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MESSAGE 

 

When a vision culminates into action, a saga unfolds. The reflection of the ideas behind the 

vision paves the way for a mission. ChEmference2010 shines in the light of the concept that was 

born three years ago when a few visionary scholars of Chemical Engineering Department at 

Indian Institute of Technology Kanpur toiled to sow the seeds of a plant that blossoms in 2010.  

Thus ChEmference2010 promises to provide an opportunity to young researchers across the 

country to interchange novel ideas in a multitude of topics ranging from core areas of Chemical 

Engineering to various multidisciplinary fields.  

The field of Chemical Engineering in India has seen a tremendous growth in the past few 

decades and is continuing to widen its horizons involving a synergy of physical and 

mathematical sciences with traditional engineering practices and methods. This has opened a 

plethora of avenues to researchers to satisfy their hunger of innovation and come up with 

solutions in sync with the demands of a fast developing society. 

However to propagate the emerging ideas the scientific community needs to interact in an 

environment that helps them unleash their thoughts and speak to peers sharing the common cause 

and having common goals. ChEmference2010 attempts to create the kind of conglomeration that 

degenerates into a symposium organized with the objective of providing the research students of 

our country an opportunity to present their findings to an audience consisting of some of the top 

scientists and engineers in the field and to other research students who are keen to know the 

latest developments. 

We hope our efforts would be able to win the appreciation from the visitors and prove worthy to 

our commitments. 
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Pre- and post-treatment of gases from a fuel cell processor using ceria-based 
catalysts 

Parag A. Deshpande*, Giridhar Madras 
Department of Chemical Engineering, Indian Institute of Science, Bangalore 560012, India 

*Corresponding author: parag@chemeng.iisc.ernet.in 
 

Abstract 
Noble metal ion (Pd and Pt) substituted CeO2 was synthesized using solution combustion technique. 
The catalysts were characterized using X-ray diffraction, X-ray photoelectron spectroscopy and trans-
mission electron microscopy. The catalysts were used for carrying out the water-gas shift reaction and 
catalytic hydrogen combustion. The catalysts showed high activity for both of the reactions. Equilib-
rium conversions were attained using Pt-ion substituted catalyst for the water-gas shift reaction. Room 
temperature H2 combustion was observed for both Pd as Pt-ion substituted catalysts with low H2-O2 
stoichiometric ratio. The mechanism of the water-gas shift reaction was proposed on the basis of the 
spectroscopic observations.   
Keywords: Water-gas shift reaction; Catalytic Hydrogen Combustion; Spectroscopy; Solution com-
bustion; Fuel cells 
 

1. Introduction  
 Steam reforming of heavier petroleum frac-
tions results in the generation of synthesis gas 
which essentially consists of a large fraction of 
H2. Utilization of H2 generated using this method 
is unsuitable for use in fuel cells owing to high 
concentrations of CO which poison the elec-
trodes.1,2 Therefore, it is required to treat the gas 
to remove CO and make it rich in H2. The water-
gas shift reaction (WGS) is one of the methods 
to achieve this. Using WGS, the levels of CO in 
the feed can be reduced below the acceptable 
limits.  
 Fuel cells operate at high recycle ratio to 
make full utilization of H2. In spite of this, a 
small portion of H2 remains unreacted in the ex-
haust gas. This may result in build up of H2 con-
centration in the atmosphere within explosive 
limits. The accidents of H2 explosion under such 
conditions are reported.3 Therefore, treatment of 
the exhaust gases from a fuel cell is important to 
render it safe for outlet to the atmosphere. This 
study reports two important applications of noble 
metal substituted CeO2 based catalysts. WGS is 
used as a pre-treatment step for the purification 
of the inlet gas to make it suitable for fuel cell 
applications. Catalytic hydrogen combustion 
(CHC) can be used as a post-treatment step to 
make the outlet gas from the processor safe. Both 
of the reactions were carried out using the com-

bustion synthesized catalysts and the mecha-
nisms of the reactions were proposed based upon 
the spectroscopic observations.           
 
2. Experimental 
 Pd and Pt ion substituted CeO2 catalysts were 
synthesized using solution combustion tech-
nique. A solution nitrate precursors along with 
glycine as fuel was heated in a preheated furnace 
at 350 oC. The solution was observed to catch 
fire instantaneously and the powder obtained af-
ter combustion was the desired compound. The 
compounds were characterized using powder X-
ray diffraction (Phillips Analytical Instruments, 
USA), X-ray photoelectron spectroscopy (Es-
calab, VG scientific, England) and transmission 
electron microscopy (JEOL). The gas phase reac-
tions were carried out in 9 mm ID quartz tube 
reactors with catalyst packed in granular form 
between ceramic wool. The temperature of the 
catalyst bed was maintained using an electric 
heater equipped with a PID controller. The gases 
were sent through flow controllers. The outlet 
gases from the reactor were sent through an on-
line gas chromatograph (Mayura Analyticals Pvt. 
Ltd., Bangalore) for complete analysis of the 
products. Fig. 1 shows the experimental setup 
used for the reactions      
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Figure 1.  Experimental setup for gas phase reac-

tions 
 

3. Results and Discussion 
 The XRD of the compounds showed the 
crystallization of the compounds in cubic phase. 
Fig. 2 shows the XRD patterns for CeO2, 
Ce0.98Pd0.02O2-δ and Ce0.98Pt0.02O2-δ. The XRD 
patterns show the substitution of metal in the lat-
tice as ions. Fig. 3 shows the TEM image from 
which nanocrystallinity of the synthesized com-
pounds is clear. 
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Figure 2. XRD of the synthesized compounds 

 

 
 

Figure 3. TEM image of the synthesized com-
pound 

 
 Fig. 4 shows the variation of CO conversion 
with temperature during WGS. It is clear that Pt 
substitution was superior as compared to Pd sub-
stitution. Equilibrium conversions were achieved 
within 250 oC.4 Similarly, the catalysts have 
shown high activity for CHC (Fig. 5).  

 
 
 
 
 
 
 

Figure 4. Variation of CO conversion with tem-
perature during WGS 
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Figure 5. Variation of H2 conversion with tem-

perature during CHC 
 

 The spectroscopic evidences support the dual 
site mechanism for WGS over the compounds 
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involving the adsorption of CO over the metal 
ion and splitting of H2O over the oxide ion va-
cancies.5  A similar redox mechanism is expected 
to take place for CHC also.6 

 
4. Conclusions 
 Noble metal ion substituted CeO2 catalysts 
were synthesized using solution combustion 
technique. The compounds were nanocrystalline 
with metal subsituted in ionic form. The com-
pounds showed high activity for WGS and CHC. 
WGS followed a dual site mechanism utilizing 
noble metal ion and oxide ion vacancies.   
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Catalytic activity synergism for bimetallic catalysts 
Rucha Paranjpe and Preeti Aghalayam* 

Dept. of Chemical Engineering, IIT-Bombay 
*Corresponding author: preeti@iitb.ac.in 

 
Abstract 
Synergism can be defined as the non-additive increase in catalytic activity upon mixing various cata-
lyst components. Although well known, an exact representation of such synergism is not yet estab-
lished. A commercial catalytic converter used in automobiles has platinum, rhodium and sometimes 
palladium as the noble metal catalyst and it simultaneously performs the reactions leading to the oxida-
tion of hydrocarbons and carbon monoxide and the reduction of nitrogen oxides. Here we demonstrate 
the synergism in the NO reduction activity for a bimetallic Pt+Rh catalyst. The beneficial effect of the 
using the two metals is to suppress the production of the harmful byproduct N2O as compared to the 
monometallic catalyst. A microkinetic model proposed by Mantri and Aghalayam (2007) for the NO-
CO reaction on various platinum group metals is able to predict these experimental results very well, 
when simulations are performed using the commercial reaction kinetics software Chemkin 4.0.2.  
Keywords: Synergism; Bimetallic Catalysts; Noble metals; Microkinetic modeling 
 

1. Introduction 
 Synergism with respect to catalysts is defined 
as the non additive increase in the catalyst activ-
ity upon mixing various catalytic components 
and has long been known in the heterogeneous 
catalysis [1]. But the systematic study on the ef-
fect of combination of different metal catalysts 
towards reaction mechanism and kinetics is not 
found in the literature [2]. A good prototype to 
study this effect is the commercial three way 
catalytic converter (TWC) used in automobile 
exhaust after treatment. A converter has a num-
ber of noble metals (Pt, Rh and Pd) acting simul-
taneously as catalysts in order to simultaneously 
reduce three major pollutants (Hydrocarbons, 
CO and NOx). Since a TWC contains Pt and Rh 
both of which are active in different capacities 
for the various reactions, the interaction among 
the two metals with respect to various chemical 
reactions is important in order to achieve opti-
mum performance from both the noble metals. 
The differences in conversion of the reactants 
and selectivities to various products using the 
monometallic and the bimetallic catalysts need to 
be analysed.  
 
2. Experiments and Simulations 
 Monometallic Pt and Rh catalysts (1 wt%) 
were prepared by the wet impregnation method 
using Pt and Rh salts on a silica support. A phys-

ical mixture of equal amounts of the two mono-
metallic catalysts was used as the bimetallic Pt-
Rh catalyst in this study. The catalyst activity 
was tested in a fixed bed reactor setup with a 
feed stream containing a fixed CO to NO ratio, 
using ~200mg of catalysts. The concentrations of 
CO and NO were measured at the reactor outlet 
using a Kane 9106 Quintox Combustion Ana-
lyser, as a function of the reactor temperature, 
and other operating parameters. Reactor-scale 
mathematical simulations were performed using 
the CHEMKIN 4.0.2 software for equivalent ex-
perimental systems (Pure Pt, Pure Rh and Pt+Rh 
mixture), incorporating the microkinetic reaction 
mechanism proposed by Mantri and Aghalayam 
(2007). 
 
3. Results and Discussion 
 The focus of this study is on NO reduction as 
it is a priority pollutant. Figure 1 shows the NO 
conversion as a function of the reactor tempera-
ture, for the three cases – pure Rh, pure Pt, and 
the Rh+Pt catalyst. It is evident from figure 1 
that the catalyst activity for the NO-CO reaction 
for the bimetallic Pt+Rh physical mixture closely 
resembles that of the pure Rh catalyst. The ma-
thematical simulations are seen to predict the ex-
perimental data well in all cases.  
 The bimetallic catalyst in this case has half 
the amount (weight) of Pt and Rh as compared to 
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the pure component catalyst. So if the activity is 
expressed as the number of reactant molecules 
converted per noble metal atom, then it can be 
said that there is an enhancement in the catalyst 
activity. The main product of NO reduction is N2 
and N2O is formed as the byproduct. The predic-
tions of the outlet concentrations of N2 and N2O, 
were obtained from mathematical simulations 
(these species were not measured experimen-
tally).  Figures 2 shows the beneficial effect of 
using bimetallic catalysts. The main drawback of 
Pt catalysts is the tendency to form the undesir-
able side-product N2O. Figure 2 demonstrates 
that the formation is far less for the bimetallic 
catalyst, than the pure Pt one. Thus our work 
demonstrates the benefit of metallic catalysts on 
the basis of both reactant conversion and product 
selectivity. 
 
4. Conclusions 
 There exists a synergism in the NO reduction 
activity for a bimetallic Pt+Rh catalyst as in a 
three way catalytic converter. In the literature, 
there is no clear demonstration of the potential 
synergism between Pt and Rh for the NO+CO 
reaction [3,4]. In our work, we demonstrate 
through both experiments and simulations that 
the simultaneous presence of Rh and Pt catalysts 
leads to non-additive effects on both reactant 
conversions and product selectivities. The effect 
is favorable as the production of harmful by-
product N2O is suppressed as compared to the 
monometallic Pt catalysts. The ability of the ma-
thematical model to predict experimentally ob-
served features for monometallic and bimetallic 
catalysts, using the microkinetic model devel-
oped in our group by Mantri and Aghalayam [5], 
is also shown. It is proposed to extend this inter-
esting work through further analysis and para-
metric studies, with the aim of developing and 
validating suitable mathematical models for the 
prediction of the performance of automobile 
catalytic converters.  
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Abstract 
Structural inserts are useful in microreactors to improve the catalyst surface area, enhance mixing and 
manipulate flow distribution. These structured inserts, such as multi-channel or posted structures, are 
static structures (like columns or pillars respectively) in the flow channel of a microreactor. In this si-
mulation study, the performance of multi-channel and posted catalytic inserts is compared for lean 
propane/air combustion on Pt catalyst. A comparison with cross-flow configuration with posted inserts 
is also presented. Significant flow channeling results in poor performance of the cross-flow reactors. A 
tapered geometry of the inlet manifold is proposed for improving the flow distribution in the cross-post 
microreactors. The insert geometry does not affect propane conversion in either configuration. 
Keywords: Flow maldistribution; microreactors; post inserts; channel inserts 

 
1.Introduction  
 The advantages of micro-scale systems [1] 
include high rates of heat and mass transfer, 
large surface area to volume ratios, and signifi-
cant reduction in the experiment time. The sur-
face area to volume ratio in micro-scale systems 
scales inversely as the channel diameter, and 
could be as much as two orders of magnitude 
higher than the conventional system. However, 
to meet the full potential of microreactors, fur-
ther increase in surface area is desirable, espe-
cially in multi-phase systems. Fixed-bed micro-
reactors are difficult to design and operate in 
practice due to their higher pressure drops [2] 
and low selectivity. This limits their use only to 
lower flow rates [3]. Alternatively, one could use 
precisely structured catalytic inserts, such as 
multi-channel or posted structures [2, 4, 5] for 
the same purpose. 

The open structure of posts allows for very 
high surface area with only a modest pressure 
drop. The narrow residence distribution of gases, 
and the enhanced mixing [2, 4, 6] increases the 
conversion for posts [7]. However, maintaining 
uniform flow distribution between adjacent rows 
of posts is necessary to ensure higher selectivity 
and reduced pressure drop [8]. 

Previous studies on posted microreactors 
have focused on understanding the effect of these 
structural inserts on flow distribution. In this 
study both axial-flow and cross-flow geometries 
of posted microreactors are compared. Tapered 

post is proposed for reducing the flow channel-
ing observed in cross-post microreactors. 

 
2.Methodology 
 The Computational Fluid Dynamics (CFD) 
simulations were carried out using FLUENT 
software for various geometries with posted and 
multi-channel inserts (see contour plots of Figure 
2). A multi-channel reactor consists of seven 
channels with 200 microns gap size and wall 
thickness. The “axial-post” microreactor consists 
of a catalytic insert with 0.26 cm in width and 1 
cm in length; there are a total of 150 square posts 
(with d=200 microns) arranged in six rows, with 
a nominal pitch of 2d.  The “cross-post” configu-
ration consists of the same catalytic insert; how-
ever, bulk flow is in transverse instead of axial 
direction. In order to improve flow distribution 
in the cross-flow configuration, the outer micro-
reactor walls are tapered with an angle of 5.7660. 
The 2D steady state, laminar and pressure based 
solver is used to solve the mass, momentum and 
species equations. The propane combustion reac-
tion kinetics is taken from [9]. 
 
3.Results and Discussion 

A comparison of the four configurations for 
isothermal conditions (685 K) is given in Figure 
1 for the equivalence ratio of 0.738. Propane 
conversions in channel and posted microreactors 
with axial flow conditions are the same for the 
entire range of flow rates. These results agree 
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qualitatively with the results of [7] that posts and 
channels behave equally and to that of ideal 
PFR. The propane conversion in the cross-post 
case is lower (by almost 10% at higher flow-
rate), as well as propane break-through (i.e., 
conversion < 99 %) occurs at lower flow-rate 
than the other three configurations. 

The velocity contours in Figure 2 show that 
significant flow mal-distribution occurs in cross-
post microreactors. To reduce the flow channel-
ing in the cross-post microreactor we proposed 
the cross-post with tapering angle of 5.7660 is 
known as tapered-post. Clearly, one can observe 
that the flow distribution between adjacent rows 
of posts is much more uniform in the tapered-
post configuration rather than cross-post. 

The above result clearly shows that uniform 
flow distribution ensures high conversion from 
the cross-flow configuration. Similar results 
were observed for auto-thermal operation (i.e., 
when combustion is self-sustaining, without add-
ing more heat). 

These results are significant because cross-
flow allows better thermal management (future 
work) in microreactors and provides for lower 
pressure drop. 
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Figure 1: Propane conversion vs. inlet flow rate 
(in liters/min) for the various configurations of 
catalyst insert for isothermal propane combus-
tion (685 K). 
4.Conclusions 
 Catalytic microreactors with multi-
channel and posted inserts show similar per-
formance for catalytic propane combustion. The 
tapered cross-post configuration was proposed in 
this work to 
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Figure 2: Velocity contours for “channel”, 
“post”, “cross-post” and “tapered post” microre-
actors at 3.9 liters/min. 
 
reduce the channeling and improve the conver-
sion in the cross-flow configuration. The direc-
tion of flow or the insert geometry did not affect 
the propane conversion as long as uniform flow 
distribution and constant catalytic surface area is 
maintained. Tapered-post microreactors were 
more stable to device extinction. 
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Abstract 
Pd-based catalyst was electrodeposited on carbon substrate and characterized for the oxygen reduction 
reaction (ORR) in direct methanol fuel cells (DMFC). Constant current and cyclic voltammetry tech-
niques were employed for the electrochemical deposition of Pd from acidic K2PdCl6 solution on glassy 
carbon electrodes. The catalysts were characterized in terms of structure, morphology and catalytic ac-
tivity by X-ray diffraction, scanning electron microscopy and electrochemical measurements. 
The cyclic voltammetry measurements showed an increase in current density for oxygen saturated 
electrolyte in comparison to the nitrogen saturated solution hereby confirming the reduction of oxygen. 
The dependency of oxygen reduction current with respect to     electrodeposition conditions was stud-
ied. The voltammetry studies showed that the performance of electrodeposited Pd towards the ORR 
was comparable to that of electrodeposited Pt, indicating electrodeposited Pd a promising electrocata-
lyst for oxygen reduction reaction. 
Keywords: Direct methanol fuel cells; Oxygen reduction reaction; Electrodeposition 

 
1.Introduction 
 Direct Methanol Fuel Cells (DMFCs) are ex-
cellent power sources for portable applications 
owing to their high energy density and low oper-
ating temperatures [1]. However, the cost associ-
ated with high platinum metal loadings, cross-
over of methanol from anode to cathode through 
the polymer electrolyte membrane has lead to the 
search for low-cost methanol tolerant non-
platinum electro catalysts. Reduction of oxygen 
(ORR) is a key electrochemical reaction, and an 
improved understanding of its mechanism and 
the development of more efficient electro cata-
lysts underlie much of fuel cell research [2]. As 
an alternative to platinum, palladium plays a key 
role in fuel cell research besides the cheaper cost. 
Palladium-based catalysts in nano-particle form 
are seen as ideal electrocatalysts due to their in-
creased activity and surface area. Although sev-
eral studies were performed on Pd-based cata-
lysts, no definite conclusion regarding the nature 
of the catalytically active surface or constitution 
of binary metallic particles could be drawn, and 
also the synthesis methods currently adapted 
have limitations for the preparation of highly 
dispersed metallic nano-particles Electrodeposi-
tion is an attractive technique for synthesising 
nano-particles [3]. In this study, we report on the 

electrodeposition of Pd on glassy carbon sub-
strate using constant current and cyclic voltam-
metry techniques, and their comparison of the 
oxygen reduction activity with the conventional 
electrodeposited Pt catalysts.  
 
2.Experimental 
 Voltammetric experiments were performed 
using a potentiostat CHI600C (CH instruments) 
in an electrochemical cell at room temperature 
with 3 mm glassy carbon (GC) electrode as the 
working electrode. Pt wire and an Ag/AgCl (3M 
NaCl) served as counter and reference electrodes 
respectively. The GC electrode was polished us-
ing alumina (1µm) before every experi-
ment. Electrodeposition of Pt and Pd 
on GC electrode was carried out in nitrogen satur
ated 2mM K2PtCl6 + 0.1M HClO4 and 0.5mM 
K2PdCl6   + 10mM HClO4. After deposition, 
the electrode was rinsed thoroughly with Milli-
pore water and then voltammetrically scanned in 
nitrogen-purged 0.1M HClO4 from -0.2 to 1.1V 
at a rate of 10 mVs-1 in order to remove any re-
sidual chloride ions, and also to activate the elec-
trode. The activity for ORR of the deposited 
catalysts were evaluated by Cyclic voltammetry 
in a O2 saturated 0.1M HClO4 solution. 
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3.Results and Discussion 
 Figure 1a and b shows the cyclic voltammo-
grams of electrodeposited Pt and Pd in 0.1 M 
HClO4 solution saturated with N2 (for blank) 
and oxygen for oxygen reduction reaction. The 
curve represents the typical  H+ adsorption and 
desorption peaks in the region -0.2 to 0.0V vs 
Ag/AgCl. As can be seen from the figures, the 
current density increases for the electrodeposited 
catalysts saturated with oxygen confirming the 
reduction of oxygen. The onset potential and 
peak potential are about 0.75 V and 0.5 V for the 
ORR at Pt catalyst. On the contrary, the onset 
potential and peak potential for the Pd catalyst 
are about 0.6V and 0.4V indicating a shift of 
0.15 V indicating electrodeposited Pd a promis-
ing electrocatalyst for ORR. The Pd and Pt cata-
lysts were also physically characterized by scan-
ning electron microscopy and X-ray diffraction 
studies to compare the morphology and struc-
ture. 
 
4.Conclusions 
 Voltammetry studies showed that the per-
formance of electrodeposited Pd was comparable 
to that of Pt, indicating electrodeposited Pd as a 
promising electrocatalyst for oxygen reduction 
reaction 
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Figure 1. Cyclic voltammograms of electrode-
posited Pt (a) and Pd (b)on glassy carbon elec-
trodes in 0.1M HClO4 saturated with N2 (dotted 
lines) and O2 (solid lines) at a scan rate of 10mV 
s-1 and room temperature. 
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Abstract 
This paper deals with the work carried out to enhance the conversion of esterification reaction be-

tween ethanol and sulfuric acid using ionic liquid as a catalyst. Experiments were carried out in a batch 
reactor. Samples were withdrawn at regular time intervals and analyzed using UV Spectrophotometer 
for the concentration of ethanol converted to ethyl hydrogen sulfate. Ionic liquids acted as an efficient 
catalyst for enhancement of esterification. 
Keywords: Ionic liquids, esterification, diethyl sulfate.  

 
1. Introduction  

Day by day there is increase in demand for 
different type of chemicals that has vital applica-
tions. One such chemical that has industrial im-
portance is Diethyl sulfate (DES) DIETHYL 
SULPHATE ((C2H5)2SO4) otherwise called as 
OIL OF WINE is the second   member among 
the homologous series of compounds called di-
alkyl sulfates. DES finds many applications such 
as a catalyst for conversion of acetals to vinyl 
esters. It is also used as an alkylating agent for 
converting metal halides to alkyl halides. It is 
also used in manufacture of detergents, dye-
stuffs, anti corrosion agents, carbon electrodes, 
color-fixing agents etc.  

Various methods have been used for prepa-
ration of DES in literature. DES was traditionally 
prepared from ethanol and sulfuric acid. The me-
thod employed was to distill a mixture of about 
2-4 parts by weight of sulfuric acid with one part 
by weight of ethyl alcohol (Miller, 1969). [1] 
found that ethanol sulfuric acid process when 
modified would be more efficient process than 
any other alternative routes. Instead of distilling 
a mixture of ethanol and sulfuric acid, it was 
proposed to carry out the process in two steps. 
The first step involves reaction of ethanol sulfu-
ric acid to produce ethyl hydrogen sulfate. The 
second step is the distillation of ethyl hydrogen 
sulfate, under vacuum, to produce DES. Reactive 
adsorption technique is applied in which anhy-
drous sodium sulfate is used as an adsorbing 
agent.  
 
C2H5OH(l)+ H2SO4(l)     30ºC        C2H5HSO4(l)+H2O(l)  (1) 

C2H5HSO4(l)   30mmHg/90-100º     (C2H5)2SO4(l)+H2SO4(l)  (2) 

Ionic liquid is a salt that has a melting point 
at or near room temperature. [2] Studied en-
hanced esterification conversion in a room tem-
perature ionic liquid by integrated water removal 
with pervaporation and observed that in situ ex-
traction of water with pervaporation technique 
for which Conversion increased from 22% to 
44%. [3] did work with Bronsted acidic ionic 
liquids derived from alkyl amines as catalysts 
and mediums for Fischer Esterification: study of 
structure – activity relationship (octanol and ace-
tic acid) and mentioned that 

 1. Higher acidity of the anion in ionic 
liquid resulted in higher yield of ester. 
 2. Yield of ester decreased with increase 
in size of cat ion 
 3. Discussed different kinds of ionic liq-
uids, preparation and respective yield for se-
ries of alkyl ammonium salts as bronsted 
acidic ionic liquid. 
 

2. Experimental 
2.1. Chemicals: Ethyl alcohol, Sulfuric acid, 1-

Butyl 3-Methylimidazolium Octyl sulfate 
(ionic liquid). 

2.2. Procedure and analysis: Experiments were 
conducted in a stirred batch reactor which con-
sists of 250 ml flat bottomed flask jacketed with 
Perspex to maintain the bath at a constant tem-
perature using external circulating cooling bath. 
 Known amounts of ethanol and ionic liq-
uid were placed in the reaction vessel and calcu-
lated amount of sulfuric acid was taken in an-
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other flask and both the vessels were separately 
cooled to 5oC. The acid was then added to etha-
nol-ionic liquid mixture drop by drop to maintain 
isothermal condition as it is an exothermic reac-
tion. Stirring speed was maintained constant 
through out the experiment. Samples of 5 ml 
were pipetted out at different time intervals and 
the reaction was immediately arrested using so-
dium hydroxide solution of particular molarity 
depending on the concentration of sulfuric acid. 
 Calibration chart of absorbance vs. con-
centration for ethanol is obtained using UV 
Spectrophotometer. The samples were then ana-
lyzed and compared with the calibration chart 
from which the concentration of unreacted etha-
nol is obtained. Hence, conversion is calculated. 
 
3. Results and Discussion 
 The ionic liquid being used contains n-octyl 
moiety which results in the formation of micelle, 
that dissociates into respective ions upon its ad-
dition to the reaction mixture [5] thereby enhanc-
ing the conversion by 1.4 times when all the oth-
er parameters are kept constant. 
 
4. Future Work 
       Effect of temperature and concentration of 
ionic liquid on conversion is yet to be studied to  
know the kinetics. A suitable mechanism is to be 
proposed to explain the reaction. 
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Figure.1: Time variation of fractional conversion 
of ethanol.  (dotted line: ethanol + sulfuric acid + 
ionic liquid; dashed line: ethanol + sulfuric acid 
+ anhydrous sodium sulfate; solid line: ethanol + 
sulfuric acid) 
 
5. Conclusions 
       Ionic liquid. (1-Butyl 3-Methylimidazolium oc-
tyl sulfate) is identified as a efficient catalyst for the 
manufacture of diethyl sulfate as the conversion is 
improved by 1.4 times compared to other conven-
tional processes. 
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Abstract 
The energy and product optimization is need of the hour. Every unit of energy saving helps in re-

ducing the carbon foot print and operational expenditure of the process and process become more eco-
friendly and profit making. IIP, Dehradun carried out a study for one of its client aimed at energy and 
product yield optimization in Naphtha stabilizer and fractionation (NSF) unit. Various configurations 
with respect to unit operations were studied keeping in mind the product yields and specification re-
quirement, energy savings and feasible revamps. Three configurations having different energy saving 
potential and product yields were proposed. In first configuration there is a reduction in re-boiler and 
condenser duties up to an extent of 43% and 51% respectively. However, in configuration 2, the above 
duties are reduced by 31% & 35 % respectively. Also Reformate Naphtha (RN) was taken as side draw 
from the splitter C01 along with Light Naphtha (LN) as top and Heavy Naphtha (HN) as bottom prod-
ucts resulting in  elimination of splitter C02 operation which can be used for any other purpose. The 
RN flow rate is also reduced to 800 kg/hr against the 1224 g/hr in base case. Configuration-3 has same 
operation as Confiuration-2 except that there is no RN side draw from the C01.   
Key words:  Optimization; Energy Saving; Light Naphtha; Heavy Naphtha; Reformate Naphtha 

 

1. Introduction  

Naphtha stabilizer and fractionation unit was 
studied for energy and products yield optimiza-
tion. The objectives of the study were; a) To op-
timize the yields of Light Naphtha (LN), Refor-
mate Naphtha(RN) and Heavy Naphtha(HN) for 
meeting clients’ product demand  requirements 
(Maximum LN and Minimum RN) utilizing the 
existing Naphtha Stabilizer (C03), Splitter 
1(C01) and Splitter 2 (C02) columns,  b) Opti-
mization of corresponding reboiler and con-
denser duties  
 
Road Map for Study 

To meet the objectives, the test run data of 
NSF plant was simulated to set up the base case 
required for energy saving potential estimation 
and products quality specifications. In the Base 
case (BC) of NSF unit the light gasoline from 
Pre-fractionation column (CDU CL-01) top is 
fed into Naphtha stabilizer column (C-03) ob-
taining LPG as distillate. Heavy gasoline from 
crude distillation column (CDU CL-02) top is 
mixed with Naphtha stabilizer bottom and fed to 
Splitter 1 (C-01).  LN product is obtained as 

Splitter 1 distillate and bottom stream is fed into 
Splitter 2 (C02) for further fractionation. RN and 
HN are obtained as the top and bottom product 
from Splitter 2 respectively. The flow scheme for 
base case is given in figure 1.  

Light gasoline from pre-
fractionation column  

Reflux

Bottom

Heavy Gasoline from 
Crude Distillation Column 

Light Naphtaha(LN)

Reformate Naphtha (RN)

Heavy Naphtah(HN)

LPG

Reflux

Reflux

Base case (BC)

C03 : Naphtha stabilizer

C03 : Naphtha splitter -1

C03 : Naphtha splitter -2

C03

C01

C02

 
 
Figure 1: Flow scheme for base case (BC) 
 
Various configurations were studied and ana-
lyzed for energy and product yield optimization. 
The best two configurations were proposed to 
the client:  
Configuration- 1(C-1): Re-routing of LN sepa-
rated from C03 and utilizing both the splitters for 
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production of LN, RN & HN from Heavy Gaso-
line. 
Configuration – 2(C-2): Re-routing of LN sepa-
rated from C03 and to draw RN as side product 
from splitter C-01 along with LN & HN products 
there by eliminating the operation of splitter C-
02. 

 
2. Results and Discussion 
 The ASTM D86 of light and heavy gasoline 
based on the test run data were used in this study 
for simulating the configurations considered. In 
all the three configurations, products yields were 
optimized with respect to client’s requirement 
with an emphasis to reduce the re-boiler and 
condenser duties keeping the products quality 
intact as in the base case. 
 
The simulated results for products qualities and 
quantity are given in Table 1&2 respectively. 
 
Table 1: Comparison of products ASTM D 86 

Parameter BC C-1 C-2 
ASTM D 86 LN   

LN IBP 37 38 38 
5% 57 57 58 
95% 93 94 92 

LN FBP 100 99 93 
ASTM D 86 RN 

LN IBP 87 85 84 
5% 89 89 90 
95% 108 110 109 

LN FBP 115 117 117 
ASTM D 86 HN 

LN IBP 111 112 113 
5% 112 114 114 
95% 151 153 153 

LN FBP 168 170 170 
 
Table 2: Product streams flow rate, kg/hr  
Case Feed  LPG LN RN HN 

BC 19371 522 7563 1224 10062 
C-1 19625 523 7916 1124 10062 
C-2 19625 523 8240 800 10062 

Table 1 show that the quality was maintained in 
each configuration and matching with base case 
specification. It is clear from Table 2 that RN 

flow rate (which is less desirable) in configura-
tion -2 is 800 against 1224 in the base case. The 
energy saving potentials were also estimated for 
each configuration and is given in Table 3. 
 
 
 
Table 3: The overall energy consumption for dif-
ferent cases 
 
 
Column 
Name 

Re-boiler duty , MMKcal/hr 

C-03 0.64 0.60 0.60 
C-01 3.43 1.14 3.14 
C-02 1.34 1.30 0.00 
Total 5.41 3.04 3.73 
% reduc-
tion  43.81 31.05 

 Condenser duty , MMKcal/hr 
C-03 0.47 0.47 0.47 
C-01 3.42 0.84 2.84 
C-02 1.21 1.16 0.00 
% reduc-
tion 5.09 2.46 3.31 

  52.00 35.00 
 
There is a sharp reduction in energy consumption 
in the first configuration (C-01) due to the fact 
that only heavy gasoline is treated in the C01 
splitter resulting in a lower vapor load in the col-
umn. Therefore, the re-boiler and condenser du-
ties are lower than the base case. Low vapor 
loading in C01 suggests drawing RN as a side 
product along with LN and HN from C01 with-
out any compromise in quality and quantity of 
product streams. There is a significant energy 
saving potential of reduction in re-boiler and 
condenser duties.  
3. Conclusions 
 Energy optimization of operating processes 
in industries  using the heat integration tools 
such as pinch analysis, column targeting and 
process simulators is inevitable  to meet the chal-
lenges of ever growing energy demand and re-
ducing the carbon foot print of the process. In 
this study we crystallized the following conclu-
sions: 
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1. In configuration 1,   re-boiler and condenser 
duties are reduced to  approx. 43% and 51 % 
respectively 

2. In configuration 2, splitter C02 is eliminated 
and thereby it can be used for any other unit 
operation.  

3. Reduction in re-boiler and condenser duties 
to the tune of 31 & 35 % respectively in con-
figuration-2 along with reduction in RN flow 
of 800 kg/hr against 1224 kg/hr. 

4. There is enough potential for an increase in 
thru put of the plant with the same facilities 
available. 



15 

 

Application of microchannel reactor for oxidative steam reforming of 
ethanol and water-gas shift reaction on noble metal catalysts 

                                           A.S.Sandupatla, N.R.Peela, and D.Kunzru* 
Dept. of Chemical Engineering, Indian Institute of Technology Kanpur, Kanpur-208016,India 

* Corresponding author; email: dkunzru@iitk.ac.in; tel:+91-512-2597193 
 
Abstract 

Oxidative steam reforming of ethanol (OSRE) and water gas shift reaction (WGS) were studied 
over noble metal catalysts in a microreactor. Among the catalysts tested for OSRE, 
1%Rh/20%CeO2/γ-Al2O3 was found to be more active, stable and selective. The catalyst 
composition tested for WGS was 2%Pt/10%reducible oxide/γ-Al2O3. Various reducible oxides 
were tested, among them CeO2-ZrO2 was found to be more active.  
Keywords: Microreactor, hydrogen production, steam reforming, water-gas shift reaction, ethanol 
 
1. Introduction 

Microreactors (MR) provide higher 
surface area to volume ratio resulting in high 
heat and mass transfer rates [1]. Here, these 
reactors were used to produce H2. In recent 
years, H2 production from reforming of 
ethanol has emerged as a promising 
alternative. The reactions involved include 
steam reforming or oxidative steam 
reforming followed by water-gas shift and 
selective oxidation of CO. The development 
of suitable catalysts for these reactions is 
crucial for the viability of the process. The 
catalysts reported are Rh based catalysts for 
steam reforming [2], Pt based catalysts for 
water-gas shift reaction and Pt-Rh or Cu-
ceria catalysts for selective oxidation of CO 
[3]. 
 
2. Experimental 

The experiments were conducted in a 
microchannel reactor. The reactor plates were 
fabricated from SS304 sheet of 1 mm 
thickness. The plate consisted of 25 
microchannels (depth=400 µm, width=500 
µm, and length=60 mm for OSRE and 25 
mm for WGS) made on a laser 
micromachining unit (Model: V3+, Laservall, 
Italy). The microchannels were coated with 
γ-alumina by slurry washcoating. The details 

of the washcoating procedure are reported 
elsewhere [3]. For OSRE, the washcoated 
plates were impregnated with ceria 
(precursor: cerium nitrate) followed by 
impregnation with Rh (precursor: rhodium 
chloride). For WGS, the washcoated channels 
were impregnated with one of the reducible 
oxides (CeO2, ZrO2, TiO2 or CeO2-ZrO2) 
followed by impregnation with Pt (precursor: 
PtCl4).  
 
3. Results and Conclusions 
3.1 Oxidative steam reforming of ethanol: 
The experiments were conducted with water 
to ethanol molar ratio of 3 or 6 and oxygen to 
ethanol molar ratio ranging from 0.5 to 1.5 
over a temperature range of 350 – 550oC. 
Amongst the catalysts tested, 
1%Rh/20%CeO2/Al2O3 showed better 
activity, selectivity and stability. The product 
distribution obtained with this catalyst at 
different temperatures and O2/ethanol molar 
ratio of 0.5 is shown in Fig.1. With an 
increase in O2/ethanol molar ratio, the 
selectivity to H2, CO and CH3CHO decreased 
whereas the selectivity to CO2 increased. The 
activity in OSRE was higher compared with 
that of SRE over this catalyst at identical 
operating conditions; whereas, the selectivity 
to desired products was slightly lower. The 
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H2 yield obtained in OSRE was               
~120 m3kg-1h-1 
 
3.2 Water-gas shift reaction: The feed 
composition (vol. %) used was 4% CO, 12% 
CO2, 14% N2, 40% H2 and 30% H2O. Among 
the catalyst tested with reducible oxide 
support, CeO2-ZrO2 with a molar ratio of 
CeO2/ZrO2=0.76/0.24 was found to be the 
most active. The order of activity for Pt 
supported on different oxides was CeO2-
ZrO2>CeO2>TiO2>ZrO2>Al2O3. The 
variation of CO conversion with temperature 
on 3 supports is shown in Fig. 2. At low 
temperatures, the conversion of CO was 
limited by kinetics, whereas at temperatures 
above 3400C, the conversion was limited by  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

thermodynamic constraints. With Pt/CeO2-
ZrO2/Al2O3 catalyst, conversions close to 
equilibrium could be obtained at 3700C and 
wt. of catalyst/molar flow rate of CO = 
11.4 g.h/mol CO. 
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Development of diafiltration based membrane separation to purify ligno  
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Abstract 
      In the present study an attempt was made to develop diafiltration assisted membrane separation 
process to extract lingo sulfonates (LS) from Kraft black liquor (KBL). Here 5 kDa membrane was 
used to separate LS from the microfiltered raw feed. Six stages of diafiltration were carried out with 
diluted and non-diluted feed to understand the effect of diafiltration stages on the extent of LS purity. 
 Keywords: Ligno sulfonates, Diafiltration. 
 

1. Introduction 
 Black liquor is one of the most hazardous 
effluents that is coming out of any paper-pulp 
industry containing mainly lingo sulfonates (LS) 
along with cellulose materials. The environ-
mental impact of black liquor results not only 
from its chemical nature [1], but also from its 
dark coloration that reduces oxygen availability 
and negatively affects on aquatic fauna and flora. 
The increasing necessity for water quality pres-
ervation too has intensified the need for methods 
of wastewater treatment within the pulp and pa-
per industry. Extensive efforts are being made all 
over the world to develop treatment schemes for 
paper mill wastes which could both be economi-
cal as well as efficient. 
 The objective of the present work is purifica-
tion and concentration of LS present in the black 
liquor. Though Ultrafiltration (UF) has been 
used worldwide [2] to recover LS from black 
liquor; but a complete, neat and economical 
technology has not yet developed. Mainly in the 
present work we have attempted to develop a 
methodology to obtain LS based on the diafiltra-
tion process on UF. 
 
2. Experimental 
 Raw feed collected from local paper industry 
was initially filtered through 20 mesh screen fol-
lowed by microfiltration (MF) with 0.2 micron 
poly ether sulfone (PES) membrane resulting 
10% (w/v) total dissolved solids (TDS) level in 
the permeate. Permeate collected from MF (Vis-
cosity: 1.05 cP) was introduced to six-stage dis-
continuous diafiltration (DD) with volume con-

centration factor (VCF) 2 in 5 kDa crossflow 
membrane module at 200 kPa in order to obtain 
purified lignin. In one study MF permeate was 
directly introduced to the 5 kDa membrane and 
in another observation MF permeate was sub-
jected with 50% dilution to understand the at-
tainment of lignin purity with the number of 
stages of DD in case of dilution. Retentate ob-
tained at sixth-stage of diafiltration was again fed 
to 5 kDa membrane with VCF 5 to achieve high-
er concentration of the lignosulphonates. Finally 
the concentrated retentate was dried in vacuum 
oven followed by freeze drying. 
 
3. Results and Discussion 
 Table 1 shows the characterization of the raw 
feed. One of the remarkable issues with mem-
brane separation process is its continuous fouling 
which inherently reflects the reduced longevity 
of the membrane. From Figure 1 and 2 it can be 
observed that 50% dilution yields better perme-
ate flux and also show less run time to attain 
VCF 2. It implicitly shows the less fouling of the 
membrane and thus increased lifetime of the 
membrane which is advantageous. Figure 3 
shows the percentage purity of LS with number 
of diafiltration stages. From the figure it can be 
seen that with 50% dilution almost 90% purity 
was attained at third stage, whereas without dilu-
tion atleast fifth stage was required to attain 90% 
purity mark. Therefore dilution of the raw feed 
indicates that the process becomes more efficient 
in terms of less energy consumption.    
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Table.1:  Characterization of raw feed. 
Parameters Qty 
Total Suspended Solids (% w/v) 0.335429
Total Dissolved Solids (% w/v) 19.4 
Viscosity (Pa.s) 0.001603
pH 9.02 
Density (kg.m-3) 1117.9 
Conductivity (mS.cm-1) 1.73 
Ash Content (% w/v) 8.814 
Moisture Content (%w/v) 85.256 
Chemical Oxygen Demand (ppm) 90000 
Biological Oxygen Demand (ppm) 36000 
Lignin (g/L) 40.4 
Silica (ppm) 20,060 
Chloride (ppm) 2,580 
Sodium (ppm) 70,620 
Carbohydrate (ppm) 61,436 
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Figure.1: Permeate flux versus time plot for six 
stages of DD without dilution of the MF Perme-
ate as feed. 
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Figure. 2: Permeate flux versus time plot for six 
stages of DD with 50% dilution of the MF Per-
meate as feed. 
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Figure.3: Percentage Lignin purity on dry basis 
versus diafiltration stages. 
 
4. Conclusions 
 Present study shows that feed charge with 
dilution to the membrane accompanied by diafil-
tration makes the whole process more productive 
as well as energy efficient. Also dilution reduces 
the load on the membrane and thus shows an in-
dication of increased lifetime of the membrane. 
Therefore in short it can be briefly said that 50% 
dilution of the microfiltered black liquor having 
10% (w/v) TDS level gives almost 90% pure LS 
after third stage of diafiltration.    
 
5. References 
[1] N. T. K. Oanh, Resour Conserv Recycl 18 

(1996) 87-105. 
[2]  E.A. Tsapiuk, M.T. Byrk, M.I. Medvedev 

and V.M.Kochkodan, J Membr Sci  47 
(1989) 107-130. 



19 

 

Wetting and adsorption behavior of nonionic surfactants on PTFE 

surface 
Nihar Ranjan Biswal and Santanu Paria* 

Department of Chemical Engineering, National Institute of Technology, Rourkela, Orissa, 769008, India 

*Corresponding author: sparia@nitrkl.ac.in 

 

Abstract 

Wetting and adsorption behavior of two nonionic surfactants (Igepal-630 and Triton X-100) with 

different hydrophobic chain length has been studied on Teflon (PTFE)–water interface. The 

kinetics of adsorption was found to be pseudo–second–order for the two surfactants studied here 

and the equilibrium amount of adsorption of Igepal-630 is more than that of Triton X-100. The 

adsorption isotherms show that it fits better with Langmuir model than Freundlich for both the 

cases. The change in contact angles of Igepal-630 and Triton X-100 show that the reduction of 

contact angle is more for Igepal-630. There is a straight linear relationship between adhesional 

tension and surface tension of aqueous surfactant solution. This indicates that the amount of 

surfactant adsorbed at solid-water interface is equal to the amount adsorbed at air-water 

interface. Whereas, no linear relationship was found between cos θ and inverse of surface 

tension. 

Key words: adsorption kinetics, adsorption isotherm, contact angle 

1.  Introduction 

Wetting of hydrophobic surfaces by the 

surfactant solutions is very important, owing 

to the fact that many industrial processes 

and daily life applications are impossible to 

think without wetting. In any wetting 

process, adsorption of surfactant at the solid-

liquid interface and surface tension at the 

air-liquid interface plays an important role. 

Since the hydrophobic surfaces are having 

very low surface energy, wetting by polar 

solvent can be enhanced using surfactants. 

The surfactants having low surface tension 

values at critical micellar concentration 

(CMC), and low solid-water interfacial 

tension due to adsorption of surfactants may 

show better wetting property. In view of the 

widespread applications of wetting 

phenomena many researchers have studied 

the wettability of different types of 

hydrophobic surfaces by single surfactants 

[1], mixed surfactant systems [2], and 

different additives [3].  

 

2. Experimental 

The PTFE slides of 25.34 mm  1.12 

mm and the powder of size 115.7 m were 

used for wetting and adsorption studies 

respectively. Triton X–100 (TX–100) and 

Igepal-630 were purchased from Sigma–

Aldrich chemicals, Germany. The surface 

tension and contact angle of aqueous 

surfactants solutions were measured by the 

Wilhelmy plate method using a surface 

tensiometer at 25 (± 0.5) C. For adsorption 

the concentrations of the surfactants were 

determined by UV – Vis spectrophotometer. 

3. Results and Discussion 

From the Figure 1(a) it is clear that the 

nature of the adsorption isotherm for TX–

100 and Igepal-630 are close to similar, and 

are of Langmuir type. Initially, at low 

equillibrium concentration, due to the 

presence of more free accessible sites the 

isotherm rises linearly with a higher slopes, 

whereas at higher equillibrium concentration 

formation of plateau region indicates 

monolayer coverage of surfactants on PTFE 
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surface due to negligble intermolecular 

interaction between the adsorbed surfactant 

molecules. Both the isotherms were fitted 

with Langmuir and Freundlich models and 

found better fitting with the Langmuir 

model. 

 Figure 1(b) depicts that there is a 

gradual decrease in contact angle with the 

increase in surfactant concentration till 0.1 

mM (Log C = -1) for igepal-630, and 0.3 

mM (Log C = -0.5) mM for TX-100; and 

above those concentrations it remains 

constant. This implies, the value of contact 

angle (θ) in the concentration near CMC and 

higher than CMC remains almost constant.  

The shape of these curves is similar to 

that of adsorption isotherm of Igepal-630 

and TX-100 at air-liquid interface. It is seen 

from Figure 1(c) that there is a straight 

linear relationship between surface tension 

(LV) and adhesional tension (LV Cos θ). 

A straight line with a slope -0.872 indicates 

that for different surfactants at a given 

concentration in the bulk phase the surface 

excess at water-air interface is not same as 

that of Teflon-water interface. 

4. Conclusions 

The results of this work can be 

summarized as follows. 

The adsorption isotherm for Igepal-630 

and TX–100 are close to similar and are of 

Langmuir type. 

A straight linear relationship exists 

between the adhesional tension and surface 

tension of aqueous surfactant solution. As 

the slope of surface tension and adhesional 

tension plot -0.872 (≠1) this indicates that 

the amount of surfactant adsorbed at solid-

water interface is not equal to the amount 

adsorbed at air-water interface.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. (a) Adsorption isotherms of TX-

100 and Igepal-630. (b) Plot of contact angle 

vs Log C. (c) Plot of surface tension vs 

adhesional tension. 

References 

[1] J. Harkot, B. Janczuk, Applied Surface 

Sci. 254 (2008) 2825–2830.  

[2] Szymczyk, K.; Zdziennicka, A.; Janczuk, 

B.; Wojcik, W. J Colloid Interface Sci. 293 

(2006) 172–180. 

[3] Chaudhuri, R. G.; Paria, S. J. Colloid 

Interface Sci. 337 (2009) 555–562. 

 

-4.0 -3.5 -3.0 -2.5 -2.0 -1.5 -1.0 -0.5 0.0 0.5
80

85

90

95

100

105

110

115

 TX-100

 Igepal-630

 

 

C
on

ta
ct

 a
ng

le
 (
)

Log C

(b)

0.01 0.1 1
0

1

2

3

4

5

6

 

 

A
m

ou
nt

 A
ds

or
be

d 
(

m
/g

)

Log C

 Tx-100

 Igepal-630

(a)

30 40 50 60 70

-30

-20

-10

0

10
TX-100

 Igepal-630

 

 

A
dh

es
io

na
l T

en
si

on
 (m

N
/m

)

Surface Tension (mN/m)

y = -0.872x + 31.901

R
2
 = 0.991

(C)



21 

 

Visualization of heat flow in rhombic enclosures: heatline approach 
R.  Anandalakshmi, T.  Basak

* 

 Department of Chemical Engineering,  

Indian Institute of Technology, Madras. 

* Corresponding author: tanmay@iitm.ac.in 

 

1. Introduction 

 Natural convection in heat transfer processes 

arise because of density variation due to the 

presence of temperature gradient. Interest in nat-

ural convection in closed enclosure comes from 

its wide application in science and engineering. 

Apart from regular geometries, irregular geome-

tries are commonly encountered in various situa-

tions like attic spaces, solar heating, electronic 

cooling, food processing, geothermal applica-

tions etc. In general, convection heat transfer is 

studied by streamlines and isotherms. Stream-

lines adequately explain fluid flow whereas iso-

therms are quite useful in conduction heat trans-

fer. Since fluid and heat flow are coupled in con-

vective heat transfer, isotherms are inadequate to 

study this phenomena.        

    In order to visualize heat flow in convective 

heat transfer a mathematical tool called `heat-

lines' was proposed by Kimura and Bejan [1]. 

Heatlines represent path of heat flow, magnitude 

of heat flow and zones of high heat transfer.  

    In the present study, the heatline concept is 

implemented to two-dimensional rhombic cavi-

ties with various top angles (φ=30
o
, 45

o
 and 75

o
) 

under two different boundary conditions: (a) Iso-

thermally heated bottom wall (b) Non- Isother-

mally heated bottom wall (Fig. 1). Top wall is 

maintained adiabatic whereas sidewalls are 

maintained cold in both the cases. Galerkin finite 

element method is used to solve the Poisson equ-

ation for streamfunctions and heatfunctions. 

Wide range of fluids (Pr = 0.025, 0.71, 7, and 

1000) have been studied over a range of Ray-

leigh numbers (Ra = 10
3
-10

5
).  Effects of Ra and 

top angles (φ) on fluid flow and heat transfer are 

analyzed with the help of streamlines, heatlines 

and isotherms. 

 
2. Mathematical formulation and simulation 

A two-dimensional laminar flow model with 

incompressible and Newtonian fluid is consi-

dered. Boussinesq approximation is applied for 

the body force term where density varies linearly 

with temperature. The governing equations for 

steady two-dimensional natural convection flow 

in the rhombic cavity using conservation of 

mass, momentum and energy can be given in 

following dimensionless form  

 

   (1) 

The equation for streamfunction is given as  

 

                                (2) 

The heatfunction (П) is defined as  

                                          (3) 

They satisfy steady energy balance equation to 

yield  a single equation 

 

                   (4) 

The unique solution of above equation is strong-

ly dependent on non-homogeneous Dirichlet 

boundary conditions. A reference value П is cho-

sen at the top adiabatic wall. The boundary con-

ditions for П at the hot-cold junction are ob-

tained by integrating Eq. 3 upto the required 

junction from the reference point.  

       

3. Results and Discussion 

 The heatlines for Pr=0.015 and Ra=10
3 

for 

case 1 (Fig. 2) are perpendicular to the bottom 

wall as well as left wall. They are smooth circu-

lar arcs with low magnitude streamfunctions (|ψ|) 

and heatfunctions (|П|). Thus, the heat transfer is 
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conduction dominant. As Ra increases to 10
5 

(see 

Fig. 3), the buoyancy forces start to dominate 

over the viscous forces and circulations in cavity 

are increased as evident from greater magnitudes 

of streamfunction and heatfunction. Asymmetric 

fluid and heat circulation cells evolve due to 

geometrical asymmetry with respect to vertical 

center line.  The non-symmetric flow is further 

induced by various inclination angles of side 

walls. The left cold wall receives more heat from 

the large portion of the hot bottom wall for 

smaller inclination angles. As φ increases to 75
o
, 

this trend changes continuously and right cold 

wall also starts receiving considerable amount of 

heat as indicated by high magnitude heatfunc-

tions (|П|). It is interesting to observe that closed 

loop heatline cells in the right portion of the cav-

ity occur in concentric circles and spanning al-

most entire cavity. 

 

Heatline distribution for case 2 for Pr=0.015 and 

Ra=10
5 

are shown in Fig. 4. In case 2, both mag-

nitudes of streamfunctions (|ψ|) and heatfunc-

tions (|П|) are found to be comparatively lower 

than the isothermal heating case.  

 
       

Fig. 1:  Schematic diagram for various cases.  

 
    

 

Fig. 2:  Temperature (θ), streamfunction (ψ) and 

heatfunction (П) contours for case 1, Pr=0.025, 

Ra=10
3  

                                  

   

    
Fig. 3:  Temperature (θ), streamfunction (ψ) and 

heatfunction (П) contours for case 1, Pr=0.025, 

Ra=10
5 
                                   

                     

                      
 
                

 
Fig. 4:  Temperature (θ), streamfunction (ψ) and 

heatfunction (П) contours for case 2, Pr=0.025, 

Ra=10
5  

         

 

 



23 

 

4. Conclusions 

 The comprehensive analyses of convective 

heat distribution in rhombic cavities are demon-

strated using heatline approach. Role of differen-

tial heating for optimal thermal mixing in two 

different cases is studied via heatlines.  Case 1 

with φ =75
o
 is found to give optimum thermal 

mixing. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5. References 

[1] S. Kimura, A. Bejan, J.  Heat Transfer-Trans. 

of ASME  105 (1983) 916-919.  

[2] T. Basak, S. Roy, Int. J. Heat Mass Transfer, 

(2008) 3486-3503. 



24 

 

Computaional modelling of Heat and mass tarnsfer of MHD chemical- 

Reacting Free convective flow in porous media  
1
S.Kapoor and 

2
S.Rawat 

                                                   1
Department of Mathematics, IIT Roorkee, Roorkee-247667. India 

       2
TMP  Group, Materiaux(CEMEF), 1 Rue  Daunesse, B.P. 207 - 06904 Sophia Antipolis, France. 

Corresponding author: saurabh09.iitr@gmail.com 

 
Abstract 

In the present study, we consider computational modeling of the buoyancy-induced convective 

flow and mass transfer of a micropolar, chemically-reacting fluid over a vertical stretching plane em-

bedded in a Darcy- Forchemier porous medium. The finite element method has been used to solve the 

mathematical model which constitutes a two-point boundary value problem. Such a study finds impor-

tant applications in geochemical systems and also chemical reactor process engineering.  

Keywords:  porous media , chemically-reacting, FEM 
 

1.  Introduction 

 Flows with chemical reaction has numerous 

applications in many branches of engineering 

science including hypersonic aerodynamics [1, 

2], geophysics and volcanic systems , catalytic 

technologies  and chemical engineering 

processes . Many such studies have been done 

with boundary layer theory. Acrivos [3] studied 

the laminar boundary layer flow with fast chemi-

cal reactions. Takhar and Soundalgekar [4] stu-

died the diffusion of a chemically-reacting spe-

cies in laminar boundary layer flow with suction 

effects. Later Merkin [5] considered isothermal 

reactive boundary layer flows. More recently 

Shateyi et al  has studied chemically-reactive 

convective boundary layer flows using asymptot-

ic analysis.  

 Little work has been done in analysing the 

chemically-reactive boundary layer flow in por-

ous media, a topic of great importance in e.g. 

packed-bed transport processes, geological con-

tamination and also industrial materials 

processing. Pop et al  investigated the effects of 

both homogenous and heterogeneous chemical 

reactions on dispersion in porous media using a 

Darcian formulation. Aharonov et al  studied the 

three-dimensional reactive flow in porous media 

with dissolution effects. Later Fogler and Fredd  

analyzed the chemically-reactive flow in porous 

media.  

 These and many later studies however did 

not consider the influence of chemical reaction 

or species transfer on the flow regime.  

2. Mathematical model 

Consider the 2-D, laminar boundary layer 

flow and mass transfer of a micropolar chemical-

ly-reacting fluid past a vertical stretching surface 

embedded in a porous medium. The x-axis is lo-

cated parallel to the vertical surface and the y-

axis perpendicular to it. We assume constant mi-

cropolar fluid properties throughout the medium 

i.e. density, mass diffusivity, viscosity and chem-

ical reaction rate are fixed. Concentration of spe-

cies in the free stream i.e. far away from the 

stretching surface, is assumed to be infinitesimal 

(zero), and defined as C. Temperature in the 

free stream is taken as T. The governing boun-

dary layer equations for the flow regime, illu-

strated in Fig. 5.1, incorporating a linear Darcian 

drag and  a second-order Forchheimer drag, 

takes the following form, under the Boussinesq 

approximation: 

Continuity eq.  

0
u v

x y

 
 

 
                                           (1) 

Momentum equation 

   
2
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1 12
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p p
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                                                                 (2) 

Angular Momentum 
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Energy equation 
2

2

h h h
u v

x y y


  
 

  
     (4) 

Spices equation 
2

2

c c c
u v D c

x y y

  
   

  
      (5) 

The corresponding boundary conditions on the 

vertical surface and in the free stream can be de-

fined now as: 

0 : ( ) , 0 , , ,w w

u
y u U x ax v h h c c N s

y

 
         

 

                                                                      (6) 

: 0, , , 0y u h h c c N       ,                                                                 

                                                                       (7) 

by introducing the following transformations:  
1/ 2 1/ 2

1

1

1
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w w

U x
xU x f Y Y y u v

x y x

h h c cU x
N U x g Y C

x h h c c

 
 






 

 

 
    

 

 
  

 

                                                                       (8) 

Equation (8) reduces the above set of equations 

Conservation of Momentum:  
3 2

2 2

13 2

1
( ) Re Re ( ) 0

Re

x
x x x x

x x x

Fnd f dg d f df df df
B f Gr Gc C

dY dY dY dY Da dY Da dY
       

                                                                       (9) 

Conservation of Angular Momentum:  
2 2

2 2
(2 ) 0

d g d f df dg
g g f

dY dY dY dY


     


  (10)                                                           

Conservation of Energy: 
2

2
Pr 0

d d
f

dY dY

 
                                        (11) 

Conservation of Species: 
2

2
[ Re ] 0x

d C dC df
Sc f Sc C C

dY dY dY
    (12)                                                                     

The corresponding boundary conditions (6)-(7) 

are transformed as follows: 

At  
2

2
0 : (0) 0; (0) 1; (0) 1; (0) 1; (0) (0)

df d f
Y f C g s

dY dY
      

                                                                    (14) 

As  

: 0; 0; 0; 0.
df

Y C g
dY

     

                                                                        (15) 

The shear stress on the sheet surface is defined 

as: 
1/ 2 1/ 2

1 10

( ) ( ) (0) (0)
2

w

y

du U U
N U f U f

dy x x


     

 


     
                   

,   at s = 0.5  

                                                                        (16) 

whereas the skin friction coefficient is defined 

by: 

 
1/ 2 1

2
Re 1 (0)

2

w
f f x

B
C C f

u





 
    

 
.                                                                                                                                               

The Local Nusselt number can be written as:  

 
1/ 2

Re (0)
f

x x

h x
Nu

k
   .                                                                                                           

3.  Numerical solution: 

Finite element solution to the governing flow 

equations (9) to (12) with corresponding boun-

dary conditions (14) and (15) has been obtained . 

Each element matrix given by equation (41) is of 

the order10 10 . Here, we divide the whole do-

main into 80 equal line elements. A matrix of 

order 405 405 is attained on assembly of all the 

element equations. The nonlinear system ob-

tained after assembly is linearized by incorporat-

ing the functions f andU , which are assumed to 

be known. Here if  and iU  are the value of the 

functions f  and U  at the i
th

 node.  A system of 

346 equation left after applying the given boun-

dary conditions is solved using an iterative 

scheme maintaining an accuracy of 0005.0 .   

 

4. Results and Discussion 

The following parameter values are adopted 

in the computations, viz, Grx = 1.0, Gcx = 1.0,  

= 1.0, Dax = 1.0, Fnx= 1.0, Rex= 1.0, Pr = 0.7, 

Sc = 0.1, B1 = 0.01,  = 1,  = 1 and s = 0.5. 

The results are computed to see the effect of se-

lected important parameters namely Grx, Gcx,  , 

Dax, Fnx, Rex, Pr, Sc, B1,  ,  and s .  



26 

 

In Fig. 5.2, the variation of velocity versus Y, 

for various values of the chemical reaction num-

ber () are shown. A rise in  generates a sub-

stantial decrease in velocities. For all values of  

the profiles descend from unity at the wall (Y = 

0), and tend asymptotically to zero at the frees-

tream (Y ). Therefore clearly chemical reac-

tion induces a deceleration in the flow field. In 

equation (12) we observe that the chemical reac-

tion term is negative and indeed opposite to the 

principal diffusion terms. Therefore logically, 

chemical reaction will delay diffusive transport 

which in turn will correspond to retardation in 

the flow field. Therefore maximum velocity val-

ues correspond to the case of zero chemical reac-

tion i.e.  = 0.  

Conversely, we observe that temperature 

function profiles i.e. θ increase with a rise in 

chemical reaction parameter, as depicted in Fig. 

5.3. The profiles are not as widely dispersed as 

for the velocity distributions; however there is a 

clear boost in temperatures especially at inter-

mediate separation from the wall. Our results 

agree quite well for both velocity and tempera-

ture distributions with those due to Afify [4] who 

considered chemical reaction effects on free 

convective flow and mass transfer of a viscous, 

incompressible and electrically conducting fluid 

over a stretching surface in the presence of a 

constant transverse magnetic field. Temperature 

profiles generally are lower in case with no 

chemical reaction.  

The influence of other parameter are studied 

here                                                                                      

5. Conclusions   

The numerical simulations indicate that:        

(a) Translational velocity decreases, temper-

ature increases, micro-rotation increases 

(in the near-field and intermediate range 

from the wall) and mass transfer function 

decreases with a rise in chemical reaction 

parameter (). 

(b) Increasing thermal Grashof number Grx, 

increases the translational velocity, de-

creases temperature function values and 

decreases micro-rotation, the latter in the 

regime near the wall. 

(c) Increasing species Grashof number Gcx, 

increases translational velocity, decreases 

temperature, decreases mass transfer 

function and lowers the micro-rotation at 

the wall. 

(d) Increasing local Darcy number Dax, in-

creases translational velocities but reduc-

es temperature and micro-rotation, in the 

latter case, again the depression is max-

imized at the stretching surface (wall). 

(e) Increasing local Forchheimer number 

Fnx, reduces translational velocities, but 

boosts the micro-rotation, in the latter 

case especially at the wall and near the 

wall.  

(f) Increasing Schmidt number reduces mass 

transfer function both in the reactive and 

non-reactive flow cases, although mass 

transfer function values are always higher 

for any Sc value in the non-reactive case 

( = 0). 

(g) Increasing Prandtl number substantially 

reduces temperature function ( ). 

(h) Increasing the surface parameter substan-

tially increases micro-rotation g, particu-

larly at and near the wall. 

(i) An increase in ,x xGr Gc  and xDa lead to 

an increase in coefficient of skin friction 

and the rate of heat transfer. 

(j) Coefficient of skin friction and rate of 

heat transfer decreases with the increase 

in chemical reaction parameter.   

 



27 

 

0

0.5

1

0 4 8

  = 0

   = 1

  = 5

   = 10

  = 20

s = 0.5, Sc = 0.1, Pr = 0.7, Rex = 1, Da = 1, Fnx = 1, Gcx = 1, 

B1 = 0.01, Λ =1,  = 1, Grx = 1 

Y

U

Fig. 5.2  Velocity distribution for different 

 

 

0

0.5

1

0 4 8

  = 0

 = 1

 = 5

  = 10

  = 20

s = 0.5, Sc = 0.1, Pr = 0.7, Rex = 1, Da = 1, Fnx = 1, Gcx = 1, 

B1 = 0.01, Λ = 1,  = 1, Grx = 1 

 Y

θ

Fig. 5.3  Temperature distribution for different 

 

. 

0

0.8

1.6

0 4 8

Grx = 10

 Grx = 5

Grx = 3

 Grx = 2

Grx = 1

s = 0.5, Sc = 0.1, Pr = 0.7, Rex = 1, Dax = 1, Fnx = 1, Gcx = 1, 

B1 = 0.01, Λ = 1,  = 1,  = 1 

 Y

U

Fig. 5.6  Velocity distribution for different Grx

 
 

0

0.5

1

0 3 6

Grx = 10

Grx = 5

Grx = 3

 Grx = 2

Grx = 1

s = 0.5, Sc = 0.1, Pr = 0.7, Rex = 1, Da = 1, Fnx = 1, Gcx = 1, 

B1 = 0.01, Λ =1,  = 1,  = 1 

Y

θ

Fig. 5.7  Temperature distribution for different Grx

 
 

 

-1.2

-0.4

0.4

0 3.5 7

 Grx = 10

Grx = 5

Grx = 3

 Grx = 2

Grx = 1

s = 0.5, Sc = 0.1, Pr = 0.7, Rex = 1, Da = 1, Fnx = 1, Gcx = 1, 

B1 = 0.01, Λ
 
= 1, = 1,  = 1 

Y

g

Fig. 5.8  Microrotation distribution for different Grx

 
 

0

0.55

1.1

0 4 8

Dax = 5

Dax = 2

Dax = 1

Dax = 0.5

Dax = 0.1

  s = 0.5, Sc = 0.1, Pr = 0.7, Rex = 1,  Fnx = 1, Grx = 1, Gcx = 1,

 B1 = 0.01, Λ = 1,  = 1,  = 1 

 Y

U

 Fig. 5.11 Velocity distribution for different Dax

 
 



28 

 

0

0.5

1

0 4 8

s = 0.5, Pr = 0.7, Rex = 1, Dax = 1, Fnx = 1, Grx = 1, Gcx = 1,

 B1 = 0.01, Λ = 1,  = 1,  = 1 

 Sc = 0.1

Sc = 0.5

Sc = 1

Sc = 2

Sc = 5

Sc = 10

 Y

C

Fig. 5.16 Concentration distribution for different Sc

 
 

0

0.5

1

0 4 8

 Sc = 0.1

Sc = 0.5

Sc = 1

Sc = 2

Sc = 5

Sc = 10

s = 0.5, Pr = 0.7, Rex = 1, Dax = 1, Fsx = 1, Grx = 1, Gmx = 1, 

B1 = 0.01, Λ =1,  = 1,  = 0 

Y

C

Fig. 5.17 Concentration distribution for different Sc

 
 

 

0

0.5

1

0 4 8

Pr = 0.02

Pr = 0.05

Pr = 0.1

Pr = 0.4

 Pr = 0.7

 Pr = 1

s = 0.5, Sc = 0.1, Rex = 1, Dax = 1, Fnx = 1, Grx = 1, Gcx = 1,

 B1 = 0.01, Λ = 1,  = 1,  = 1 

  Y

θ

Fig. 5.18  Temperature distribution for different Pr

 
 

0

0.26

0.52

0 4 8

s = 1.0

s = 0.75

s = 0.5

s = 0.25

s = 0.0

          Sc = 0.1, Pr = 0.7, Rex = 1, Dax = 1, Fnx = 1, Grx = 1, Gcx = 1, 

B1 = 0.01, Λ = 1,  = 1,  = 1 

 Y

g

Fig. 5.19  Microrotation distribution for different s

  
 

6. References 

[1] E. Bertolazzi, Int. J. Num. Meth. Heat Fluid 

Flow, 8 (8) (1998) 888-933. 

[2] J.O. Keller and J.W. Daily, The AIAA J., 23 

(1985)1937-1945.  

[3] A. Acrivos, Chem. Eng. Sci. 13 (1960)  

[4] H.S. Takhar and V.M. Soundalgekar, Aero-

technica Missili E. Spazio.  58 (1980) 89-92. 

[5] J.H. Merkin  and M.A. Chaudhary, Q. J. Me-

chanics Applied Math. 47 (1994) 405-428. 

[6] M.Q. Aliodat and T.A. Al azab, Emirate 

J.Engg Research. 12(3) (2007) 15-21. 

 



29 

 

Free energy calculations for diblock copolymers in the confinement of 

two surfaces covered with end-tethered chains 
Bontapalle Sujitkumar and Upendra Natarajan* 

Department of Chemical Engineering,  

Indian Institute of Technology Madras, Chennai, India  

*Corresponding author: unatarajan@iitm.ac.in 
 

Abstract  
A lattice based model of diblock copolymer melt intercalation in the surfaces covered with end-

tethered chains. Free energy and free energy change is calculated based on the basic lattice and scaling 

concepts. In general, the entropic and energetic factors determine the free energy of the systems. Free 

energy and free energy change curves and their dependence on entropic and energetic factors have been 

studied.   

Keywords: Diblock copolymer; free energy; modeling; lattice theory; scaling theory 

 
1. Introduction 

In this paper we develop a model for a system 

of diblock copolymer melt intercalated between 

the surfaces covered with end-tethered chains as 

shown in Fig.1. In section2 the detailed model has 

been discussed, section3 contains the results and 

the last section includes the concluding remarks. 

 
Figure 1: System under consideration 

1.1 Model: Let us consider two surfaces 

containing end-tethered flexible molecules 

(End-tethered chains) i.e. Ng/2 tethered chains 

on each surface, each chain having ng 

segments, held at a distance greater than the 

Radius of Gyration[1]Rg of tethered chains, 

where Rg scales as,                                                                                                                                                                          

                                           (1) 

with “a” being monomer size on the lattice. We 

have considered a lattice of M layers and L 

number of lattice sites in each layer [2].  

We make the following assumptions for 

this the model: (1) Tethered chains are sparsely 

distributed; hence the self interaction between the 

segments of tethered chains is not effectively 

considered; (2) Tethered chains are athermal with 

respect to the surfaces. The thermodynamic Weak 

Segregation limit is modeled here. In the study of 

molecular statistical thermodynamics, the starting 

point is a form of the free energy change 

(Minimum free energy change) containing 

physical contributions as well as interactive 

contributions. The system considered here is a 

grand canonical one. Physical contributions 

contain entropy of the system. The enthalpy 

contributions are the interaction energy and elastic 

energy for the stretching of tethered chains and for 

free chains in respect of segregation limits. The 

free energy change includes, the free energy for 

the system of the block copolymer melt in the 

confinement of surfaces covered with the tethered 

chains G1, and the reference states, the free energy 

for the system containing the surfaces covered 

with tethered chains G2 and the free energy for the 

diblock copolymer melt G3. Using the Scheutjens 

Fleer’s lattice theory [2]and scaling [1]concept 

G1[4]is modeled, using the Scheutjens Fleers [2] 

lattice theory G2 [4]is modeled and using the 

model of ohta and Kawasaki [3] G3 [4] is 

modified. The free energy change can be 

calculated as 

 

                                         (2) 

For the minimization of the Free energy change, 

we have 

                                                         (3) 

2. Results 
 The variable parameters in this system are øA 

fraction of A block chain segments, øB fraction of 

B block chain segments, øf overall fraction of free 

chain segments, øg fraction of end-tethered chain 

segments, χgA Flory-Huggins interaction parameter 

between tethered and free A block copolymers, χgB 
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Flory-Huggins interaction parameter between 

tethered and free B block copolymers, χAB Flory-

Huggins interaction parameter between free A and 

free B block copolymers, χAA Flory-Huggins 

interaction parameter between self interaction of 

free A block copolymers, χBB Flory-Huggins 

interaction parameter between self interaction of 

free B block copolymers, N number of chains, n 

number of chain segments in a chain, σ tethering 

chain density, L number of lattice sites in each 

layer and M number of lattice layers. Using the 

various values of σ and substituting them in 

equation 3, the corresponding values of are 

obtained and using eq.2, ΔGmin is calculated. The 

minimum free energy profiles for changes in 

interaction parameters (Fig.2), for changes in the 

length of the free chains (Fig.3), for changes in the 

length of the tethered chains (Fig.4), for changes 

in the distance between the plates (Fig.5) are 

shown. 

 
Fig.2 

 
Fig.3 

 
3. Conclusion 
From above results, it can be concluded that the 

minimum free energy change can be calculated 

using the, 

1) Maximum values of interaction parameters. 

2) Maximum value of free chain length 

3) Minimum value of end-tethered chain length. 

4) Minimum distance between the plates. 

5) Minimum tethered chain density.  

 

 
Fig.4 

 
Fig.5 
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Abstract 

This study was undertaken to assess the potential of highly substitute acetylated sago starch (SS) to be used 

as platform for controlled drug delivery. The acetylated sago starch was synthesized and the two parameters i.e. 

duration of reaction and temperature were optimized. FT-IR spectra showed the corresponding group attachment 

in the modified form. XRD pattern exhibits change in the physical nature i.e. from crystalline to amorphous. 

Swelling, hydration and viscosity value exhibits decrease in the respective values in comparison to its native 

form which is due to decrease in hydrophilicity value. 

Keywords:  Sago starch, Acetylation, Optimization, FT-IR, XRD, Degree of substitution. 
 

1.  Introduction  

 In the last few decades, a new generation of 

biomaterial has been introduced as polymer for 

controlled release application. Different tech-

niques have been applied to alter native biopo-

lymers. Starches are an interesting group of na-

tive biomaterials for these objectives. Acetyla-

tion changes the nature of native starch from hy-

drophilic to hydrophobic. This modification con-

sequently inhibits the characteristic swelling and 

gel layer formation of native starches. This in-

creased hydrophobicity for starch acetate with 

higher degree of substitution, makes the bioma-

terial suitable for controlled release polymer in 

solid dosage forms
1,2

. 

 Sago starch (SS) commercially isolated from 

Metroxylan sagu Roxb.which is a rich source of 

starch. This palm tree is well distributed 

throughout Southeast Asian region. 

 The objective of this study was to chemically 

modify the SS with high degree of substitution 

and physicochemical characterization for its sui-

tability in biomedical/pharmaceutical. 

 

2. Experimental 

 Acetylation: The starch was treated with 

acetic anhydride in the presence of pyridine. 

 
Firstly starch (50g) was pregelatinized and pre-

cipitated with alcohol and finally washed with 

distilled water. The prepared gel mass was dried 

in the oven at 450C overnight. The hard cake of 

pregelatinized starch was grinded in a mixer 

grinder and the powder was passed through sieve 

#80. The fine powder was mixed with 200 ml 

pyridine and after 15 min. 100 ml acetic anhy-

dride was added and then it was heated for 1-6 hr 

and from 50-100
0
C..After completion of the 

reaction wet mass was precipitated with alcohol 

and washed till no smell of pyridine was ob-

served and finally dried at 350C for 48 hr in hot 

air oven. 

2.1 Physicochemical characterization: To cha-

racterize the modify starch XRD, FT-IR, viscosi-

ty, swelling and hydration study was carried out. 

 

3. Results and Discussion 

Chemical modification of SS was carried out 

and it was found that at 100
0
C and reaction dura-

tion of 4hr produces highest substituted deriva-

tive. The degree of substitution was measured by 

titrimetric analysis. For group attachment con-

firmation FT-IR was carried out and the mod-

ified form shows absorption peak at 1743.6 for 

acetylic group. XRD pattern shows total disap-

pearance of crystalline region and transforming 

into amorphous, which might be due to group 

attachment and pregelatinization. 

 Hydration capacity of the starch is an indirect 

technique to evaluate water holding capacity. 

From the results it can be concluded that due to 

hydrophobicity of the acetylated derivative less 

hydration was observed and similar results were 

found with their viscosity determination. Due to 

hydrophilic nature of cross-linked derivative a 

firm gel was formed during hydration experi-
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ment and similar results were found in the vis-

cosity behavior 

 

 

 

 
 

 

Figure 1.  XRD Pattern of. Modified starches 

 

 

 

 
 

Figure 2.  FT-IR Pattern of. Modified starches 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4. Conclusions 

 In the foregoing study, acetylated sago starch 

with degree of substitution 2.6 was synthesized 

and reaction parameters were optimized for the 

same. Modification was confirmed with the ti-

trimetric analysis and FT-IR. The modified 

starch was more amorphous as compared to the 

crystalline native sago starch. The swelling, hy-

dration and viscosity values were lower than the 

native form. 
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Abstract 
 

In the present study, the Neural network (NN) based MVSISO (multivariable single input single output) control-

ler design has been implemented for a non-linear continuous bioreactor process. Multilayer feed forward net-

works (FFNN) were used as direct inverse neural network (DINN) controllers, which used the inverse dynamics 

of the decoupled process. For set point tracking; at an operating condition where the cell growth is substrate li-

mited, the DINN controllers were designed for conventional turbidostat and concentration nutristat configura-

tions. DINN controllers performed effectively well for set-point tracking. 
 

Keywords: MVSISO; NN; DINN; turbidostat; Control; nutristat. 

 

 

Introduction  
 

In the recent years, there have been significant 

advances in control system design for non-linear 

processes. One such method is the non-linear inverse 

model based control strategy. Neural networks (NN) 

have the potential to approximate any non-linear sys-

tem including their forward & inverse dynamics. The 

inverse dynamics of the decoupled input-output pairs 

have been used as controllers. For training the neural 

networks, the process input-output data is generated 

by applying a pseudo random binary signal to the 

open loop decoupled process and the learning is car-

ried out by considering the future process outputs as 

the reference set point. Application of NN based con-

trollers in chemical processes have gained huge mo-

mentum as a result of focused R&D activities taken 

up by several researchers including Donat et al. 

(1990); Dirion et al. (1995); Hussain et al. (2001); 

over the decade.  

Several researchers have studied the continuous 

bioreactor problem. Cell mass (X g/L, as x1, & y1) & 

substrate concentrations (S g/L, as x2, & y2) are con-

trolled with two manipulated variables, dilution rate (  

�,as u1) and feed substrate concentration ( ���, as 

u2), respectively, thus two degrees of freedom is 

available. Based on the relative gain array (RGA) y1-

u2 and y2-u1 pairings are also possible. 

 

Modelling 

 
The following model equations were used for conti-

nuous bioreactor process simulation.  

���
�� 	 
� � ��� (1),   

���
�� 	 ����� � ��� �

���
�     (2) 

� 	 ������
����������� (3), �� 	 ����. (4), where � specific 

growth and � is the yield.  The steady state data 

which were considered x1s = 0.38 g/L, x2s = 0.05 g/L, 

�� =0.17 h
-1
, ���� 	 ����g/L. The nominal model 

parameters used were � !� 	 ��"�#$�% �& 	
����'()% � 	 ��* ++��  To avoid control loop interaction 

ideal decoupling was used & proposed control confi-

guration is shown in Fig.1. The idea was to develop 

synthetic manipulated inputs ,-. that affect only one 

process output each. For a (2×2) system the following 

relations hold.�/0�
1�is scaled process gain matrix. 

23�
13�
14 	 /0�
1�
1 2
,�.
1
,�.
14   (5). The target ma-

trix; /0�
1�
1 	 56��
1 �
� 6��
17, hence 

�
1 	 56��88888
1 �
� 6��88888
17 /0�

$�
1  (6). Assuming 

perfect model each output is related to the corres-

ponding synthetic inputs in the following way, 

3�
1 	 6��88888
1,�.
1 & 3�
1 	 6��88888
1,�.
1   (7). 

The independent SISO tuning parameters can be used 

for each control loop, hence independent NN based 

SISO controllers can be designed for each control 

loops of the multi-loop controlled process taken up. 

The NNs were trained with input-output data gener-

ated from the decoupled open loop process equation 

(eq. (7)) representing its inverse dynamics. Hence the 

resulting inverse NN model can be used as a control-

ler typically in a feed forward fashion. In the present 

study, the training as well as testing database was 

created by exciting the decoupled open loop process 

                                  

                                                                                     



 

with pseudo random binary signals (PRBS). In order 

to develop DINN controller, the training of the pro-

posed multi layer FF NN (4, 3, and 1) was performed 

using the Levenberg-Marquardt method. The network 

predicted the outputs of the controller (�%9����) 
which actually are the manipulated variable to the 

process. The inputs and outputs of NN (N1, N2 & 

N3) during the training & control:  

Training Phase: 
 :� 	 ;3
<% 3
< � �% 3
< � =% ,
< � =>�9���:? 	
,
< � �          (8)  

Control Phase:  

:� 	 ;3
< @ �% 3
<% 3
< � �% ,
< � �> &   

 :? 	 ,
<       (9) 

Results and Discussion 

 
The response of both P control and DINN control for 

a set point change from 0.38 to 0.35 g/L   (in Bio-

mass) & 0.05 to 0.03 g/L in substrate concentration at 

t=10 
th
 and 20

th 
sampling instant are shown in Figs.2 

& 3, respectively, which reflect perfect set point 

tracking by NN controllers for a conventional turbi-

dostat and concentration nutristat, respectively. For 

training, the sampling time was 0.8 time unit and 2 

time unit for simulation. The networks were simu-

lated up to 80 time units. 

 

Conclusions 

 
An NN based non interacting controller design has 

been proposed for MIMO system. For a MVSISO 

system (2×2), Multi loop control configuration was 

ascertained using SISO neural network based control-

lers, considering the inverse dynamics of the de-

coupled process. DINN controllers performed effec-

tively for set-point tracking while compared to con-

ventional Proportional controllers. 
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Abstract 
In this paper, simulation studies of a reactive distillation column for isopropyl acetate production from 
isopropnol and acetic acid has been studied. A dynamic model has been developed, which is based on 
reaction kinetics and incorporates vapor - liquid equilibrium on each tray. A MATLAB® program was 
written to solve the resulting ordinary differential equations.  A Simulink® model was developed to 
run in the dynamic mode. The dynamic simulation has been used to understand the effect of recycle 
ratio, reflux ratio, feed tray location, molar ratio of isopropanol to acetic acid, pressure, and total num-
ber of trays. The objective of this study is to increase the concentration of isopropyl acetate in the dis-
tillate and increase isopropanol conversion. Sensitivity analysis of various operating parameters of re-
active distillation column has shown that variation of these parameters implies a larger impact on pu-
rity of isopropyl acetate (IPAc). 
Keywords: Reactive distillation, esterification, isopropyl acetate, sensitivity analysis, simulink 
 

 
1.Introduction 
  Reactive distillation (RD) column combines 
the key operations of most chemical processes 
into one unit: chemical reaction and distillation. 
The combination of reaction and distillation 
helps in achieving products of higher purity and 
higher conversion of reactants as compared to 
old conventional processes. The information re-
lated to isopropyl acetate synthesis with acetic 
acid in a reactive distillation column is rarely 
found in the literature except for the vapor-liquid 
equilibrium (VLE) and kinetics data [1, 2]. Sev-
eral literature papers are available on RD process 
design [3-5], but few papers have reported the 
sensitivity analysis of RD columns [6-9].  In this 
paper, sensitivity analysis of reactive distillation 
column for isopropyl acetate synthesis with ace-
tic acid and isopropanol is studied.   
 
2.Process Description 

A dynamic model has been developed and 
the resulting ordinary differential equations are 
solved by using MATLAB®. A Simulink® 
model file was developed to be run in the dy-
namic mode. The column specifications are tak-
en from literature. Total number of stages con-
sidered in this study is 14. Feed location for 

heavy reactant acetic acid (HAc) is stage 3 and 
for light reactant isopropanol is from reboiler, 
because we have a largest catalyst holdup in the 
reboiler. Overhead column containing an isopro-
pyl acetate plus water produced by the esterifica-
tions reaction and small amount of unreacted al-
cohol is condensed and directed to decanter 
which serves to separate the organic and aqueous 
layers of the reaction product mixture. The or-
ganic phase contains isopropyl acetate and small 
amount of water and alcohols.  Whereas the 
aqueous phase contains about 90-99% water and 
the remaining is alcohol and acetate. 
 

Isopropyl acetate system exhibits non ideal 
phase behavior and has four azeotropes in this 
system. The NRTL (non-random two-liquid) ac-
tivity coefficient model parameters are taken 
from the paper by Venimadhavan et al [10]. The 
esterification of acetic acid (HAc) with isopro-
panol (IPOH) can be expressed in the following 
form: 
Acetic acid + Isopropanol ↔ Isopropyl acetate + 
water 

The chemical reaction kinetic model is 
adopted from the paper by Tang et al [3]. They 
used a solid acid catalyzed reaction with acidic 
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ion-exchange resin (Amberlyst 35 wet, Rohm 
and Hass). 
3.Simulation Results 
3.1.Effect of reflux ratio: Isopropyl acetate yield 
and composition in the product after decanter 
increases initially and then decreases beyond a 
reflux ratio of 1.5 with increase in the reflux ra-
tio as shown in Fig. 1. Maximum composition of 
isopropyl acetate of around 83.9% was observed 
at reflux ratio of 1.5 

0.124
0.126

0.128
0.13

0.132

0.134
0.136

0.138
0.14

0 1 2 3 4 5 6

Reflux  ratio

Yi
el

d 
of

 IP
A

c

 
Figure 1. Effect of reflux ratio on isopropyl ace-
tate yield in distillate. 
 
3.2.Effect of recycle ratio: Isopropyl acetate 
yield and composition in the product decreases 
continuously with increase in the recycle ratio as 
shown in Fig. 2. The result shows that recycle 
ratio should be low for high product purity. 
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Figure 2. Effect of recycle ratio on isopropyl ace-
tate composition in distillate. 
 
 
3.3.Effect of molar ratio of isopropanol to acetic 
acid: Isopropyl acetate yield increases continu-
ously with increase in molar ratio of isopropanol 
to acetic acid in feed as shown in Fig. 3. The re-
sult shows that a slight excess of isopropanol is 

favorable because it facilitates liquid-liquid sepa-
ration. 
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Figure 3. Effect of molar ratio of isopropanol to 
acetic acid 
 
3.4.Effect of feed tray location: Adjusting the 
feed tray location implies a good effect on 
achieving product yield. A close inspection of 
Fig. 4 reveals that isopropyl acetate composition 
initially increases and then decreases continu-
ously with increase in feed tray location of acetic 
acid.  
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Figure 4. Effect of acetic acid feed plate location 
on yield of Isopropyl acetate keeping isopropa-
nol feed plate position fixed at 15th plate. 
 
3.5.Effect of Pressure: Isopropyl acetate yield 
increases continuously with increase in the pres-
sure as shown in Fig. 5. The results show the 
high sensitivity to pressure. 
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Figure 5. Effect of pressure on yield of Isopropyl 
Acetate  
 
3.6.Effect of total number of trays: Isopropyl 
acetate yield and composition increase with in-
crease in total number of trays as indicated in 
Fig. 6. However there is only marginal increase 
in the yield beyond 19 trays. Therefore, selection 
of 19 trays is almost optimum. 
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Figure 6. Effect of total number of trays on 
product yield 
 
4. Conclusions 

Sensitivity analysis of various operating pa-
rameters namely feed tray location, reflux ratio, 
recycle ratio, molar ratio of isopropanol to acetic 
acid, pressure, and total number of trays of reac-
tive distillation column has shown that variation 
of these parameters implies a larger impact on 
purity of isopropyl acetate (IPAc).  According to 
the results, Acetic acid should be fed at the upper 
tray and isopropanol should be fed at the bottom 
tray. Reflux ratio of 1.5 is found to be optimum 
for getting the highest composition. Recycle ra-
tio should be minimum. Molar ratio of isopropa-

nol to acetic acid should be kept more than 1. 
The optimum number of trays is found to be 19. 
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Abstract 

Banana is a major commercial crop of tropical and subtropical countries generating vast agricul-
tural waste after harvest. Banana fruit stalk after harvest was used as substrate for the production of 
cellulase enzyme through solid state fermentation using Cellulomonas uda NCIM 2353. Response sur-
face methodology (RSM) involving Box-Behnken design was applied for the optimization of medium 
constituents for cellulase production. A polynomial model was created to correlate the relation between 
the three important variables (moisture content, concentrations of glucose and beef extract) and the cel-
lulase produced. The optimal set of conditions for maximum cellulase production was as follows: 
moisture content (83.4 % v/w), glucose (1.05 % w/w) and beef extract (1.09 % w/w). The maximum 
activity of cellulase at these optimum conditions was 10.06 U/ml. This method was efficient because 
only 15 experimental runs are necessary to assess these conditions and the model accuracy was very 
satisfactory, as the coefficient of determination, R2 was 0.973.  
Keywords: Optimization, Response surface methodology, Box-Behnken design, Cellulase, Cellulomo-
nas uda NCIM 2353, Banana fruit stalk. 

 
1. Introduction 
 To date, the production of cellulase has been 
studied in submerged culture process but the rel-
atively high cost of enzyme production hindered 
in industrial application of cellulose bioconver-
sion. Solid state fermentation is an attractive 
process to produce cellulase economically due to 
its lower capital investment and lower operating 
to produce microbial enzymes using lingo-
cellulosic wastes. Banana (Musa sopiestum) fruit 
stalks abundantly available in banana production 
fields and markets, appears to be favorable sub-
strate for cellulase production, as it is cheaply 
available in the tropical and subtropical countries 
and has a cellulase content of 23.85% [1].   

The traditional one factor at a time technique 
used for optimizing a variable system is not only 
time consuming but also often easily mixes the 
alternative effect between the components and 
also it requires more number of experiments to 
determine the optimum levels. The drawbacks 
can be eliminated by optimizing all the effecting 
parameters collectively by response surface me-
thodology (RSM) which includes factorial de-
sign and regression analysis.  

The present work aim at a better understand-

ing of the relation between the important inde-
pendent variables (nutrients) and dependent vari-
able (activity) to determine optimum set of con-
ditions for the maximum production of cellulase 
from Cellulomonas uda NCIM 2353 using Box-
Behnken design.  

 
2. Experimental 
2.1 Microorganism: Pure culture of Cellulomo-
nas uda NCIM 2353 was procured from NCL, 
Pune, INDIA. 
2.2 Substrate: Banana fruit stalk was collected 
from local market. It was sliced, spread on trays 
and oven dried at 500C for 48 hrs, grounded and 
stored at room temperature. 
2.3 Enzyme production in SSF: Erlenmeyer 
flasks (250ml) containing 10 g of banana fruit 
stalk moistened with mineral salt medium [(g/L); 
Na2HPO4.2H2O, 1.1; NaH2PO4.2H2O, 0.61; KCl, 
0.3; MgSO4.7 H2O, 0.01; pH (7.0)] with initial 
moisture content of 65 % were autoclaved. 10 % 
(v/w) of the inoculum was inoculated and the 
contents of the flasks were mixed thoroughly to 
ensure uniform distribution of inoculum and in-
cubated in a slanting position at 350C for 72 hrs.  
2.4 Enzyme extraction: Enzyme extraction was 
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carried out by adding 30 ml of 0.1M phosphate 
buffer (pH 7.0) and then shaking the mixture on 
an orbital shaker (120 rpm) for 60 min at 280C. 
The contents were filtered through cheese cotton. 
The filtrate was pooled together, centrifuged and 
the supernatant was used for enzyme assay. 
2.5 Optimization of selected nutrients using 
RSM: Box-Behnken design and RSM were used 
to optimize the selected factors (moisture con-
tent, concentrations of glucose and beef extract) 
which resulted from the preliminary studies. The 
ranges of selected variables were given in Table 
1. 
2.6 Enzyme assay: Cellulase activity was deter-
mined at 400C by incubating 1 ml of enzyme so-
lution with 1 ml of 0.1M potassium phosphate 
with pH (8.0) containing 1 % w/v cellulose.  
 
3. Results and discussion 

The nutrient composition in the medium for 
the production of cellulase by Cellulomonas uda 
was optimized using Box-Behnken design with 
middle range parameters, as it is a powerful 
technique for testing multiple process variables. 
Experiments were carried out as per the design 
and the average cellulase activity obtained after 5 
days fermentation with 15 experiments in tripli-
cate from the chosen experimental design are 
shown in Table 2. The application of RSM [2] 
yielded the following regression equation, which 
is an empirical relationship between the activity 
and test variables in coded units: 
Y= -208.8 + 2.76 X1 + 109.7 X2 + 83.46 X3 + 
0.045 X1X2 – 0.26 X1X3 – 3.43 X2X3  0.015 X1X1 
– 51.9 X2X2 – 26.53 X3X3   
Where Y= cellulase activity, X1, X2 and X3 are 
the coded values of the moisture content, con-
centrations of glucose and beef extract, respec-
tively. 

Statistical testing of the model was done by 
the Fischer’s statistical test for analysis of vari-
ance (ANOVA) and the results are shown in Ta-
ble 3. The calculation of regression analysis 
gives the value of the determination coefficient 
(R2 = 0.973) indicates that only 2.7 %  of the to-
tal variations are not explained by the model and 
the F-value of 97.88 indicates that the cellulase 

production by Cellulomonas uda has a good 
model fit due to the high values of  R2 and F.  

The p-values are used as a tool to check the 
significance of each coefficient, which also indi-
cate the interaction strength between each inde-
pendent variable. The smaller the p-values, the 
bigger the significant of the corresponding coef-
ficient [3]. Table 4 showed that the regression 
coefficients of the linear terms (X1, X2, and X3) 
and the quadratic coefficients (X1X1 and X2X2) 
were significant at 1% level and a quadratic term 
(X3X3) was significant at 5% level. 

 Response surface plots as a function of two 
factors at a time, maintaining all other factors at 
fixed levels (zero for instance) are more helpful 
in understanding both the main and the interac-
tion effects. The activity values for different 
concentration of the variable can also be pre-
dicted from the respective response surface plots 
(Fig. 1).  

The analysis revealed a maximum cellulase 
activity of 10.06 U/ml which was 5.34 % more 
than that of the run number (13) achieved at the 
points where moisture content, concentrations of 
glucose and beef extract were 83.4 %v/w, 1.05 % 
w/w and 1.09 % w/w, respectively. The final ex-
periment repeated at the optimal settings of the 
process variables produced cellulase activity of 
9.89 U/ml which was quite closer to the optimal 
value predicted by the Box-Behnken design. 

 
 
Fig. 1: The surface plots describing the effect of 
three independent variables on chitinase activity 
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Table 1: Variables in the experimental plan 

Coded levels Variables 

-1 0 +1 

Moisture content 
(%v/w) 

70.0 80.0 90.0 

Glucose (% w/w) 0.8 1.0 1.2 

Beef extract (% 
w/w)  

0.8 1.0 1.2 

 
Table 2: The Box-Behnken design matrix em-
ployed for three independent variables in coded 
units along with observed values 
Run No. X1 X2 X3 Observed 

(cellulase ac-
tivity) 

1 70.0 0.8 1.0 3.4 

2 90.0 0.8 1.0 5.2 

3 70.0 1.2 1.0 6.24 

4 90.0 1.2 1.0 8.4 

5 70.0 1.0 0.8 3.8 

6 90.0 1.0 0.8 7.9 

7 70.0 1.0 1.2 6.8 

8 90.0 1.0 1.2 8.8 

9 80.0 0.8 0.8 3.8 

10 80.0 1.2 0.8 5.9 

11 80.0 0.8 1.2 6.9 

12 80.0 1.2 1.2 8.45 

13 80.0 1.0 1.0 9.55 

14 80.0 1.0 1.0 9.36 

15 80.0 1.0 1.0 9.3 

 

Table 3: Analysis of variance (ANOVA)  

SV SS DF MS F p 

X1+ X1X1 21.11 2 10.55 30.96 0.001 

X2+ X2X2 27.65 2 13.82 40.56 0.0008 

X3+X3X3 15.55 2 7.77 22.82 0.003 

X1X2 0.03 1 0.03 0.09 0.77 

X1X3 1.10 1 1.10 3.23 0.13 

X2X3 0.07 1 0.07 0.22 0.65 

Error 1.70 5 0.34   

Total SS    63.84 14    

SV: Source of variation 
SS: Sum of squares 
DF: Degrees of freedom 
MS: Mean square 
F: F-value 
p:  p-value  

Table 4: Model coefficients estimated by linear  
regression. 
Factor Regression Coeff. p-value 

Intercept -208.8 0.0008 

X1 2.77 0.003 

X2 109.70 0.003 

X3 83.47 0.009 

X1X1 -0.02 0.004 

X2X2 -51.90 0.001 

X3X3 -26.5 0.017 

X1X2 0.05 0.77 

X1X3 -0.26 0.13 
X2X3 -3.44 0.65 
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4.Conclusions 
The work has demonstrated the use of a 

Box-Behnken design by determining the opti-
mum conditions leading to the maximum cellu-
lase production using banana fruit stalk as sub-
strate. This methodology could therefore be suc-
cessfully employed to any process (especially 
with three levels), where an analysis of the ef-
fects and interactions of many experimental fac-
tors are referred. Box-Behnken designs maxi-
mize the amount of information that can be ob-
tained, while limiting the number of individual 
experiments required. Response surface plots are 
very helpful in visualizing the main effects and 
interaction of its factors. Thus, smaller and less 
time consuming experimental designs could gen-
erally suffice the optimization of many fermenta-
tion processes.  
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Abstract 
 In the present study we have developed the hierarchal web of carbon micro/nanofibers for the 
adsorption of vitamin B-12 (VB12). The method of preparation of the substrate, activated carbon 
fiber (ACF) involved physical activation of non-activated carbon microfibers, using steam. 
Carbon nanofiber (CNF) was prepared by impregnation of ACF with nickel nitrate, followed by 
calcinations, then reduction with hydrogen, and finally by catalytic chemical vapor deposition 
(CVD) using benzene as the source of carbon. After growing CNF on ACF, Ni particles used as 
catalyst were removed by ultra-sonication. The prepared metal impregnated hierarchal web in 
this study was tested for the adsorption of VB12 over the concentration range of 25-200 ppm in 
water under both batch and flow conditions. The results show significantly large extent of 
removal of VB12. In addition, sonicated CNF was found to be superior in comparison to ACF and 
CNF without sonication.  
Key words: Activated carbon fiber (ACF), carbon nano fiber (CNF), Vitamin B12, adsorption. 

 

1. Introduction 
Vitamin B12 (cobalamin) is an important 

water-soluble vitamin (MW= 1355 Da) with 
a molecular size of 2.09 nm.VB12 is a 
cobalt-containing substance, red in color. 
The molecule has a porphyrin unit called a 
corrin ring, which coordinates a trivalent 
cobalt ion. The sixth coordination position is 
directed to nitrogen of a 5, 6-
dimethylbenzimidazole ring. This ring is 
positioned perpendicular to the corrin ring 
[1]. 

Normal range of Vitamin B12 in human 
body should be from 200-900 pg/ml. The 
elevated concentration levels of Vitamin B12 
in the body may cause cardiovascular 
disease. In this study, we have synthesized 
the hierarchal web of carbon 
micro/nanofibers for the removal of VB12 by 
adsorption.  

2. Experimental 

2.1 Adsorbent 
2.1.1 ACF: The non-activated phenolic resin 
based fibers were first carbonized and then 
activated using steam in a tubular reactor. 
The as-received ACF imported from Kynol, 
Japan were dried under vacuum and at a 
temperature of 473K to drive off moisture 
and other impurities from the fiber before 
carbonization and activation.   
2.1.2 CNF: Continuous incipience method 
was used for impregnating ACF with nickel 
nitrate salt dissolved in acetone. ACF was 
wrapped around a perforated tube which in 
turn was fitted into another tubular shell 
(Refer Figure 1). Impregnation was carried 
out for 6 h under continuous flow using a 
peristaltic pump. After impregnation, the 
sample was dried in air for 6 hours and then 
inside the oven for 6 hours at 323 K to 
remove surface moisture. Thereafter, it was 
calcined at 573 K for 2 h. During calcination 
Ni(NO3)2 was converted into NiO. The 
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resulting metal oxide was then reduced to 
the corresponding metallic state by treating 
NiO-ACF in a hydrogen flow of 0.16 slpm 
at 773 K for 1 hour.  

After reduction, nitrogen was bubbled 
through benzene and passed through the 
reactor packed with metal impregnated 
ACF. A Freon refrigeration unit (R-15) was 
used for controlling the temperature of the 
bubbler, thereby setting the saturation vapor 
pressure of the liquid benzene and the 
desired concentration of the benzene vapor 
in the carrier gas.  Benzene saturated 
nitrogen was passed through the reactor 
maintained at 1023 K. This resulted in the 
decomposition of benzene at the active Ni 
catalyst sites to carbon and subsequent 
formation and growth of CNF. The chemical 
vapor deposition (CVD) of benzene was 
continued for 1 hour after which the system 
was allowed to cool down to room 
temperature by purging the system with 
nitrogen. The set up used for reduction and 
CVD is shown in Figure 1.  The detail 
procedures for growing CNF are available in 
our previous studies on fluoride removal [2]. 
2.1.3 Sonication of CNF: The prepared CNF 
was sonicated in nitric acid medium at 
various concentration levels and for 
different times. Sonication is carried out to 
remove nickel particles from the tip of 
grown CNF so that the internal adsorptive 
surface area can be exposed to the solute.  
 
2.2 Adsorption of Vitamin B12 

VB12 stock solution of 250 ppm was 
prepared by dissolving the reagent in de-
ionized water.  All lower concentration 
levels standards were prepared from the 
stock solution by proper dilution. 
2.2.1 Batch (equilibrium) studies :Adsor -
ption isotherms were obtained by adding 0.1 
g of adsorbents into 100 ml solutions of 
VB12 with different initial concentrations 
between 25 and 250 mg/l. The solutions 
were stirred continuously for 24 hrs (until 

equilibrium concentration was reached) at 
37◦C using a water bath shaker. The initial 
and final concentrations of VB12 were 
measured by Varian make UV-Vis 
spectrophotometer. 
2.2.2Column (flow) studies: The arrange- 
ment for the experimental set-up used for 
conducting dynamic (breakthrough) tests 
was the same as that for impregnation study, 
except that the valve A (Fig. 1) was kept 
open. The solution was continuously 
delivered at a constant flow rate, with the 
aid of a peristaltic pump, to the perforated 
tubular reactor wrapped with the sonicated 
Ni-CNF sample. Samples for the 
concentration measurement were collected 
at the exit of the tube over a certain time 
interval, till the exit concentration level 
reached approximately that at the inlet to the 
tube. The entire procedure was repeated for 
different weights of the adsorbents, pump 
speed (solution flow rate), and inlet VB12 
concentration.  
 
3. Results and discussions 
3.1 BET Area Analysis: The specific surface 
area and pore volume of treated and 
untreated ACF samples were measured 
using a BET analyzer supplied by Smart 
Instrument Ltd. (model no: Smart Sorb 92/ 
93). Surface area was calculated from the 
experimentally obtained N2 adsorption 
isotherm over the relative pressure range of 
0.01 to 0.3, using the standard Brunauer, 
Emmett, and Teller (BET) method. Table 1 
compares the BET area and pore volume 
and pore size distributions (PSD) of the 
ACF as-received and metal-impregnated 
samples at various stages of preparation. It 
was observed that on impregnation of ACF 
with Ni, the BET area as well as the pore 
volume decreased significantly. The 
significant decrease in BET area of ACF-Ni 
sample was observed as a result of the 
coverage of most of ACF micropores by 
catalyst deposition. A marginal increase in 
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the BET area of CNF was observed due to 
the formation of CNF. No. of mesopores are 
observed comparatively more in CNF in 
comparison with ACF. 
 
3.2 C-H-N-O Analysis: The elemental 
analysis was carried out for different 
samples. From the Table 2 we see that the 
carbon content has been increased in CNF 
than ACF as well as the oxygen content has 
been decreased in CNF than ACF. As 
oxygen content is more in ACF, it indicates 
that ACF is more acidic in nature in 
comparison with CNF.  
 
3.3 ACF/CNF morphology: The morphology 
of the samples was examined by the SEM 
images. Figs 2a and 2b describe the SEM 
images of the ACF-as received samples. 
Figs 2c and 2d describe the CNFs grown on 
ACF used as a substrate. It is observed that 
fine nano sized Ni particles are uniformly 
distributed on the surface of the fiber. The 
growth of CNF has be seen everywhere on 
the ACF. The nickel particles have be 
observed at the tip of the nanofibers as 
shinning particles in Fig 2d. Figs 2e and 2f 
describe the SEM images of 0.2(M) HNO3 
sonicated (for 10 min) Ni-CNF at different 
magnifications. In Fig 2f the shinning parts 
are not seen which indicates the removal of 
nickel tips. 
 
3.4 Adsorption isotherms: The adsorption 
loading was calculated as: q = (C0 – Ceq) V / 
w, where q is the adsorption amount (mg/g), 
C0 the initial concentration (mg/l), Ceq the 
equilibrium concentration (mg/l), V the 
volume of the solution (l) and w is the 
weight of the adsorbents (g). 
3.4.1 VB12 adsorption: Acid sonication resu 
-lted in the removal of nickel present on the 
tip of CNF. Figure 3 describes the effect of 
sonication on adsorption of VB12. It was 
observed that Ni-CNF sonicated with 0.2M 
HNO3 for 10 mins had the largest adsorption 

capacity in comparison to the adsorbents 
prepared under other sonication conditions. 
Keeping the acid concentration fixed, if the 
time of sonication was varied, the amount of 
nickel present in the solution after sonication 
increased with increase in the time of 
sonication.  Figure 4 describes the effect of 
time for sonication on adsorption of VB12. It 
is observed that Ni-CNF sonicated with 
0.2(M) HNO3 for 10 mins had the largest 
adsorption capacity in comparison to the 
adsorbents prepared under other sonication 
time (5 min and 15 min).  

Figure 5 represents the equilibrium 
isotherms of VB12 on vacuum dried ACF, 
Ni-CNF and acid sonicated CNF. It was 
observed that the acid (HNO3) sonicated 
CNF had larger capacity than that of CNF, 
and CNF had larger adsorption capacity than 
that of the vacuum dried ACF. In Figure 5, it 
is also observed that the loading for VB12 
adsorption on sonicated Ni-CNF is 121 mg/g 
corresponding to the concentration of 60 
mg/l in water, in comparison to the literature 
data of 4 mg/g for activated carbon and 47.3 
mg/g for CNT [3].  

From Figure 6 it is observed that there is 
very significant decrease in equilibrium 
loading for acid sonicated Ni-CNF with 
increasing temperature. This indicates that 
the adsorption of VB12 is exothermic. 

Figure7 represents the breakthrough data 
of VB12 for different inlet concentrations, 
when the liquid flow rate and weight of 
adsorbent were kept constant. As observed, 
the saturation time decreases with increasing 
concentrations. The area above the uptake 
(breakthrough) curve represents the loading 
of VB12 for that particular concentration. 
This value is calculated to be the same as 
that calculated under the batch conditions, 
implying that the total active sites of the 
prepared ACF/CNF are available for 
adsorption during flow conditions.  
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4. Conclusions 
This study demonstrates that CNF 

may be synthesized uniformly and densely 
on ACF by catalytic CVD using nickel as a 
catalyst. The effects of BET area, pore 
volume, and the sonication conditions are 
shown to be important for the adsorption of 
VB12. The sonicated hierarchal web of 
carbon micro/nano fibers has significant 
adsorption of VB12 and larger than the 
literature reported data. 
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Table. 1- Specific surface area and pore size distributions of different adsorbent 

 

 

 

 

 

 

PSD (%) 
S.No Sample SBET  

(m2/g) 
Vt  

(cc/g) Micro Meso Macro 
1 ACF 1256 0.721 87.17 7.5 5.33 
2 0.4M Ni-NO3-ACF 1009 0.5688 87.36 8.42 4.22 
3 0.4M NiO-ACF 1074 0.609 85.2 9.55 5.26 
4 0.4M Ni-ACF 1267 0.8263 65.74 26.93 7.24 
5 Ni-CNF 1020 0.646 61.07 31.1 7.83 

Table. 2- Elemental analysis data of the different adsorbents  

S.No Sample C% H% N% O% R% O/C 

1 ACF 88.15 1.24 0.85 9.01 12.01 0.10 
2 0.4M Ni-NO3-ACF 76.5 2.95 2.77 17.29 17.29 0.23 
3 0.4M NiO-ACF 80.42 1.39 1.21 16.18 16.18 0.20 
4 0.4M Ni-ACF 83.9 1.59 1.05 13.44 13.44 0.16 
5 Ni-CNF 89.59 1.68 0.22 3.43 8.51 0.04 
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Figure 2:-SEM images at different magnifications – (2a & 2b) ACF, (2c & 2d) Ni-CNF  
and (2e & 2f) 0.2(M) HNO3 sonicated (for 10 min) Ni-CNF 
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Figure 3: Effect of sonication on adsorption 
of VB12 
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Figure 4: Effect of sonication (time) on 
adsorption of VB12 
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        Figure 5: Adsorption isotherm of VB12 
for different adsorbents 

Equilibrium concentration (mg/l)
0 20 40 60 80 100 120 140

L
oa

di
ng

 (m
g/

g)

0

20

40

60

80

100

120

140

T (0C)
    37
    50
    60

 

 Figure 6: VB12 adsorption in Ni-CNF 
sonicated with 0.2(M) HNO3 for 10 min at 
different temperature 
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 Figure 7: Breakthrough curve for VB12 
adsorption in Sonicated CNF with varying 
flow rates (W= 0.1g, Cin = 40ppm, 
Temperature = 37oC) 
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Abstract  
Coal - fired power plants are generally equipped with complex control systems employing 

comprehensive mathematical models and advanced control strategies. From modeling point of view, the 
boiler is divided into five subsystems and for each subsystem, dynamic models are derived from first 
principles based on laws of conservation of mass, momentum and energy. The subsystems models are 
then integrated according to the geometrical layout of the process plant. The overall dynamic model of 
Boiler-Turbine unit is presented by considering it as a Multi Input-Multi Output (MIMO) system. In this 
work, a decentralized controller is designed and the tuning of Proportional Derivative (PD) controller is 
done using a simple method for an integrating plus dead time transfer function model. Integral control 
action is incorporated in the decoupler for achieving zero steady state error. Open loop and closed loop  
simulation studies are carried out.                                                                                                                         
Keywords: Boiler; Steam turbine; process lag; Process Model; Decentralized control. 

1. Introduction 
A Boiler – Turbine unit in general exhibits 

large process lag. A boiler (or steam generator, 
as it is commonly called) is a closed vessel in 
which water, under pressure, is transformed into 
steam by the application of heat. Open vessels 
and those generating steam at atmospheric 
pressure are not considered to be boilers. In the 
furnace, the chemical energy in the fuel is 
converted into heat, and it is the function of the 
boiler to transfer this heat to the water in the 
most efficient manner. Thus the primary 
function of a boiler is to generate steam at 
pressures above atmospheric by the absorption 
of heat that is produced in the combustion of 
fuel. 

A rigorous dynamic model at different levels 
of complexity [1]-[3] for a typical drum type 

boiler consists of a large number of nonlinear 
differential equations and over one hundred non 
linear static equations describing the design of 
all parts of the boiler. The schematic of the 
boiler power plant is shown in fig.1. Many of the 
dynamic mathematical models of steam-
generation plants are based on the dynamics 
analysis developed by [1]. Depending on the 
requirement, these models were built either as 
very compact lumped-parameters ones [4] or as 
modular, large-scale or even distributed 
parameter models [5]. The ability of such 
models to reproduce the real process behavior is 
very often the matter of discussions which 
seldom achieve any fixed point, because their 
experimental validation on real steam-generation 
plants is incredibly complex and expensive [6]. 
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2. Results and Discussion 
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Fig.2: Open-loop response of furnace 
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Fig.3: Open-loop response of superheater 
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Fig.4: Closed loop response of the control 
system 

 

The dynamic simulation of boiler subsystems 
like furnace, super heater and closed loop 
response of control system for the overall plant 
is shown in figs. 2-4. The superheated steam 
temperature and metal temperature show a large 
process lag. From the control point of view, the 
whole section is compressed by considering only 
2 inputs and 2 outputs and the overall process 
model is developed. The closed loop responses 
are shown in fig. 4. 

3. Conclusions 
A boiler subsystems dynamic model for a 

forced circulation drum type boiler is presented. 
The overall modeling of Boiler – Turbine unit is 
quite enough to describe the system, which can 
be ascertained from the open loop step response. 
The decentralized controllers are designed and 
the closed loop response is discussed.  
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Abstract 
Actinomycetes, a class of filamentous bacteria, produce a variety of secondary metabolites, industrial enzymes and more 
than 70% of the antibiotics. They exhibit different morphological forms during various phases of growth. Although several 
research reports have indicated qualitative relationship between morphology and metabolism, not much progress has been 
made in terms of quantification or development of a predictive model. In the present study, a model organism, Amycolatop-
sis balhimycina, is chosen which produces balhimycin, a glycopeptide antibiotic. A morphologically structured model is 
proposed to describe balhimycin production by batch fermentation along with the growth kinetics of filamentous microor-
ganisms. Branching, pellet formation, degeneration and fragmentation are the key morphological changes observed in the 
organism. The model includes a set of differential equations which are solved using the ODE15s subroutine in MATLAB 
and the model parameters have been estimated using ‘Genetic Algorithm’ and ‘Fmincon’ optimisation functions. The mod-
el is validated by comparison of simulated results to experimental data. 

Keywords: morphology, metabolism, antibiotics, filaments, pellets, phosphate, optimization. 

Introduction 

In recent years, the prime focus of pharmaceutical 
industries is on the discovery of new antibiotics using in-
novative processes and preparation methods. The group of 
filamentous bacteria, producing antibiotics belongs to the 
class of Actinomycetes (U. Reichl et. al., 1992). Industrial 
fermentations involving Actinomycetes are typically car-
ried out in batch or fed-batch mode.  A better understand-
ing of the fundamental growth behaviour with respect to 
morphology, primary and secondary metabolism will be 
useful for design of a new production method or scale-up 
of an industrial fermentation process. Thus, modeling of 
the morphological changes in relation to the metabolite 
production will provide a better insight into the key phe-
nomena that occur in mycelial processes. 

If one can relate these morphological observations 
with the productivity in terms of mathematical equations 
which would aid us in quantification of the amount of sub-
strate consumed and product formed at a particular time 
point; it would indeed be useful in predicting the quality 
and yield in a batch. Hence, the aim is to develop a mor-
phologically structured model which would ultimately help 
in the process optimisation and monitoring batch to batch 
variability. 

Model Development 

Model formulation includes morphology in terms of hy-
phal differentiation (dry cell weight, activity). The struc-
tured kinetic model accounts for mechanisms of morpho-
logical changes in relation to substrate utilisation and 

product formation in A. balhimycina. The kinetic equations 
and mass balance is performed on a batch reactor system, 
as it is the most common mode of operation in industry. 
 Kinetic equations include expression for branching
which facilitate in formation of growing regions whereas 
extension forms more of metabolically active regions. The 
total biomass is obtained by summation of all these four 
morphological regions as shown in Fig.1. Model assumes 
extracellular phosphate is rapidly consumed by the cells 
and is stored as intracellular phosphate (Maiti et. al, 2010) 
based. The intracellular phosphate plays a key role in mor-
phological differentiation and product formation. The 
product formation is repressed by presence of high 
amounts of phosphate, which is known as catabolite re-
pression. 

Estimation of Model Parameters 

The model consists of a set of first-order differen-
tial equations and has some model parameters. The equa-
tions were integrated using ODE15s subroutine in 
MATLAB. The model was solved for experimental data 
having variable phosphate concentrations in the production 
media. The model parameters were roughly estimated by 
using the data for 0.2 g/L phosphate in production media. 
These values are fine tuned by combining the variable 
phosphate experimental data sets. This is achieved by mi-
nimisation of error between model predicted and experi-
mental values, by using an objective function, subject to 
the initial conditions and bounds on parameters. The mi-
nimisation was done using the optimisation tool available 
in MATLAB. Genetic algorithm and the ‘active set algo-
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rithm’ in Fmincon were used in combination to find the 
appropriate parameter values which are the global opti-
mum.  

Results & Discussion 

 Experimental data for different batches of varied me-
dia combinations was available for model development 
and validation. The media has different concentrations of 
glucose, ammonium sulphate and inorganic phosphate. 
Fig.2. shows the four different morphological forms, 
which on summing give the total biomass. The experimen-
tal and model predicted biomass values are fairly in 
agreement for a media containing 0.2 g/L phosphate, 73.4 
g/L glucose and 6.4 g/L ammonium sulphate (the common 
media remains same in all the media combinations and 
contains vitamins, metal ion solutions, calcium carbonate 
and buffer solutions), etc.  
 Fig.3. shows the comparison of model predicted and 
experimental phosphate consumption profile and product 
formation profile for the same media as in Fig. 2. The aim 
is to predict the productivity based on the morphological 
observations in the earlier phase of growth. It is evident 
that product formation occurs after 50 hrs, but the morpho-
logical observations and biomass growth profile would be 
the key to predict the nature and quantity of product.  

Conclusions 

A morphologically structured kinetic model has been 
presented which predicts the morphological forms, bio-
mass growth, substrate consumption and antibiotic forma-
tion in A. balhimycina. The product formation occurs dur-
ing the stationary phase but the morphological variations 
can be captured during the initial hours. Based on the ini-
tial conditions, the model helps in prediction of batch 
productivity. The model assumes intracellular phosphate to 
be the key component in morphological variations and is 
involved in catabolite repression of the product. Thus, in 
lower phosphate conditions the productivity would be 
more. 
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Figures 

Fig.1. A schematic diagram showing simple differentiation 
in A. balhimycina

Fig.2. Morphological forms of cells and total biomass pro-
files in A. balhimycina with time in batch fermentation 

Fig. 3. Phosphate consumption and balhimycin production 
profiles in A. balhimycina with time in batch fermentation 
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Abstract 
An interpenetrating polymer network (IPN) based on hydrophilic-hydrophobic acrylate was synthe-
sized via sequential IPN method. 2-ethyl hexyl acrylate (EHA) and 2-hydroxy ethyl acrylate (HEA) 
were used as hydrophobic and hydrophilic monomers respectively in the presence of ethylene glycol 
dimethacrylate (EGDMA) as a crosslinking agent and benzoyl peroxide (BPO) as initiator. Both full 
and semi IPN hydrogels were characterized by SEM images. The water swelling, pH dependent swell-
ing, crosslinked density and thermal properties were examined and found to be highly swellable under 
condition similar to that of human body. The onset of degradation calculated from TGA graph  is 
found to be far above from body temperature. Because of its pH sensitivity, good swelling and reswel-
ling ability, it may have possible biomedical applications especially in drug delivery. 
Keywords: Interpenetrating network; Full-IPN; Semi-IPNs; pH sensitivity 
 

 
1.Introduction 

The emerging need for performance ma-
terials in all technological fields push the poly-
mers and their derived materials far away from 
their traditional uses. These engineered polymers 
have shown immense potential in various fields 
ranging from commercial application to tradi-
tional drug delivery vehicle (1,2)  and as more re-
cent applications in nanotechnology.(3)  Blending 
different polymers and yet conserving their indi-
vidual properties in the final mixture is an ex-
tremely attractive and advantageous way of ob-
taining new structural materials. The resulting 
polymer blends show synergistic properties hav-
ing both high elasticity and high tensile strength. 
Interpenetrating network(4)architecture is a kind 
of polymeric blend with improved biocompati-
bility thus highly suitable for biomedical and 
pharmaceutical applications. Major advances 
were made recent years in applying IPN hy-
drogels based on hydrophobic and hydrophilic 
components to biological applications, opening a 
wide and promising way for the future.  
 
2.Experimental 

By varying the blend ratio (weight by 
weight) of  poly-2-ethyl hexyl acrylate (PEHA) 
and poly-2-hydroxy ethyl acrylate (PHEA), 
various samples of IPNs like Semi1(60:40), 

Semi2(50:50), Semi2(60:40), Semi1(70:30), 
Full(70:30) etc. were  prepared thermally using 
2% of BPO and 2% of  crossliker EGDMA by 
sequential(5) IPN method. When hydrophobic 
component (PEHA) was crosslinked it is called 
Semi1IPN.When hydrophilic component 
(PHEA) was crosslinked, called semi2IPN while 
when both components are crosslinked, named 
as full IPN. 
 
3.Results and Discussion 
3.1.Swelling studies: The swelling behavior of 
semi2 IPNs with varying blend ratio are shown 
in graph. Here it is clear that the water absorbing 
capacity of the IPN increases with increase in the 
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Figure: 1 Variation of % swelling in water of the  
hydrogels with variation of %PHEA. (by wt.) 
percentage of hydrophilic component. 
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 Also, semi2 IPNs with crosslinked hydro-
philic component has shown higher capacity for 
water retention in it. This may be due to better 
accessibility of water molecules towards the hy-
drophilic nano domains through the linear entan-
glement hydrophobic mass compared to the op-
posite case in semi1 IPNs. 

 
 

Figure 2.  Variation of %swelling of hydrogels in 
different pH solvents with variation of %PHEA 
(wt) 

The swelling capability of hydrogels in-
creases as we move towards neutral condition, 
i.e, pH=7. Above-mentioned phenomenon may 
be attributed to the fact that as the pH value 
tends to 7, the external environment becomes 
similar to water and thus the hydrophilic compo-
nent of the IPN absorbs more amount of water. 
 
3.2.Thermal behavior: TGA thermogram of both 
semi and full IPNs are depicted above. The onset 
of the degradation of different IPN system ap-
pears to be slightly accelerated when compared 
with that of pure crosslinked PEHA (270◦C). Al-
so, the individual IPN system exhibit decreased 
onset with increasing proportion of PEHA. 
 
Table.1: Degradation temperature of different 
hydrogels 

 

                                 
Figure: 3    SEM image of Semi1 (50:50) 
 
 4.Conclusions 

The water absorbing capacity of the IPN 
hydrogel increases with increase in percentage of 
hydrophilic component. The swelling capability 
of hydrogels is best at pH–7. With increase in 
crosslinked PEHA content, there is a gradual in-
crease in crosslink density also with increase in 
concentration of linear PEHA, the crosslink den-
sity decreases. The onset of degradation as is ob-
served in TGA of different IPN system, appears 
to be slightly accelerated than that of pure cros-
slinked PEHA. The individual IPN system ex-
hibits decreased onset with increasing proportion 
of PEHA.The results ensures that the hydrogels 
does not degrade at 370C (body temperature). 
The full IPNs differ from the semi1IPNs in hav-
ing compact and dense cellular aggregates. Mi-
crographs of full IPNs showed cellular domains 
which were thick walled and well defined. Fu-
ture work will consist of toxicity test, drug load-
ing, drug release, biocompatibility etc. 
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       Composition  
          (%PHEA) 

Onset of degradation  
tempera-
ture(0C) 

Ash content (%) 

Semi1 Semi2 full Semi1 Semi2 full Semi1 Semi2 full 
40 40 40 270 285 260 2.19 8.31 5.82
30 30 30 260 260 260 2.60 7.70 4.35
        PURE PEHA                 270               6.11 
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Abstract 
 The efficacy of natural clayey soil of Indian origin for Pb(II) removal from aqueous solution was 
investigated in a batch system as a function of pH, initial metal concentration, adsorbent dosage, con-
tact time and temperature. The maximum Pb(II) adsorption  capacity was 40.23 mg g-1 at  50 mg L-1 
initial Pb(II) concentration at optimal pH of 6. Adsorption equilibrium was established at 120 min. 
Equilibrium isotherms, kinetic data, and thermodynamic parameters were evaluated. The Langmuir 
model showed better fit of data compared to Freundlich and Temkin isotherm equations. The kinetics 
of adsorption followed pseudo-second-order model. Gibbs free energy) was spontaneous for all inter-
actions, and the adsorption process exhibited exothermic enthalpy values. It was concluded that clayey 
soil was a promising adsorbent for Pb(II) removal from aqueous solutions. 
Keywords: Clayey soil; Pb(II) adsorption; equilibrium; kinetics; thermodynamics 
 

1. Introduction  
 Lead (Pb) is a hazardous heavy metal used in 
a wide variety of industrial applications includ-
ing storage battery manufacturing, printing, pig-
ments, fuels, metal plating and finishing, ammu-
nition, tetraethyl lead manufacturing, ceramic 
and glass manufacturing, and preparation of pho-
tography material. These industries discharge 
lead into the aquatic environment without ade-
quate treatment. The presence of lead in the envi-
ronment can threaten human life due to its toxic-
ity, accumulation in food chains and persistence 
in nature. Lead is a potent neurotoxic metal if 
inhaled or swallowed. It disperses throughout the 
body immediately and causes harmful effects 
wherever it reaches. The major biochemical ef-
fects of Pb(II) are its interference with heme syn-
thesis, plumbism, change in brain wave (EEG) 
patterns, protoporphrin elevation in RBCs, inter-
ference with neurotransmission, impairment of 
vitamin D activity, blue lead line in gums, bone 
marrow damage, paralysis of wrist joints, en-
cephalopathy conditions, disturbance in cerebral 
function, dyspepsia, vertigo and kidney damage 
[1]. The elimination of Pb(II) from wastewaters 
is therefore a priority concern. 
 Adsorption often referred to as passive up-
take and physico-chemical binding of chemical 
species or ions to a solid surface has been sug-
gested as a potential alternative to the existing 

physical/chemical methods for the removal of 
heavy metals from industrial effluents. A number 
of investigations have been carried out using 
natural materials or the wastes/by-products of 
industries for the removal of Pb(II) from aqueous 
systems [1]. However, no work has been re-
ported on the use of clayey soil for adsorption 
purposes. The objective of this study was to in-
vestigate and explore the feasibility of using nat-
ural clayey soil of Indian origin for adsorption of 
Pb(II). 
2. Experimental 
 Clayey soil used in this study was collected 
from the banks of river Matla owing to its high 
clay content and low permeability. It was ini-
tially sun-dried for 7 days followed by drying in 
hot air oven at 110 ± 1 0C for 2 days. The dried 
soil was crushed and sieved to give a fraction of 
80 mesh screen and then stored in sterile, sealed 
glass bottles and used as an adsorbent in all the 
experiments. Stock Pb(II) solution (1000 mg L-1) 
was prepared by dissolving 1.5984 g of 
Pb(NO3)2 in 100 mL double distilled water and 
making the final volume quantitatively to 1000 
mL using double distilled water. Pb(II) solutions 
of different concentrations were by diluting the 
stock solution with suitable volume of double 
distilled water. The batch tests were carried out 
in 250 mL glass-stopperred, Erlenmeyer flasks 
with 100 mL of working volume, with a concen-
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tration of 50 mg L-1. A weighed amount (0.2 g) 
of adsorbent was added to the solution. The 
flasks were agitated at a constant speed of 150 
rpm for 6 h in an incubator shaker (Model In-
nova 42, New Brunswick Scientific, Canada) at 
30± 1 0C.  The influence of pH (1.0, 2.0, 3.0, 4.0, 
5.0, 6.0, 7.0, 8.0), contact time (10, 20, 30, 40, 
60, 90, 120, 180, 240 and 360 min), initial Pb(II) 
concentration (10, 20, 40, 60, 100 mg L-1), ad-
sorbent dose (0.5, 1, 2, 3, 4, 5 g L-1) and tem-
perature (20, 30, 40, 50 0C) were evaluated dur-
ing the present study. Samples were collected 
from the flasks at predetermined time intervals 
for analyzing the residual concentration of Pb(II) 
in the solution. The residual amount of Pb(II) in 
each flask was measured using Atomic absorp-
tion spectrophotometer (Model: AANALYST 
200, by Perkin Elmer) at a wavelength of 217.0 
nm. 
 
3. Results and Discussion 
3.1. Effect of pH: Adsorption of Pb(II) by clayey 
soil was found to increase with increase in pH 
and reach maximum at 6.0 and then decrease 
with further increase in ph up to 8.0 (Fig 1).  
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Figure 1: Effect of pH on adsorption of Pb(II) by 
clayey soil 
 
3.2. Effect of adsorbent dosage and contact time: 
The percent removal of Pb(II) increased rapidly 
with increase in the dose of adsorbent due to 

greater availability of adsorption sites.  The equi-
librium was established at 120 min. The rate of 
uptake was rapid in the early stages and re-
mained constant when equilibrium was attained. 
 
3.3. Effect of initial metal ion concentration: The 
percentage of Pb(II) removal decreased with in-
crease in Pb(II) ions concentration although the 
equilibrium adsorption capacity increased with 
increasing Pb(II) ions concentration. 
 
3.4. Effect of temperature: The percentage of 
Pb(II) removal decreased with increase in tem-
perature indicating that Pb(II) adsorption onto 
clayey soil was favorable at higher temperatures. 
Since the sorption capacity of the adsorbent de-
creased with increase in temperature, it can also 
be said that the sorption was an exothermic proc-
ess. 
 
3.5. Isotherm and Kinetic studies: Langmuir, 
Freundlich and Dubinin-Radushkevich (D-R) 
isotherms were applied to describe the equilib-
rium relationships between sorbent and sorbate 
in solution. The adsorption isotherm was best 
described by Langmuir isotherm. The maximum 
Pb(II) adsorption  capacity was 40.23 mg g-1. 
Pseudo-first-order and pseudo-second-order were 
used to explain the kinetics of adsorption to in-
vestigate the adsorption mechanism. The kinetics 
of adsorption followed pseudo-second-order 
model. The rate constant decreased with increase 
in temperature indicating exothermic nature of 
adsorption. 
 
3.6. Thermodynamic studies: Gibb’s free energy 
for e adsorption of Pb(II) onto clayey soil at all 
temperatures was obtained from Van’t Hoff equ-
ation. The values of 0GΔ  were negative at all 
temperatures and the negative values confirmed 
the feasibility of the process and the spontaneous 
nature of the Pb(II) adsorption onto clayey soil.  
The negative value of 0HΔ  was indicative of the 
fact that the adsorption process was exothermic. 
4. Conclusion 
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The present study shows that clayey soil was an 
effective adsorbent for the sorption of Pb(II) ions 
from aqueous solution.  
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Abstract 

Rhodococcus sp. has been selected to desulfurize hydrotreated diesel to produce NZSD (near zero 
sulfur diesel) and bio-surfactant, namely, 2-hydroxybiphenyl. The sulfur concentration of feed diesel is 
in the range of 200 to 540 mg/L. Batch studies have been conducted to determine different kinetic pa-
rameters. Aqueous phase to diesel ratio has been varied in the range of 9:1 to 1: 9. The optimum ratio 
has been found to be 2:8 and the maximum conversion of sulfur of 95% has been achieved. The values 
of Monod kinetic parameters, μmax– maximum specific growth rate and ks– saturation constant, of mi-
crobial growth have been determined to be 0.096h-1 and 71 mg/L respectively. A surfactant called 2-
hydroxybiphenyl is produced as a byproduct of biodesulfurization reaction. Yield of this surfactant is 
determined to be 17μmol/g dry cell weight. After performing the batch type experiments in Erlen-
meyer flasks, reaction has been performed in a continuous B. Braun chemostat. The reaction broth was 
systematically analyzed for different parameters. Relative emulsion volume, defined as the percentage 
ratio of emulsion volume to total volume of broth and water, has been observed to vary from 19 to 
57% as the reaction time varies from 1 to 4 days. Surface tension of the aqueous part of the broth has 
been measured and it has been found that the surface tension at the end of 4th day reaches a value of 24 
mN/m. A mathematical model has been developed for the reactor and the simulated data have been 
successfully compared with the experimental ones. 
Keywords: Monod kinetic parameters; Rhodococcus sp.; mathematical model; Relative emulsion vol-
ume; biodesulfurization 

 
1. Introduction  

Bio-surfactants are amphiphilic surface ac-
tive compounds [4,7] which can be produced on 
living surfaces, mostly microbial cell surfaces, or 
excreted extracellularly and contain hydrophobic 
and hydrophilic moieties. They are capable in 
lowering surface tension, stabilizing emulsions, 
lowering critical micelle concentration and bio-
degradability. They can be used in different in-
dustries like pharmaceuticals, cosmetics, FMCG, 
biodegradation of pesticides and also in ad-
vanced oil recovery. 

Diesel contain significant amount of organic 
sulfurs compounds. Due to stringent environ-
mental legislation desulphurization of diesel is a 
necessity. So hydro-desulfurization is a well-
known process for the refiners to remove sulfur 
compounds from fossil fuel. This process is cost-
ly but capable to remove inorganic sulfur and 
simple organic sulfur compounds .It is done at 
high temperature and pressure with the presence 
of metal catalysts.. There are some sulfur com-

pounds in diesel like benzothiophenes (BTs) and 
dibenzothiophenes (DBTs) and naphthothio-
phenes which are very difficult to remove from 
diesel oil by conventional hydro-desulfurization 
practiced in the refineries. Thus conventional 
deep desulphurization must be followed by a 
suitable desulphurization process to achieve ultra 
low sulphur diesel(ULSD) with 10-15 ppm sul-
phur level which satisfies the strict environ-
mental regulations. Bio-desulfurization is one of 
the potential routes for the above mentioned pur-
pose[8].. In this present investigation our major 
concern is production of near zero sulfur diesel 
(NZSD)and production of biosurfactant simulta-
neously The substituted benzothiophenes (BTs) 
and dibenzothiophenes (DBTs) get converted to 
2-hydroxy biphenyl, which is a potential bio-
surfactant .This reaction is carried by the mi-
crobes through  Kodama 4S  multi-enzymatic 
pathway. Under the present investigation, 
Rhodococcus sp., an aerobic micro-organism[1-
3], has been used for this purpose. Kinetics of 
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biodesulfurisation of deep desulfurized diesel 
using Rhodococcus sp. has been studied with 
special reference to removal of organo-sulfur 
compounds in diesel and production of 2-
hydroxy biphenyl. 
 
2. Experimental details 

 
2.1.Diesel used: Hydrodesulfurized diesel sam-
ple were purchased from Indian oil Corporation 
(IOC), Kolkata, having the characteristics given 
in table 1. 
 

TABLE 1 
Characteristics of Hydrodesulfurized diesel 

 
I.B.P. (º C) 
 

140 
 

F.B.P (º C)  
 

370 

Specific Gravity ( 
Basis: Density of 
water = 1000 kg/m3)  
 

0.8216  
 

Sulfur ( ppm)  
 

200-540 
 

Aromatic(w/w)  
 

27.14 
 

 
2.2 Composition of the growth medium for mi-
croorganisms 
    Basis: 1 dm3, beef extract: 10 g, NaCl (AR): 5 
g, peptone (for bacteriology): 10 g.  
 

Analytical Methods 
Dry Weight Method was used for the determina-
tion of Bacterial Mass. The cell concentrations 
were  validated using spectrophotometer 
(SPECTRASCAN UV 3600-Chemito)at 600 nm. 
UOP 357-80 (trace sulfur in petroleum distillates 
by nickel reduction) and X-Ray Fluorescence 
Method (XRF) method have been followed to 
determine the concentration of sulfur in the die-
sel samples. A chemostat was operated for 4 
days to produce the biosurfactant and to reduce 
the sulphur concentration of the hydrotrated die-

sel. The concentration of the biosurfactant was 
measured by using the HPLC and GC-MS. 
 
3. Results and Discussion  

The ratio of diesel to aqueous medium was 
varied during the batch studies. The values of 
kinetic parameters, namely, µmax , Ks, Y x/s , 
Yp /x   have been determined to be 0.096,71,0.2 
and 17 respectively. The dependence of   µmax 
and Ks on diesel to aqueous phase ratio has been 
analysed.  

The dependence of sulfur conversion on the 
feed concentration of sulfur in diesel has been 
shown in Figure 1. Close analysis of the figure 
reveals that the sulfur conversion increases with 
the increase in the feed concentration of sulfur. 
For both the cases the simulated data using the 
model could predict the experimental trend.  
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Figure 1. Variation of simulated (line )and ex-
perimental(dots)sulphur concentration in feed 
diesel at 50 hrs(D=0.05hr-1) 
 
Similar plots have been made for the biosurfac-
tant namely  2-HBP concentration in Figure 3.  
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Figure 3 variation of simulated(line )and experi-
mental(dots)product with respect to time and dif-
ferent substrate concentration 
 
In figure3 the experimental values of surface ten-
sion of aqueous phase of the reaction broth as 
well as the emulsification index of the broth have 
been plotted with the reaction time. It has been 
observed that the surface tension decreases and 
the value of E24 increases with the increase in 
reaction time. This is an indicative of the forma-
tion of more surfactant, namely, 2-HBP with the 
propagation of reaction. It also establishes the 
effectiveness of HBP-2, as produced through 
biodesulfurization of diesel, as a surface active 
agent 

                                            
Figure 4 variation of surface tension and emulsi-
fication index with respect to residence time 
 
Figure 5  variation of emulsification index  with 
respect to residence time 
 
4. Conclusions 

Rhococcus sp is capable of desulphurizing 

HDS diesel to near zero level with simultaneous 
production of biosurfactant 2-HBP. Sulphur con-
centration of the hydrotreated diesel can be low-
ered up to 20 ppm.  
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Abstract 
The k-carrageenan (K-CRG) and Attapulgite (ATP) clay composite films were prepared by 

using solution casting method. Attapulgite clay was added into the polymer matrix upto 5% 
(w/w). The obtained films were characterized with scanning electron microscopy (SEM) and 
wide angle x-ray diffraction (WAXD) and tested for tensile strength; tear strength, water va-
pour permeability, oxygen permeability. The K-CRG films loaded with ATP upto 4 wt% 
showed significant improvement in tensile strength, tear strength as well as water vapour and 
oxygen barrier properties. SEM images shows formation of agglomerates by ATP at concentra-
tion above 4%; traces of which can be seen in 4% loaded K-CRG. 
Keywords: K-carrageenan (K-CRG); Attapulgite (ATP) clay; biopolymer-clay composite 
 

 
1. Introduction 

K-carrageenan (fig.1) is a water-soluble 
biopolymer with a linear chain of partially 
sulphated galactans, which present high po-
tentiality as film-forming material [1]. These 
biopolymers require improving mechanical 
properties as well as barrier properties by in-
clusion of some inorganic. ATP is a family 
of fibrous hydrous magnesium silicates and 
has the ideal structural formula Si8O20Mg5 
(Al) (OH)2(H2O)4.4H2O. ATP has a large 
surface area and strong absorptive capacity 
that is greater than any other natural mineral 
[2]. In addition it has good mechanical 
strength and thermal stability [3].  

 
fig. 1 

2. Experimental 
 
2.1 Materials: K-Carrageenan (biopolymer) 
was obtained from Wulmer (France). Atta-
pulgite clay was supplied by Ashapura indus-
tries, Mumbai and glycerol having maximum 
assay 99.5 (AR grade) from s. d. fine, Mum-

bai. 
 
2.2 Films preparation of K-CRG–ATP 
clay: The K-CRG/ATP films were prepared 
by using solution casting method. ATP was 
loaded in the K-CRG in the concentration of 
0%, 1%, 2%, 3%, 4% and 5% w/w dry po-
lymer mass. First, ATP of required amount 
was swollen into the 200 ml of distilled water 
with constant stirring (1500rpm). 5gm K-
CRG was then added slowly to this solution 
under continuous stirring. Glycerol was used 
as a plasticizer (20% w/w of K-CRG). This 
solution was kept under agitation for 2 h at 
1500 RPM. Then the solution was heated to 
70ºC for 5 min and then allowed to attain 
temperature 40 º C. The solution was soni-
cated on an Ultrasonic Bath (Supersonics, 
India) at a frequency of 10 kHz for 5 min to 
remove air bubbles. The solution was then 
poured onto polyester sheet trays (25cm × 18 
cm) and kept overnight for drying in a hot air 
circulation oven at 35°C. After complete dry 
ing, the films were removed from the trays. 
The obtained films were packed in self seal-
ing bags. 
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 The obtained films were characterized 
with scanning electron microscopy (SEM) 
and wide angle x-ray diffraction (WAXD) 
and tested for tensile strength; tear strength, 
water vapour permeability, oxygen perme-
ability. 
3. Results and Discussion 
  As seen in table 1 the tensile strength, 
modulus, stiffness and tear strength of the 
films increases with increase of the ATP 
concentration upto 4 wt% of with polymer 
matrix.  The tensile strength and tear strength 
increasing due to a possible strain-induced 
alignment of the clay particle  in the polymer 
matrix , as well as due to increase in the per-
centage of crystallinity of he composite 
films, which is confirmed by the WAXD pat- 
terns. 
 The K-CRG biopolymer film showed typ-
ical characteristic hump at 2θ=22.3º (fig. 2). 
The WXRD patterns of composite films 
showed increase of percent crystallinity as 
ATP clay loading increases (Table 2) due to 
nucleation effect, as we know clay is one of 
the best nucleating agent. 
The fig.3 (a) show properly dispersed ATP 
clay particles into the K-CRG biopolymer 
matrix of 4 wt% concentration. The fig.3 (b)  
 

shows the formation of agglomerates of 
5wt% loading of clay in K-CRG biopolymer 
matrix. 

 
Fig. 2 

 
Table 2 

ATP loading %Crystallinity 

0% 4.95 
1% 5.13 
2% 5.97 
3% 6.90 
4% 8.08 
5% 8.11 

 

Table 1: Mechanical Properties 

ATP loading 
(w/w %) 

Tensile 
strength 
(Mpa) 

Elongation at 
break 
(%) 

Young’s 
modulus 
(MPa) 

Tear 
strength 
(N/mm) 

Stiffness 
(N/m) 

K-CRG film (0%) 15.20 22.16 161.09 0.201 4139.1 

1% 17.41 20.86 218.61 0.24 5550.3 

2% 21.10 16.67 272.79 0.319 6745.3 

3% 22.52 15.72 285.02 0.344 7410.3 

4% 22.67 15.60 254.09 0.362 7512 

5% 17.33 22.72 164.05 0.226 5806.4 
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 Fig. 3      (a)                                 (b) 
Table 3 shows, as the concentration of ATP 
clay increases upto certain level (4 wt %), 
there is reduction in oxygen permeability of 
the K-CRG biopolymer films.    
Decrease in water vapour permeability of the 
K-CRG biopolymer films upto 4 wt% con-
centration of the ATP clay with respect to K-
CRG biopolymer matrix was observed. (Ta-
ble 4) 

 
Table 4 

ATP Concen-
tration 

Water Vap. Transmission 
Rate (gm.mm/cm2) 

0% 0.0028 
1% 0.0018 
2% 0.0017 
3% 0.00078 
4% 0.0006 
5% 0.002 

 
4. Conclusions 

The 4 wt% loaded films showed rise in 
tensile strength by 50%. The WAXD analy-
sis showed increase in percent crystallinity 

by 60% for 4 wt% loading which could be 
compared with the mechanical properties. 
The reduction in the water vapor  permeabil-
ity as well as oxygen permeability suggest 
that the well dispersed ATP clay K-CRG 
films showed improvement in water vapor  
and oxygen barrier properties. Thus, it could 
be concluded that attapulgite could be used 
for imporving the properties of K-CRG bio-
polymer films. 
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Table 3 
ATP con-
centration 

Co- efficient O2 P 
(cm3.cm/cm2.s.cm.Hg)×10-14 

0% 0.16 
1% 0.14 
2% 0.13 
3% 0.11 
4% 0.088 
5% 0.1 
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Abstract 
Conventionally electrospinning 

technique has been widely used to generate 
polymer fibers in the diameter range of 200-
1000 nm. In the present study we report the 
fabrication of ultrafine sub 50 nm bead-free 
polymer fibers using electrospinning 
technique. The polymer used was 
Polyvinylidene chloride -co -acrylonitrile 
(P(VDC- co - AN)). For electrospinning we 
prepared a 10 wt% (w/w) of the polymer 
solution in DMF with 0.2 wt% of N-cetyl 
N,N,N trimethyl ammonium bromide which 
acts as a surfactant to tailor the surface 
tension of the solution. Co-polymers of 
PVDC are commercially used for many 
purposes as they possess a high degree of 

water impermeability. Rate of charge 
transfer and absorption of water, from 
ambient humidity greatly dictate the fiber 
diameter in electrospinning. We propose 
that, the impermeability and water resistant 
nature of PVDC is responsible for the 
formation of electrospun fibers with such 
fine diameters. To establish the supposition 
further experiments were carried out wherein 
the relative humidity was varied and its 
effect on the fiber diameter was studied. The 
P(VDC - co -AN) copolymer was then 
blended with Poly acrylonitrile(PAN) in a 
3:2 weight ratio and electrospun to form 
nanofibers which on pyrolysis resulted in the 
formation of carbon nanofiber having a  
diameter lesser than 100 nm.  

Keywords: Electrospinning, PVDC, PAN, ultrafine nanofibers. 
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Abstract 
 Fish scales, a chitinous solid waste of the fish processing industry, was used as a substrate for chitinases 
production by the marine fungus Aspergillus oryzae, in a solid state fermentation (SSF) culture. The physical 
process parameters influencing SSF were optimized. A maximum chitinase yield of 0.291 mg/ml. was obtained 
in a medium containing a 5:4 ratio (w/v) of fish scale/sea water, 1% (w/w) NaCl, 2.5% (w/w) KH2PO4, at 32°C, 
initial pH 5.5, and after 8 days of incubation. The results indicate scope for the utilization of fish scale 
processing waste for the industrial production of chitinase by using solid state fermentation. 
Keywords: Aspergillus oryzae, chitinase, fish scale, solid state fermentation. 
 

1. Introduction 
 Chitinases are used for control of phytopathogen-
ic fungi and insect pests, used for the isolation fungal 
protoplasts, preparation of bioactive chitin oligosac-
charides; reclamations shell wastes chitin, and pro-
duction of single cells protein. In spite of many in-
dustrial applications, high cost of the enzyme limits 
the commercial exploitation of chitinases. The main 
source of chitin originates from waste like shells of 
crabs shrimps and fish scales produced by food 
processing units.  
 The conventional method of seafood waste 
processing include chitin disposal by ocean dumping, 
incineration and land filling. However, factors such 
as cost of transportation and environmental pollution 
have prompted the search for alternative disposal me-
thods. Bioconversion of wastes is probably the most 
cost effective method and environmental friendly 
procedure for waste utilization. 

Solid state fermentation is a low cost technology 
fermentation process particularly suitable for exploit-
ing agro-industrial wastes. In the present study sub-
strates like crab shell, fish scales, prawn waste, mu-
shroom waste and wheat bran were screened for chi-
tinases production using different fungi and bacteria 
under solid state fermentation conditions; and an at-
tempt has been made to utilize the solid waste from 
the fish processing industry (fish scales) for chitinase 
production through SSF. 
 
2. Experimental 
2.1 Substrate for SSF: In the present study, fish 
scales of L. rohita were collected from the market 
and washed with de-ionized water, dried in mechani-
cal drier for 24 hours at 100 oC. Then, after adding 

required quantity of distilled water, scales (1 g scale / 
ml of water) were steamed for 30 min prior to fer-
mentation. This is necessary because denaturation of 
the collagen structure helps to moisture uptake and 
improves the diffusivity of the enzyme in scale sub-
strate to increase its susceptibility to hydrolysis. After 
steaming, scales were dried in mechanical drier and 
then crushed to almost powder form. 
2.2 Microorganism: The fungus Aspergillus oryzae 
NCIM was procured from NCIM, NCL Pune.  
2.3 Solid State Fermentation: Solid substrate (5 g) 
was taken in petri plates (86 mm diameter and 17 mm 
height), mixed with aged sea water to a solid/liquid 
ratio of 5:4 (w/v) and autoclaved at 121 °C for 1 h. 
After cooling to room  temperature (32 .0 °C) it was 
inoculated with 2 ml of inoculum and incubated at 27 
°C at 90% relative humidity [1]. 
2.4 Enzyme Extraction: After incubation, the fer-
mented solid from the petri plates were transferred to 
250 ml conical flasks, mixed with 25 ml (5 X vo-
lume, based on initial dry weight of the substrate) 
distilled water and mixed thoroughly on a rotary 
shaker (150 rev/ min) for 30 min. The entire contents 
were squeezed through a cheese cloth. After extract-
ing twice the extracts were pooled, centrifuged at 4 
°C for 20 min at 10,000 rev /min and the clear super-
natant was used as crude enzyme for various assays 
[1]. 
2.5 Analytical Procedures: Chitinase activity was 
measured by incubating 1 ml of enzyme solution with 
5 mg of colloidal chitin in 1 ml of 0.1 M citrate± 
phosphate buffer (pH 6.0) at 37 °C for 2 h. The reac-
tion was terminated by placing the tubes in a boiling 
water bath for 5 min, and the undigested material was 
removed by centrifugation at 5000 rev/min for 5 min. 
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The reducing sugar produced was measured colori-
metrically using the dinitrosalicylic acid (DNS) rea-
gent [2] with N-acetyl-D-glucosamine as standard. 
2.6 Optimization of process parameters: Various 
fermentation parameters that influence the enzyme 
production during SSF were optimized over a wide 
range. The strategy adopted for standardization of 
fermentation parameter to evaluate the effect of an 
individual parameter and incorporate it at standard 
level before standardizing the next parameter. The 
process parameters optimized with study include in-
cubation time, incubation temperature, moisture lev-
el, inoculum age, pH and inoculum volume. 
 
3. Results and Discussion 

To determine the optimal incubation time for the 
production of chitinase, flasks were incubated for 4, 
5, 6, 7, 8 and 9 days. Table 1 shows the enzyme ac-
tivities in different incubation periods. The maximum 
enzyme activity was recorded on 5th day with 0.182 
mg /ml activity. Further increase in time decreased 
the enzyme activity. 

Temperature range of 26 to 34oC (26, 28, 30, 32 
and 34oC) were studied to determine its optimum 
production of chitinase. Maximum enzyme activities 
were noted at 32oC (Table 2). 

A range of 20 to 100 % (v/w) initial moisture 
content was used and the results indicated that a posi-
tive relationship between moisture content and chiti-
nase production  up to 80% but further increase in 
moisture content inversely influenced the enzyme 
production (Table 3). The moisture content of the 
substrate is one of the critical factors influencing the 
outcome of SSF, and is governed by water holding 
capacity of substrate. 

To determine the effect of inoculum age on the 
production of chitinase production, flasks were incu-
bated with different inoculum ages (1, 2, 3, 4, 5, 6, 7 
and 8 day’s inoculums) and the results indicate that 
the maximum chitinase activity was recorded with 8th 
day inoculum (Table 4). 

The pH of the production medium was adjusted 
to 2.0, 4.0, 6.0, 8.0 and 10.0 to study its influence on 
enzyme yield. Table 5 indicates that pH (4.0) was 
most suitable for enzyme production with 0.195 
(mg/ml) activity.  
 Different inoculum volumes such as 0.5, 1.0, 
1.5, 2.0, 2.5 and 3.0 (ml) were used to determine the 
optimum inoculum volume. Table 6 shows that max-
imum activity of 0.291 mg/ml with inoculum volume 
of 2.5 ml. 

The optimal set of conditions (physical pa-
rameters) for maximum chitinase enzyme production 
was as follows: incubation time (8 days), temperature 
(32oC), moisture level (80 % v/w), inoculum age (8 
days), pH (4.0) and inoculum volume (2.5 ml). The 
maximum yield of chitinase enzyme at these opti-
mum conditions was 0.291 mg/ml. 
 
Table 1:  Effect of incubation time on chitinase pro-
duction. 

 
Table 2:  Effect of temperature on chitinase produc-
tion. 

 
Table 3:  Effect of moisture level on chitinase pro-
duction. 

 
 
 
 
 
 
 
 

Sl. 
No.

Incubation time 
(days) 

Chitinase activity 
(mg/ml) 

1 4 0.052 
2 5 0.054 
3 6 0.091 
4 7 0.143 
5 8 0.182 
6 9 0.169 

Sl. 
No. 

Temperature 
(oC) 

Chitinase activity 
(mg/ml) 

1 26 0.143 
2 28 0.195 
3 30 0.196 
4 32 0.247 
5 34 0.182 

Sl. 
No.

Moisture level (% 
v/w) 

Chitinase activity 
(mg/ml) 

1 20 0.078 
2 40 0.117 
3 60 0.091 
4 80 0.208 
5 100 0.130 
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Table 4:  Effect of inoculum age on chitinase produc-
tion. 

 
Table 5:  Effect of pH on chitinase production. 

 
Table 6:  Effect of inoculum volume on chitinase 
production. 

 
 
 
 
 
 
 
 
 
 
 
 

4. Conclusions 
The results suggested that the suitability of 

using cheap and abundantly available fish scales as 
solid substrate for large scale production of chitinase 
in SSF process; thereby minimizing the high cost. 
Moreover, maximum utilization of this type solid 
wastes can also contribute to efficient solid waste 
management, were continuous accumulation of agri-
cultural wastes poses a serious environmental prob-
lem. 
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Sl. 
No. 

Inoculum 
volume 
(ml) 

Chitinase activity 
(mg/ml) 

1 0.5 0.104 
2 1.0 0.273 
3 1.5 0.286 
4 2.0 0.288 
5 2.5 0.291 
6 3.0 0.234 

Sl. 
No. 

Inoculum  age 
(days) 

Chitinase activity 
(mg/ml) 

1 1 0.104 
2 2 0.143 
3 3 0.169 
4 4 0.195 
5 5 0.130 
6 6 0.117 
7 7 0.196 
8 8 0.208 

Sl. No. pH Chitinase activity (mg/ml) 
1 2.0 0.130 
2 4.0 0.195 
3 6.0 0.180 
4 8.0 0.134 
5 10.0 0.052 
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Abstract 
Rice husk, an agricultural by-product, was treated with alkali and used as a low cost adsorbent for the removal 
of methylene blue from aqueous solutions in batch adsorption procedure. The experimental equilibrium data 
were fitted to the different isotherms by linear and non-linear method, with an explicit objective of comparing 
linear and non-linear regression methods for finding variation in isotherm coefficients and fitness of the models. 
Six linearized isotherm models and three non-linear isotherm model are thus discussed in this paper. In order to 
determine the best-fitting equation, the coefficient of determination (r2), average relative error (ARE), 
and the chi-square test (χ2

 
1. Introduction 
 The persistence of color in dye-bearing effluents 
is a serious environmental problem. This is mainly 
due to the non-biodegradable nature of the dyes along 
with the strong presence of toxic trace met-
als/acid/alkali/ carcinogenic aromatic amines in the 
effluents that accompanies from the dyestuff indus-
tries. With the search for new technologies involving 
the removal of toxic solute particles from wastewater, 
biosorption has emerged as an efficient and cost-
effective alternative to conventional contaminated 
water treatment facilities. 
 

 In the present study, alkali treated rice husk was 
used as an adsorbent for removal of methylene blue 
from aqueous solution. In the analysis and design, the 
equilibrium adsorption isotherms provide the most 
important piece of information in understanding the 
adsorption process. The widely used isotherms are 
Freundlich, Langmuir, Redlich-Peterson and Temkin. 
Linear regression is the most widely used technique 
to estimate the isotherm parameters. However, it has 
been seen that non-linear method provides a more 
complex mathematical method for determining iso-
therm parameter values and produce different out-
comes [1]. In this study, a comparison of linear and 
non-linear method of three widely used isotherms, 
Freundlich, Langmuir and Temkin, were examined 
for adsorption of methylene blue onto treated rice 
husk. For a better and meaningful comparison be-
tween the linear and non linear method, three error 
analysis methods namely the coefficient of determi-
nation(r

) were used as error analysis methods. Non-linear method was found to be more 
appropriate for estimating the isotherm parameters and the data were in good agreement with the Langmuir iso-
therm model. 
Keywords: rice husk; methylene blue; adsorption isotherm; linear method; non-linear method 

2), average relative error (ARE) and the chi-
square test(χ2) were applied to evaluate the data. 
 

2. Experimental 
 Rice husk was obtained from a rice mill of Dur-
gapur, West Bengal, India. It was suspended in 5% 
sodium hydroxide solution and then autoclaved 
at 15 psi for 20 min. The treated biosorbent was 
then washed and drie, and used in all the experi-
ments. Methylene blue solution was prepared by dis-
solving required amount of powder in 1 L distilled 
water. Experimental dye solution of different concen-
trations was then prepared by diluting the stock solu-
tion with suitable volume of distilled water. The ad-
sorption experiments were carried out in 250 mL Er-
lenmeyer flasks containing 100 mL dye solution (50 
mg L-1) using a fixed amount of treated rice husk. 
The flasks were agitated at 120 rpm and incubated at 
30 0

 In the linear method, the suitability of the Lang-
muir isotherm in describing the experimental data 
was analyzed using the four linearized forms of 
Langmuir equation Langmuir Type 1 was more suit-
able for describing the experimental data. The Freun-
dlich isotherm was more suitable in describing the 
sorption system than the other three linear forms of 
the Langmuir equation (Langmuir Type 2, Langmuir 
Type 3 and Langmuir Type 4). The Temkin isotherm 
did not represent the experimental adsorption data 
well. For the non-linear method, the software Origin 
version 8.0 was used for determining the isotherm 
parameters. Langmuir isotherm constants determined 

C in an incubator shaker. The initial and final 
concentration of methylene blue in the solution was 
analyzed using UV/VIS spectrophotometer and the 
adsorption capacity of the adsorbent was calculated.  
 
3. Results and Discussion 
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by non-linear method were quite close to the results 
of Langmiur Type 1. However, when the values of 
the different error functions corresponding to the 
non-linear Langmuir equation were analyzed, it was 
observed that the values of the error functions were 
lower than those of the four linear forms. A similar 
result was observed for the Freundlich isotherm. In 
the case of Temkin isotherm, the difference between 
the isotherm parameters obtained using the linear and 
non-linear method was very high. However, the val-
ues of the different error functions were much lower 
than their linear counterparts suggesting that the equi-
librium data set should be evaluated by non-linear 
method to ensure better results.  
 
Table 1: Calculated values of various error functions 
for different isotherms (linear system) 

 
Table 2:  Calculated values of various error functions 
for different isotherms (non-linear system) 

 
 Linear and non-linear analysis gave the Langmuir 
model as the best-fitting isotherm for the present 
equilibrium data. However, the values of the various 
error functions obtained from linear method and non-
linear method for the three isotherm models suggests 
the use of non-linear method for determination of 
isotherm parameters. This is mainly because trans-
formation of non-linear equations to linear forms im-
plicitly alters their error structure and may also vi-
olate the error variance and normality assumptions of 
standard least squares [2]. On the contrary, the 
drawbacks of linear method can be avoided by 
adopting the non-linear method, which is con-
ducted on the same abscissa and ordinate result-
ing in the same error distribution. 
 

 

0

10

20

30

40

50

60

70

80

90

0 50 100 150

qe
 (m

g/
g)

Ce (mg/L)

Experimental

Langmuir

Freundlich

Temkin

Figure 1:  Isotherms obtained using non-linear 
method 

 
4. Conclusions 
 In order to estimate the adsorption characteristics 
of a certain adsorption system, linear regression me-
thod is frequently used due to its simplicity. However 
it is not appropriate to use the linear method in pre-
dicting the goodness of fit of a particular isotherm 
model. This is mainly because transforming a non-
linear isotherm model to a linearized form tends to 
alter the error distribution, and thus distort the iso-
therm parameters. In the present investigation, this 
was confirmed by comparison studies with several 
error functions. Therefore, non-linear method is a 
better way to obtain the isotherm parameters than 
their linearized counterparts and thus it should be 
primarily adopted to obtain the adsorption parame-
ters. 
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Isotherm 2r  ARE χ2 
Langmuir Type 1 0.9961 3.0851 0.4035 
Langmuir Type 2 0.9830 6.2606 0.6079 
Langmuir Type 3 0.9789 8.4849 0.6487 
Langmuir Type4 0.9743 8.2883 0.6152 
Freundlich 0.9923 5.1315 0.5932 
Temkin 0.9598 10.0934 1.0547 

Isotherm 2r  ARE χ2 
Langmuir  0.9999 1.5291 0.0237 
Freundlich 0.9968 1.8245 0.0836 
Temkin 0.9734 4.4575 0.6135 
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Abstract 
This work reports the kinetic and equilibrium study of aqueous safranine dye adsorption onto treated rice 

husk in a fluidized bed column. The effects of important factors, such as the flow rate, and the influent 
concentration of dye were studied. It was observed that breakthrough time were dependent on flow rate and 
influent safranine concentration. To determine the characteristic parameters of the column useful for process 
design four models- Thomas, Adams–Bohart, BDST, and Yoon–Nelson models were applied to the 
experimental data obtained. The results showed that Thomas model best fitted with the experimental data at 
various flow rates, while Yoon-Nelson model was suitable with data at various safranine concentrations. It 
was concluded that fluidized rice husk column can efficiently remove safranine from solution. Moreover, it 
was observed that on increasing the concentration of aqueous safranine, adsorption capacity increased which 
in turn decreased on increasing the flow rate. Maximum adsorption capacity of 105.889 ×103 mg/g, 19.984 
×103 mg/g, and 22.438 ×103 mg/g was reported from Thomas model, Adams-Bohart model, BDST model 
respectively at 350 mg/l concentration with 4.2 ml/min flow rate. Least sum of square (SS) and χ2 error 
analysis were performed to find the best fit model with experimental data. Yoon-Nelson model and Thomas 
model gives the minimum SS and χ2 values at different safranine concentration and flow rate respectively. 
Keywords: Rice Husk; Aqueous Safranine; fluidised Bed; fluidization; Biosorption; Breakthrough 
Curve; Breakthrough time  

 

1. Introduction 
The wastewater generated by the textile 

industry is rated as one of the most polluting 
among all industrial effluents [1] as common 
constituents of these effluents are dyes. Therefore, 
their removal causes a big environmental concern 
in industrialized countries of the world. In this 
present work, rice husk has been used as an 
adsorbent. Rice husk is an agricultural waste 
material, annual generation of rice husk in India is 
18 to 22 million tons. Carboxyl, hydroxyl and 
amidogen etc. are some of the functional groups 
which make the adsorption process possible [2]. 
The presence of safranine cause several acute 
effects on health and it is reported as carcinogenic 
in nature. Due to its structural stability, safranine 
is difficult to biodegrade [3]. 

The aim of the present study is to explore the 
feasibility of utilizing rice husk for the adsorptive 
removal of safranine from wastewater in 
fluidization mode with a model system of aqueous 
safranine solutions. The effect of factors such as 
the initial dye concentration, flow rate on 
safranine adsorption by husk bed column was 
investigated. Thomas model, Adams–Bohart 
model, Yoon–Nelson model and BDST model 
were used to predict the performance of the 
experiment.  
 
2. Materials & methods 

Rice husk was washed with water and 
pretreated with 15% NaOH and at 1210C, 15 Psi 
for 20-25 min and was dried for 10h at 60 0C in 
the oven. Stock solution of safranine (1000 mg L–

1) was prepared in distilled water. Experimental 
aqueous safranine solutions of different 
concentrations (100,250,350mgL-1) were 
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prepared by diluting the stock solution using 
required amount of distilled water with all 
measurements done through volumetric flasks. 
 Continuous flow biosorption experiments were 
conducted in a glass column of 1.5 cm internal 
diameter. Different sets of experiments were 
conducted with various influent safranine 
concentrations, and different flow rates (3.2ml 
min-1,4.2 ml min-1 ,5.3 ml min-1 ). The 
experiments were carried out at room emperature. 
For varying safranine concentrations 5 gram rice 
husk was packed into a glass column and different 
concentrations i.e. 100, 250, 500 mg L-1 solutions 
was passed through bottom of the column by 
peristaltic pump in a fluidization mode. 
 

3. Results & Discussion 
With an increase of initial safranine 

concentration, the breakthrough curves are shifted 
from right to left, which indicates that, an increase 
in initial concentrations, safranine adsorption 
efficiency of rice husk decreases. 

 
Figure1: Breakthrough curves for adsorption 
of safranine onto rice husk at different 
safranine concentrations (v=4.5 ml/min, 5 gm rice 
husk)  

Different models were plotted on same graph 
to find the best fit model with experimental data 
with various conditions (all figures not shown) 

 
 

Fig.2: Comparison of breakthrough curves 
from different models with experimental data 
obtained at initial safranine concentration of 
250 mg L-1. (v=4.5 ml/min; 5gm rice husk) 

4. Conclusion 
On the basis of the results obtained in this 

investigation following conclusions was drawn: 
a. Rice husk can be used efficiently as 

adsorbent to remove safranine from 
aqueous solutions in fluidization mode. 

b. Adsorption of safranine was dependent on 
flow rate, inlet concentration. 

c. Thomas model and Yoon-Nelson model 
was found to be best fitted with experimental 
data at different flow rates and different 
safranine concentrations respectively. 
d. BDST model can also be used for 

describing initial breakthrough curve for 
different conditions. 
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1. Introduction 

Batch and semibatch polymerization 
control systems commonly include pre-
programmed recipe addition, startup and 
shutdown procedures. Most research efforts 
in batch process control have therefore been 
dedicated to the problem of designing a 
feedback controller that can compensate for 
strong effects of nonlinearity.Nonlinear 
cascade control [1],  generic model control 
and its variants [2,3] successive 
linearization-based control [3], feedback 
linearization [4].  
       Yoshikazu at al [6] worked on model 
predictive control with single heat transfer 
fluid for batch reactor temperature control, 
in the batch process, temperature control 
performance of the fluid inside the batch 
reactor using heating or cooling media was 
the most important factor to determine the 
product quality or to minimize the by-
product generation. A practical solution to 
the temperature control issues for batch 
process reactors by combining model 
predictive controller and silicone oil based 
single heat transfer fluid.  

By combination of model predictive 
controller and Single Silicone oil based 
heating / cooling media; it was possible to 
realize the good temperature control 
performance for wide temperature range, i.e. 
minus 500C to 1500C. 
 
2. Experimental 

parul.arora07@gmail.com

Abstract 
The main concern of this paper is to control the temperature of the reactor. A model has 

been develop in MATLAB results has been taken. 

        A mathematical model has been 
develop for the temperature control of the 
batch emulsion polymerization reactor for 
PMMA. The control scheme used is shown 
in fig 1. 
Energy balance is an accounting of 

• Rate of heat flow into the reactor 
with reactants. 

• Rate of heat flow out of the reactor 
with products. 

• Rate of heat generated / absorbed by 
reaction. 

• Rate of heat added/removed from 
reactor. 

• Work done by stirrers and friction. 

 

Fig.1: Temperature Control in Batch PMMA 
Emulsion Polymerization Reactor System. 
 

Equations used in model is tabulated in table 
given below 

Table 1: Equations of the model used 



75 

 

Process 
energy 
equation 

( )P P i i M
dTVC HR h A T T
dt

ρ = ∆ − −  

Energy 
equation 
for metal 
wall 

( )M
M PM M i i M os o M J

dTC V h A T T h A T T
dt

ρ = − − −

 

Energy 
equation 
for hot 
water 

( )J J
J S S S o o J M C C

dUV F H h A T T W h
dt
ρ ρ= − − −

 

Energy 
equation 
for cold 
water 

( ) ( )0
J

J J J W J J J J o o M J
dTC V F C T T h A T T
dt

ρ ρ= − − −

 

Energy 
equation 
for jacket 

( ) ( )hot cold JJ hot hot cold cold J R J

J J J J J

F F TdT F T F T UA T T
dt V V V Cρ

++ −
= − +

 
 

3. Result and discussion 
A program was run in MATLAB for 

temperature control.  

 

Fig 2: Reactor  Temperature Vs Time 
Profile During Emulsion Polymerization of 
PMMA 

Reactor temperature (Tr) is varying 
initially because polymerization reaction is 
exothermic reaction so it produce effects 
then after it becomes constant  from a 
particular time i.e.150 min. Reactor jacket 
temperature (Tj) is varying initially because 
the reactor temperature (Tr)  also varying 

with time, this phenomena is occurs due to 
polymerization reaction is exothermic 
reaction so it produce heat  effects as shown 
in fig 3. 
 

 
 
Fig.3: Reactor Jacket Temperature Vs Time 
Profile during Emulsion Polymerization of 
PMMA 

Two reactor temperature controllers are 
used,The first controler manipulates the hot 
and cold streams used to heat or cool the 
reactor. The second controller manipulates 
the feed flow rate. The maximum flow rate 
of the cold stream occurs at the end of the 
ramp when the temperature has exceeded 
340 K as shown in fig 4. 
 

 
 
Fig 4: Flow Rate of Water Vs Time Profile 
During Emulsion Polymerization of PMMA 
 
4. Conclusion 

The reaction is exothemic, temprature 
fluctuate. A controller can be used to 
maintain the temprature. This was a 
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dynamic study of the reactor and we hope 
we will do on-line control of the parameter 
in making the PMMA by emulsion 
polymerization process. This would be 
carried out in future in our laboratory as the 
work is going on this direction in laboratory.    
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Nomenclature 
Uj = internal energy of hot water in jacket,     
Btu/lbm 
Hs =enthalpy of incoming hot water, 
Btu/lbm 
hc = enthalpy of liquid cooled, Btu/lbm  
M = molecular weight of hot water 
Q = heat transfer rate 
U = overall heat transfer coefficient  

HA = heat transfer area 
Tj=temperature of cooling water in jacket,  
ρj =density of water, lbm/ft3 
Cj =heat capacity of water, Btu/lbm  
Tj0 =inlet cooling water temperature 
Fhot = are the flow rate of the hot  
Fcold =cold streams fed to the circulating 
water 
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   Abstract 
           The present study deals with the competitive adsorption of aniline (AN) and catechol (C) from 
aqueous solution onto granular activated carbon (GAC). The adsorption capacities for the binary mix-
tures–GAC system are in the order C > AN. The combined equilibrium sorption of AN and C onto 
GAC is found to be antagonistic in nature and the extended Freundlich model was found to best repre-
sent the binary equilibrium isotherm data. 
Keywords: Binary adsorption; GAC; multi component isotherms; aniline; catechol. 

 
1. Introduction 
              The explosive population growth and 
expansion of urban areas has exacerbated the ad-
verse impacts on water resources. Since growing 
populations result in significant increases in 
wastewater volume, there is an urgent need to 
develop innovative, effective and inexpensive 
technologies to treat wastewater and also com-
mon problem in most industries is the disposal of 
large volume of wastewater containing organic 
compounds. 
             Phenol (P) and its derivatives and asso-
ciated compounds are very important organic 
intermediates, used in a the manufacture of many 
products in such units as drugs, rubber, pesti-
cides, varnishes and also, dyestuffs, chemicals, 
petrochemicals, paper, wood, metallurgy and 
cocking plants [1]. For example, a hydroxy aro-
matic compound, such as C is used widely as 
industrial solvents. C (1, 2 dihydroxybenzene) is 
also widely used to produce food additive agents, 
hair dyes, and antioxidants [2]. C is irritant to 
skin, eyes and mucous membranes. Acute intoxi-
cation with resorcinol and C occurs mainly by 
the oral route; symptoms are nausea, vomiting, 
diarrhea, pulmonary edema, tachypnea, and de-
pression of central nervous system. 
            AN has been found to distribute in an 
aqueous environment and causes teratosis in aq-
uatic species. It reacts easily in the blood to con-
vert hemoglobin into methahemoglobin, thereby 
preventing oxygen uptake [3]. 

Phenol and associated compounds have 

been listed as priority-pollutants by the Ministry 
of Environment and Forests (MoEF), Govern-
ment of India and Environmental protection 
agency (EPA), USA. MoEF has prescribed that 
concentration of phenols should not exceed 1.0 
mg/l for their discharge into the surface waters 
and 5.0 mg/l for discharge into the public sewers, 
on land for irrigation and marine coastal areas. 
These limits have generally been defined on the 
basis of the total phenols present in the effluent. 
More of work on the adsorption of pollutants by 
various kinds of adsorbents has focused on the 
uptake of single pollutant. Adsorption of AN [4] 
and many works have been reported in the ad-
sorptive removal of phenolics from aqueous so-
lutions [5]. Since industrial effluents can contain 
several pollutants, it is necessary to study the 
simultaneous sorption of two or more pollutant 
and also to quantify the interactive affect of one 
pollutant on the other. Thus, the study of adsorp-
tion of pollutant from binary systems is very im-
portant.  
            Since industrial effluents can contain 
several pollutants, it is necessary to study the 
simultaneous sorption of two or more pollutants 
and also to quantify the interference of one pol-
lutant with the sorption of the other. Thus, the 
studies on equilibrium adsorption of pollutants 
from binary and ternary systems are very impor-
tant. The equilibrium adsorption isotherm equa-
tions proposed for single-component adsorption 
have been extended and modified to represent 
the binary and multi-component adsorption equi-
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libria. However, no information is available in 
literature for the simultaneous removal of AN 
and C by granular activated carbon (GAC).  The 
present study deals to determine the applicability 
of non-competitive adsorption isotherm models 
(i.e., Freundlich, Langmuir and Redlich–
Peterson (R–P)) based on the regression analysis 
for single component.  
 
2. Experimental 
           Batch adsorption experiments were per-
formed for simultaneous removal of AN and C 
by GAC employing 27 experimental trials. For 
each experimental run, 100 ml aqueous solution 
having 50 ml of each adsorbates solution (viz. 
AN and C) of known concentration was taken in 
a 250 ml stoppered conical flask containing spe-
cific amount of GAC. These flasks were agitated 
at a constant shaking rate of 150 rpm in a tem-
perature controlled orbital shaker (Metrex Scien-
tific Instruments, New Delhi) maintained at 
30oC. The samples withdrawn after appropriate 
contact time were centrifuged using Research 
Centrifuge (Remi Instruments, Mumbai) at 
10000 rpm for 5 min and then the supernatant 
liquid was analyzed for the residual concentra-
tion of adsorbates.  
 The removal of adsorbates from the solution 
and the equilibrium adsorption uptake in the sol-

id phase, totq  (mg/g), were calculated using the 
following relationships: 





2

1
,,0 /)(

i
ieitot mCCq          

Where, ioC ,  is the initial adsorbates concentra-
tion (mmol/l), ieC ,  is the equilibrium adsorbates 
concentration (mmol/l), and m  is the adsorbent 
dose (g/l). 
Add here information regarding the experimental 
details of your research. 
 
3. Results and Discussion 
        Equilibrium isotherms for the binary ad-
sorption of AN and C onto GAC have been ana-
lyzed by using non-modified Langmuir, modi-
fied Langmuir, extended Langmuir, extended 

Freundlich and Sheindorf–Rebuhn–Sheintuch 
(SRS) models. The adsorption capacities for the 
binary mixtures–GAC system are in the order C 
> AN. The combined equilibrium sorption of AN 
and C onto GAC is found to be antagonistic in 
nature and the extended Freundlich model was 
found to best represent the binary equilibrium 
isotherm data. Desorption with various solvents 
showed that the sodium chloride is the best sol-
vent. The GAC along-with the adsorbed AN and 
C can be dried and used as a fuel in the boi-
lers/incinerators, or can be used for the produc-
tion of fuel-briquettes. The bottom ash may be 
blended with clay to make fire bricks, or with 
cement-concrete mixture to make colored build-
ing blocks thus disposing of AN and C through 
chemical and physical fixation. Thus, spent GAC 
could not only be safely disposed but also its 
energy value can be recovered. 
 
Conclusions 
 The simultaneous adsorption phenomena of 
AN and C on the GAC were explained by vari-
ous multicomponent equilibrium sorption mod-
els. Based on Marquardt’s percent standard de-
viation error function, the extended Freundlich 
adsorption model, showed the best fit to the bi-
nary experimental sorption data. 
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Abstract 
          Lignocellulosic biomass can be 
utilized to produce ethanol, a promising 
alternative energy source for the limited 
crude oil. Many factors, like lignin content, 
crystallinity of cellulose, and particle size, 
limit the digestibility of the hemicelluloses 
and cellulose present in the lignocellulosic 
biomass. Pretreatments have as a goal to 
improve the digestibility of the 
lignocellulosic biomass. Each pretreatment 
has its own effects on the cellulose, 
hemicelluloses and lignin. This paper deals 
with the effects of alkali pretreatments on 
the Banana Sheath to improve its 

digestibility. Based on a five level central 
composite design (CCD) involving the 
variables chip size, concentration of NaOH, 
weight and size of the sheath, a response 
surface methodology (RSM) for the 
pretreatment of  banana sheath for the 
production of ethanol was standardized. The 
design contains a total of 31 experimental 
trials in which the first 25 organized in a 
factorial design and from 26 to 31 involving 
the replications of the central points. The 
regression equation coefficients were 
calculated and the data fitted to a second-
order polynomial equation. 

Keywords: central composite design; response surface methodology; pretreatment of banana 
sheath. 
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Abstract 
           The effects of synthetic dye and chemicals used at the time of dyeing have forced us to concern 
about the alternative preparation of dye using natural sources due to the harmful effect of using syn-
thetic dye. In India, West Bengal is the fourth position to cultivate flowers but a huge amount of flow-
ers are wasted everyday in West Bengal. These wasted flowers create a big problem for disposal as 
well as these can create environment pollution also. But these unsold flowers can be used for dyeing 
purpose for Textile and residuals can be used as bio-fertilizers also. These flower dyes are eco-friendly 
also and it has no side effect on skin. An attempt has been made in laboratory scale and in pilot plant 
also using flame of forest flower for dyeing of textile fibre to get a clear idea of preparation of dye 
from these flowers and using it in Textile Industry and making the process economically viable.  
Keywords: Floral dye, production of dye, uses of flower, synthetic dye 
 

1. Introduction  
 Dyeing of textiles mean giving them a co-
lour, this is of comparative permanence. It im-
plies that it should not be possible to wash the 
colour out easily in laundering, nor should it fade 
rapidly when exposed to light. Dyeing is an an-
cient art practiced since ages in various parts of 
world. The tradition of extracting colours from 
various flowers, leaves and seeds is still followed 
in many villages of India. However after devel-
opment of textile industries people have switch-
ed over to synthetic dyes as they are more effec-
tive and cheaper than the natural dyes.  
 Today dyeing is a complex, specialized 
science. Nearly all dyestuffs are produced from 
synthetic compounds. This means that costs have 
been greatly reduced and certain applications far 
enhanced. In textile industry, effluent of dyes & as-
sociated chemicals are source of water pollution. 
Thus creating a environmental concern in many 
countries. An attempt has been made in laboratory 
scale and in pilot plant using flame of forest flower to 
extract dye from them and to get idea about the eco-
nomic viability of the dye produced. Flame of forest 
flower is found in abundance in area of West Bengal. 
They are orange and vermilion in colour covering 
the entire crown of the tree.  
 
2. Experimental 
 The widely available flame of forest flower 
easily available in our institute campus was se-
lected. 

2.1 Aqueous extraction of colours from the flow-
ers: 1:10 concentration of flower and water is 
taken for experiments.(10gm flower in 100 ml of 
water).The coloured extract solution obtained by 
heating the mixture to 80°C for test at different 
time and then at different temperatures 
This extract solution is divided into two parts 
 a) the part to be analyzed without any addition.  
 b) the one to be treated with amylase and then 
analyzed. Amylase is taken as a mordant.  
 
3. Results and Discussion 
3.1 At constant temperature 
 
Table 1.  Total dry weight of the dye extracted 
Time TDS without amy-

lase 
TDS with amylase 

30 424 1284 
60 924 2076 
120 1738 2156 
 
 

 
Without amylase 
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With amylase 
 
The addition of amylase as mordant leads to 
more dye extraction 
3.2 At variable temperatures 
 
Table 2.  Total dry weight of the dye extracted 
(different temp) 
Temp(°C) Dye extracted (in ppm) 

40 260 
60 248 
80 236 
28 (RT) 272 
 
3.3 At different concentration 
 
Table 3.  Total dry weight of the dye extracted 
(different concentrations) 
Conc. Dye extracted (in ppm) 

1:6 400 
1:8 968 
1:10 1340 
 
Thus significant amount of dye is extracted at 
1:10 conc. and at room temperature. The cotton 
cloths are dyed with this formulation with alum. 
The cloths showed good adherence with the dye. 
To avoid any of the fungal or bacterial growth 
natural antimicrobial agents were used. 
This method of dyeing has been demonstrated in 
village with the help of NGO and is in regular 
practice of village people. 
3.4 Inhibition Test: 1:10 solution of flower with 
1g amylase is then mixed at different ratios with 
the three natural sorbents neem,tulsi and garlic 
and observations are taken and compared with 

the sample containing only the flower and amy-
lase. The test showed best results with neem. 
3.5 Effect of Addition Of Different Reagents: 
Addition of various reagents from the extract 
leads to formation of various different colours. 
 
4. Conclusions 
From our experiments we can conclude that 
Flame of forest flower can be successfully used 
in the field of dyeing textile cotton without the 

use of any chemicals which can be harmful to the 
skin as well as fabric. 
We can get different shades of colour using dif-
ferent mordants & the colourfastness, and wash 
fastness properties can also be improved by dif-
ferent treatments procedure. So it can be used in 
small scale Industry as well as in large scale in-
dustry. 
The process of extraction of dye is economically 
viable as the raw materials are available at low 
cost. Thus, the cost of production of the dye is 
also very low. 
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Reagent Used  Colour Change  

copper sulphate  lemon green  

pottasium dichromate  wine colour  

magnesium sulphate  light orange  

iron chloride  dark green  

zinc sulphate mono-
hydrate  

amber  

tin chloride  chrome yellow (tur-
bidity)  

http://www.agr.unipi.it/colorinaturali/natdyes.html�
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Abstract 
            The main goal of this study was to exploit low-cost and efficient sorbents for the removal of 

malachite green dye from wastewater using clayey soil.  Clayey soil was collected from the river of 

Matla, West Bengal, India and was air dried for 24 hours at 110
0
 C. Batch kinetic and equilibrium ex-

periments were conducted to determine the adsorption kinetic rate constants and maximum adsorption 

capacities of this clay soil . It is observed from the experimental results that almost 96 % dye can be 

removed from the solution by using this clay soil. Langmuir adsorption isotherm and Freundlich iso-

therm model has been used to describe the distribution of dye between the liquid and solid phases in 

batch studies. From the experimental results rate constant, activation energy, ΔG
0
, enthalpy, entropy of 

the reaction is calculated to determine the mechanism of the sorption process.  

Keywords: biosorption, adsorption isotherm, adsorption kinetics, thermodynamic properties 

 

1. Introduction 

              Adsorption is defined as a process 

wherein a solute is removed from the liquid 

phase through contact with a solid adsorbent 

which has a special affinity for that particular 

solute. Clays are distinguished from other small 

particles present in soil such as silt by their small 

size, flake or layered shape, affinity for water 

and tendency toward high plasticity. Malachite 

green, also called basic green 4 or Victoria green 

B, is a toxic chemical primarily used as a dye. It 

is generally used in fish and dye industry. Mala-

chite green is used to dye materials like silk, 

leather, and paper. The chemical known as mala-

chite green does not actually contain the mineral 

malachite— the name comes from the similarity 

of color. Clay minerals are the most important 

chemical weathering product of soil. It is a fine-

grain of particles when properly crushed and 

pulverized, become plastic when wet, better hard 

when dried and on firing it is converted into 

permanent rock like mass. It is an aggregate of 

mineral particles of microscopic and submicros- 

copic range having particle size less than 

0.002x10
-3

 m. Clay minerals are important in 

soils because they contribute negative charge for 

cation exchange. 

 

 

 

2. Experimental 

               The primary objective of this study was 

to determine the dye sorption ability of clayey 

soil using the batch method. The adsorption ca-

pacity was studied as a function of agitation 

speed, pH, contact time, initial dye concentration 

and temperature. Malachite Green used in this 

study was of commercial purity (CI 42000, FW: 

365, MF: C23H25N2Cl) and was used without fur-

ther purification.The equilibrium relationship 

between the adsorbate concentration in the liquid 

phase and that on the adsorbent's surface at a 

given condition is explained through the Freun-

dlich and Langmuir isotherm. In the present in-

vestigation, pseudo-first-order and pseudo-

second-order kinetic models have been used for 

testing the experimental data.  

 

3. Results and Discussion 

3.1 Effect of agitation: % removal of dye was 

found to be maximum at 200 rpm. 

3.2 Effect of temperature: % removal of dye was 

founded to be maximum at 323K. 

3.3 Effect of pH: Maximum absorption of dye 

was observed at slightly alkaline solution with 

same dye and adsorbent conc. 

3.4 Effect of adsorbent dosage: High adsorbent 

dosage showed higher adsorption with same time 

and dye conc. 
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Figure 1: % removal as a function of time at dif-

ferent initial dye concentration 

3.5 Effect of Initial dye concentration: 40mg/l 

dye concentration showed more removal of dye 

when added with same amount of adsorbant. 

3.6 Adsorption isotherm: Adsorption isotherm is 

thermodynamic basic of separation processes and 

determines the extent to which a material can be 

adsorbed onto a particular surface. 

 In the present study, two different adsorption 

isotherms were tested to find the most suitable 

one: Langmuir and Freundlich models  

 

 

 

 
Figure2: Langmuir Isotherm 

 

 

 

 

 

 

 

 

 

 

 
  Figure 3: Freundlich Isotherm 

 

3.7 Adsorption Kinetics : Pseudo-second order 

and pseudo first order kinetic models were used. 

 

4. Conclusions 

1. Adsorption of malachite green increased with 

an increase in pH(7-9) and temperature(303-

323 K).  

2. The adsorption equilibrium data showed 

good fit to the Langmuir isotherm model. 

The maximum adsorption at pH 8,temp.303 

K was 37.97 mg g
−1

. 

3. The adsorption kinetics followed pseudo-

second-order kinetic equation. 

4. Gibbs free energy (∆G
0
) was spontaneous for 

all interactions showing the feasibility of the 

adsorption process. The adsorption process 

was endothermic (∆H
0
 = 40.92 kJ mole-1) 

accompanied by positive entropy ( ∆S
0
 = 

153.95 J mole-1 K-1). 
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Abstract 

RNA interference is an intracellular mechanism that can be used as a powerful tool 
for gene silencing mediated by small interfering RNAs (siRNA). For effective gene 
silencing suitable parameters/ features should be incorporated in the design. Present 
research work focused on incorporating major design parameters i.e. Reynolds’s design 
rules, thermodynamic stability, internal repeats, immuno-stimulatory and other motifs in 
the design tool. The viability of the tool is established with curated and validated dataset. 
In general, the results show that the siRNA constructs produced by the designed tool have 
better thermodynamic score, positional properties and comparable off-target silencing, as 
desired. 
Keywords: RNA interference; small interfering RNA; BLAST 
 
1. Introduction 

RNA interference (RNAi) is an 
evolutionary conserved mechanism of 
most eukaryotic cells that uses small 
double stranded RNA (dsRNA) molecules 
to direct sequence-dependent control of 
gene activity [1]. Therapeutic 
manipulation with RNAi has recently 
emerged as an alternative approach for the 
selective gene silencing of disease-linked 
genes. Its potential for the treatment of 
human diseases is being explored and is 
an area of active research [2]. The most 
crucial and critical step in effective and 
specific RNAi processing is selection of 
suitable siRNA construct molecule.  
 
2. Methods 

Efficient gene silencing can be 
achieved by a reliable computational 
design tool. Although there are various 
tools available for siRNA design, 
however, there is still a need to improve 
and optimize the design criteria for 
efficient silencing. The major empirical 
and rational characteristics described till 
date in open literature were reviewed. In 
the present study, major design 
parameters i.e. Reynolds’s design rules 

[3], Ui-Tei’s rules [4], thermodynamic 
stability, internal repeats, immuno-
stimulatory motifs have been 
implemented in the siRNA design tool. 
The computational parameters have been 
weighted and implemented into the 
siRNA designing tool. Generalized-string 
kernel function (GSK) has been used to 
predict siRNA efficacy of the design 
constructs in the literature [5]. The same 
has been used to tune weight parameters 
as well as to include additional parameters 
to increase the prediction capabilities of 
the GSK. 
 
3. Results and Discussion  

The viability of the tool is checked 
with curated and validated dataset from 
the MIT/ICBP database [6]. All genes 
from the dataset have been analyzed and 
compared with documented siRNA 
constructs. In general, the present results 
show that the siRNA constructs produced 
have better thermodynamic score and 
positional properties. For off-target 
search, NCBI BLAST, –S 2 –W 7 –e 1000 
were performed with RefSeq mRNA 
sequence set from NCBI database. The 
BLAST results show comparable off-
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target silencing with the documented 
siRNA constructs.  
Various models were generated with 
additional parameters for nucleotide 
combinations.  
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Figure 1:  Parity plot for the regression 
model with nucleotide information 
 
The parameters were tuned for all these 
models. The values of the design 
parameters, their squares and with 
nucleotide combinations were used to fit a 
regression model on the dataset as 
described previously [7]. Regression 
model with nucleotide information 
showed the best fit and highest correlation 
(0.76 as compared to 0.62 or 0.66 for 
regression models without nucleotide 
information).  
The developed tool can be in general used 
to design siRNA molecule for various 
diseases targets. In future this tool will be 
used to construct siRNA molecule against 
Alzheimer’s disease target. 
 
4. Conclusions 

A siRNA design algorithm and an 
easy to use GUI tool were developed and 
implemented. The developed tool’s 
viability has been established by 
predicting and comparing the siRNA 
constructs for genes in the MIT/ICBP 
database. The predictions, in general, are 
observed to have better values for 
thermodynamic stability and other design 
criteria while having almost comparable 
off-target silencing effect. It is 
recommended that in silico results 

obtained in this study should be verified in 
vitro.  
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Abstract  
A novel bacterial consortium TJ-2 for complete mineralization of aromatic amines 

resulting from decolorization of azo dyes is developed. In the consortium three bacterial 
strains are identified by 16S rRNA gene sequence analysis. Aromatic amine 
mineralization, carried out under aerobic conditions on model aromatic amines, show that 
aromatic amine mineralization depends upon the structure of aromatic amine. The 
consortium also mineralized other aromatic amines resulting from simulated wastewater 
containing mixture of sixteen structurally different azo dyes.  
Keywords: Azo Dyes, Aromatic amines, Bacterial consortium, Mineralization, 16sRNA  
 
1. Introduction  

Azo dyes are reductively cleaved 
by various microorganisms under 
anaerobic conditions to the corresponding 
aromatic amines [1]. These amines are 
further metabolized aerobically. Therefore, 
one approach for the bioremediation of azo 
dyes is a sequential anaerobic/aerobic 
treatment.  

It is well established that azo dyes 
are cleaved by living organisms and thus 
the aromatic amines are released in the 
water bodies [1, 2]. These amines are more 
toxic than the azo dyes and are potentially 
mutagenic and carcinogeneic.  
 
2. Experimental methods 

All chemicals used were of 
analytical grade. The growth medium 
(GM) consisted of NH4Cl 0.4g, KH2PO4 
1.7g, Na2HPO4 9.5g, MgCl2 0.08g,   
CaCl2 

 

0.04g per liter of distilled water. 
Screening, enrichment and characterization 
of aromatic amine mineralizing consortium 
i.e. TJ-2 (TJ-21, TJ-22 and TJ-23) as well 
as analyses of amine degradation products 
were carried out. The consortium was 
designated TJ-2  

and was used for mineralization studies on 
the different aromatic amines.16sRNA 
technique was used for chromosomal DNA 
sequencing of TJ-2 consortia. The 
sequences were deposited in NCBI 
database [3].  
 
3. Results and discussion 

Aromatic amines formed from the 
reduction of sulfonated azo dyes are the 
focus of this study. A bacterial consortium 
(TJ-2) capable of mineralizing 
aminobenzenesulfonates (ABSs), under 
aerobic conditions, was enriched and 
isolated from soil of textile dyeing 
industry. TJ-2 could utilize aromatic 
amines as the sole source of carbon and 
energy. Each isolate from consortium was 
identified by 16S rRNA sequencing [TJ-21 
(EU072476) Pseudomonas 
pseudoalcaligenes, TJ-22 (EU072477) 
Pseudomonas citronellolis and TJ-23 
(EU072478) Pseudomonas testosterone].  
Mineralization with individual strains 
under aerobic condition was studied and 
the observations are reported in Fig. 
1.Although all individual strains could 
mineralize 4-ABS, on comparison, the 
mineralization was significantly higher for 
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the consortium at any given time. This 
concerted metabolic activity of the isolates 
leading to an increase in mineralization 
efficiency suggests a complementary role 
of the bacterial isolates in mineralization.  
 

  
Fig. 1 Degrdation of 4-ABS and biomass 
growth for individual strains and 
consortium 
 

Almost complete mineralization of 
4-ABS was observed within 18 hrs. With 
the consortia, biomass increases with 
higher rate than with individual strains and 
hence the mineralization was achieved in 
less than 6 hrs. It is envisaged that the 
extra-cellular enzymes are responsible for 
the amine degradation. It has been reported 
in the open literature that sulfonated 
aromatic amine are resistant to 
biodegradation due to less permeability in 
bacterial cell [5]. The enzymes produced 
by the bacteria are responsible for the 
aromatic ring cleavage. These enzymes are  
 
 
 
 
 
 
 
 
 
 
 

released in the extra cellular matrix of the 
bacteria; hence aromatic amines can be 
degraded extra-cellularly.  
 
4. Conclusions 

A novel consortium, TJ-2 has been 
isolated, identified and applied to 
sulphonated azo dyes. The consortium is 
also observed to achieve a significantly 
higher mineralization in much less time as 
compared to previously reported consortia 
under similar conditions. 
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Abstract 
Super hydrophobic surfaces have considerable technological potential for various applications due 

to their extreme water-repellent properties. Certain plant leaves, such as that of lotus, are known to be 
super hydrophobic in nature due to their hierarchical structure of the surface. The contact angle for 
such surface is known to be higher than 1500.Various experimental techniques have been devised to 
construct such surfaces for the application of micro and nano fluidics devices. Molecular simulation, 
on the hand, can be used to realize such surface in-silico and aid in the development of suitable surfac-
es for numerous applications. Further, such simulations can help to understand the effect of physio-
chemical nature of the surfaces on thermophysical properties of liquid in a systematic manner. In this 
work, we use molecular dynamics techniques to understand the behavior of water on pillar and 
grooved patterned graphite surfaces. We study the behavior of liquid droplet on nano grooved pillar 
surfaces of different heights and groove widths by means of parallel molecular dynamics simulations. 
The wetting properties are determined by measuring contact angles of the liquid droplet at the solid 
surface. We report dependence of the contact angle on pillar height and groove width. Further, we 
present system size effect on contact angle and reported the line tension. 
Keywords: wetting, molecular dynamics, line tension, contact angle, pillars, Cassie Baxter, Wenzel. 

 
1.  Introduction  

Surfaces with superhydrophobic behavior 
have recently been gained the attention of current 
research because of its self cleaning applications 
and various phenomena such as adherence of 
snow, oxidation, and current conduction are in-
hibited on such a surface. These surfaces become 
viable option especially as the scale of operation 
continues to decrease where the surface tension 
dominates like in microfluidic devices. The dy-
namics of the drop will be effect by any chemical 
or topological heterogeneities on the surface, 
which plays any important role in microfluidic 
technology to detergent design and ink-jet print-
ing, so it is vital to understand the way in which 
drops move across these surfaces. Until recently, 
such disorder was usually regarded as undesira-
ble. However, with the advent of microfabrica-
tion techniques, it has become possible to control 
the chemical or topographical patterning of a 
substrate on micrometer length scales, leading to 
the possibility of exploring new physics and to 
novel applications. Hierarchical micro- and na-
nostructures are responsible for the superhydro-
phobicity frequently observed in nature. The 

self-cleaning effect of lotus plant leaves charac-
terized by a large contact angle and a small slid-
ing angle is a well-known example in which 
freely rolling rainwater droplets remove conta-
minating particles. A similar hierarchical struc-
ture on rice leaves exhibits an arrangement of the 
microstructures in 1D order, which hinders the 
motion of the water droplet perpendicular to the 
grooves. Special wetting properties can be 
achieved on artificial surfaces by mimicking na-
ture. 
2. Simulation Details 

Molecular dynamic simulations are carried 
out under constant number of particles N, vo-
lume V, and the temperature T (NVT ensemble). 
In this work, we have used DLPOLY. Graphite 
and BN surfaces are constructed by periodically 
replicating the unit cell in lateral directions. The 
graphite surface consists of two layers of carbon 
atoms separated by 1.53 Å and the distance be-
tween the layers is 3.4 Å. Cutoff radius of 10 Å 
is used to omit the effect of additional number of 
surface layers. The BN surface consists of alter-
nating boron and nitrogen atoms in a graphite 
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like sheet with almost no change in atomic spac-
ing. The surface is kept fixed during all the simu-
lations. The dimensions of the box varied from 
150x150 to 200x200 Å2 depending on the size of 
the droplet. The height of the simulation box is 
taken as 270 Å to avoid any interaction of peri-
odic image of the droplet.Water-water interac-
tion is described by the SPC/E  model in which  
the hydrogen’s are located at 1Å from the oxy-
gen with an H-O-H angle of 109.470.  Bond dis-
tance and bond angle are fixed throughout the 
simulation with SHAKE algorithm. The intermo-
lecular interaction is defined as : 

 
12 6

3 3

1 1
4

 

    
              

 i j
LJ ij

i jij ij ij

q q
U r

r r r

    

where, r ij is the distance between any pair of 
atoms i and j, σ represents the atom size , ε is the 
interaction energy depth between two atoms and 
qi, qj are the charges centered on the individual 
atoms of different water molecules. 
3. Results and Discussion 
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changes the ability of the water to penetrate the 
surface. To study the effect of surface fraction 
(the fraction of the solid on the interface) on the 
contact angle, we vary the ratio of groove width 
to groove spacing of the pillar (i.e. varying sur-
face fraction, f) from 0 to 0.5. This study is per-
formed at constant roughness factor (r=2.1).The 
change in contact angle with surface fraction and 
corresponding values predicted by CB equation. 
As we decrease the surface fraction the contact 
angle increases. We compare our results with the 

Cassie Baxter’s predictions. Current values are in 
agreement with CB’s predictions qualitatively. 
By varying the pillar height from 3 to 27.5Å at 
constant surface fraction (f=0.5, i.e. at constant 
pillar width and gap between the pillars) we stu-
died the effect of roughness factor on contact 
angle. As we increase the roughness factor from 
1 to 3.3, the contact angle increases from 83.3 to 
1300. Near about r=1.8, we observed that the sys-
tem changes from Wenzel regime to Cassie- 
Baxter regime. Contact angle variation becomes 
less sensitive to roughness as we approaching 
Cassie Baxter regime. These values are in the 
range of previously reported values 107-1300. 
On the other hand as roughness increases, the 
line tension decreases.The variation of line ten-
sion and contact angle with roughness. 
4. Conclusions 

The effect of surface topography on wetting 
was studied by molecular dynamics. As we de-
crease the surface fraction the contact angle in-
creases while line tension decreases.  A qualita-
tive agreement between our results and Cassie-
Baxter predictions is observed. The variation is 
explained via extent of deviation of the system 
from Cassie Baxter regime. We varied the 
roughness of the surface by varying pillar height 
from 3 to 27.6 Å. We observed at low pillar 
heights (i.e. at low roughness) the system is in 
Wenzel regime, a transition from Wenzel regime 
to Cassie –Baxter regime was observed as 
roughness increases. Increase in roughness (1 to 
3.5) causes change in contact angle from 83 to 
1300.The influence of surface roughness on con-
tact angle in Cassie-Baxter regime is less. The 
line tension decreases with increase in the 
roughness 
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Abstract 
 The permeation of carbon dioxide through Supported ionic liquid membrane (SILM) has been stu-
died. Total nine ionic liquids and one amine are studied for the permeation of CO2 through SILM. Io-
nic liquids in combination with MDEA (N-methyldiethanolamine) also studied. Among the ionic liq-
uids studied, THTDP Tf2N showed the maximum permeation of CO2 than the other imidazolium 
based ionic liquids . Addition of MDEA to imidazolium ionic liquid  (50% v/v)  showed good CO2 
permeation compared to the pure ionic liquid but less than the permeation with THTDP Tf2N. 

 
1. Introduction  
 Green house effect is the most common is-
sue of the present day environmental concerns. 
It results in the increase of the global tempera-
ture [1]. It is a known fact that this happens due 
to unlimited secretion of the green house gases 
into the environment. Green house gases most-
ly constitute Carbon dioxide (CO

  
Keywords: Carbon dioxide; Supported Ionic Liquid Membrane; Ionic liquids; Permeation. 

2), Sulfur dio-
xide (SO2), and CFCs etc. So, it is required to 
curb the secretion of these gases. Separation of 
CO2, is considered to be very important gas 
separation process [2]. Here in the present 
work, an attempt has been made to separate out 
the carbon dioxide from the flue gases through 
“Supported Ionic Liquid Membrane” (SILM). 
Recently, application of the membrane separa-
tion technique to separate CO2

2.1 Materials and Chemicals: Nine ILs and one 
amine were studied for the permeation of 
CO

 has become the 
center of attention due to its low energy con-
sumption compared to traditional separation 
methods such as gas absorption and adsorption 
[2]. Supported liquid membranes (SLMs) have 
been attracting attention since very high selec-
tivity is obtained compared with conventional 
polymeric membranes [3]. 
 
2. Experimental 

2through SILM: 1-Hexyl-3-
methylimidazolium tetrafluoroborate [ HMIM 
BF4 ], 1-ethyl-3-methylimidazolium ethyl sul-
fate [ EMIM EthSO4], 1-Methyl-3-
octylimidazolium hexafluorophosphate [ 

MOIM PF6], 1-Butyl-3-methylim-idazolium 
octyl sulfate [ BMIM OctSO4], Trihexyltetra-
decylphosphonium bis( trifluoro-
methylsulfonyl ) amide [ THTDP Tf2N ], 1-
aminopropyl-3-butylimidazolium tetrafluorobo-
rate [ APBIM BF4 ], 1-aminoethyl-3-
butylimidazolium bis ( trifluoromethylsulfonyl 
) amide [ AEBIM Tf2N ]; 1- ( N,N-dimethyl 
aminopropyl ) -3-butylimidazolium tetrafluoro-
borate [ DMAPBIM BF4 ], 1- ( p-vinylbenzyl ) 
-3-butylimidazolium tetrafluoroborate [ 
VBBIM BF4

2.2 Procedure: Carbon dioxide gas was passed 
through the moisture trap to remove moisture. 
The gas is then passed through a control valve 
to the feed side of the membrane which is 
maintained at a pressure 1Kg/cm

], and N-methyldiethanolamine 
[MDEA]. The PTFE (Polytetraflouroethylene) 
polymeric membrane having the pore size of 
0.2µm, thickness: 64µm, porosity: 0.51, and 
tortuosity: 2.15 has been used as support for 
ILs. 
 

2 (gauge pres-
sure). MFC has been used at the other end of 
the cell to control the outlet flow rate of the gas 
which was kept at 50 SCCM. MFC was cali-
brated for the CO2 using bubble flow meter. 
SILM was fixed into the module at the high 
pressure side, before supplying the gas to the 
system. Receiving chamber of the system was 
flushed out from the control valve (placed at 
the one end of the receiver) by opening and 
closing it for many times. Other end of the re-
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ceiver was connected to one end of the mano-
meter and the other end of the manometer kept 
open to the atmosphere. Receiver side pressure 
kept at 1am. Feed side pressure keep constant 
for the whole process. Receiver side pressure 
was noted down for every 15min. Schematic 
diagram of setup used is shown in the figure 1. 
 

 
Figure 1. Schematic diagram of the setup 
 
3. Results and Discussion 
 Using all the above ILs and the combina-
tion of ILs with MDEA (50% v/v), SILMs were 
prepared. Downstream pressure of receiver 
chamber has been recorded keeping upstream 
pressure of feed chamber constant at 1Kg/cm2

 It was observed that THTDP Tf

 
(gauge) using water manometer at room tem-
perature. The flow rate of the feed gas was con-
trolled by using MFC (Mass flow controller) 
and kept at 50 sccm. The readings took at an 
interval of 15min. 

2N showed 
highest permeability (6.31E-10 mol atm-1 cm-2 
s-1) and EMIM EthSO4 (3.89E-10 mol atm-1 
cm-2 s-1). A combination of ILs and MDEA as a 
carrier were also studied. It was found that 
MDEA only enhances the permeance for 
HMIM BF4 and to some extent for BMIM 
OctSO4, and decreases for EMIM EthSO4 and 
MOIM PF6

Ionic Liquid 

. Figure 2 shows the semi-log plot 
for the increase in the pressure at receiver 
chamber with time. Permeability of the pure 
ILs is given in the Table 1. 
 
 
 
 

Figure 2. Variation of pressure at receiver 
chamber with time. 
 
Table 1. Permeability obtained experimentally 
for the pure ILs 

Permeability (mol 
atm-1 cm-2 s-1)x1010 

THTP Tf2 6.31 N  
EMIM EthSO 3.89 4 
HMIM BF 0.81 4 
MOIM PF 0.66 6 
BMIM OctSO 0.46 4 
VBBIM BF 0.45 4 
DMAPBIM BF 0.40 4 
AEBIM Tf2 0.14 N  
 
4. Conclusions 
 Among all the ionic liquid systems studied, 
THTDP Tf2N found to be the most appropriate 
ionic liquid for the separation of CO2 from the 
flue gases. 50% v/v addition of MDEA to im-
idazolium based ionic liquids shown an im-
provement compared to pure IL. The separation 
factor for the CO2 in the presence of other gas-
es like CH4, N2 is in progress.  
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Abstract  

The CO2

 
1.  Introduction: 

Understanding the properties and the 
interaction of reactants, intermediates and 
the catalysts under reaction condition is 
crucial for the study of heterogeneous 
catalysis. These types of interaction can be 
studied by Operando spectroscopy, where 
the catalyst is characterized under reaction 
conditions with simultaneous collection of 
reactivity data. In the present study the 
CO

 hydrogenation reaction using alumina supported cobalt catalysts were studied 
using an in-situ IR cell with simultaneous reactivity measurements. The specific variations 
between catalysts compared well with fixed bed reactor studies. Adsorption studies reveal 
the presence of bicarbonates on the support and carbonates on the supported phase. During 
reaction formate, carbon monoxide and methane species are observed. The consequences 
of observing these species is being analyzed. 

2

Several γ-Al

 hydrogenation reaction is considered. 
Several metal supported catalysts have 
been used for this particular reaction [1]. In 
the present study alumina supported cobalt 
catalysts (CoAl) were synthesized and 
characterized in-situ by FTIR spectroscopy 
with simultaneous activity measurements. 
The catalytic activity was also compared 
with a conventional quartz fixed bed 
reactor. 
 
2. Experimental 

2O3 (Sasol) supported 
cobalt catalysts (5 to 20 wt %) were 
synthesized by the incipient wetness 
impregnation method using cobalt (II) 
nitrate hexahydrate (Aldrich) as the 
precursor. After impregnation, drying and 
calcination the catalysts were calcined at 
723 K and reduced with H2 at 823 K prior 
to being used in the reaction. The 
synthesized catalysts were characterized by 
X-ray diffraction. The adsorption and 
reaction studies were performed at 
atmospheric pressure in the range of 433 to 

533 K using a diffuse reflectance Infrared 
Fourier transform spectroscopy (DRIFTS) 
cell. The hydrogenation reaction was 
carried out in the above mentioned 
DRIFTS cell, which was attached to a gas 
chromatograph (NUCON-5700) for gas 
analysis. The fixed bed catalytic reaction 
study of the CO2 hydrogenation was 
achieved by using a 4 mm diameter and 42 
mm length of quartz reactor with the total 
flow rate of reactant gas mixture 13.5 
ml/min(H2: CO 2 = 6:1). Two separate 
mass flow controllers were used to control 
the reactant gas flow rate of H2 and CO2

 The results of CO

. 
 
3. Result and Discussion 

2 adsorption over the 
Al2O3 supports, CoAl catalysts and bulk 
Co-metal at 533 K and 1 atm are shown in 
Figure 1. The CO2 molecules adsorbed over 
the support hydroxyl groups to form the 
surface bicarbonate, with IR bands at 1650, 
1442 and 1227 cm-1. Similar bands were also 
observed over the CoAl catalysts with the 
intensity of these bicarbonate bands 
decreasing with cobalt loading. In addition to 
the bicarbonate IR bands, surface carbonates, 
with IR bands at 1532 and 1382 cm-1, are 
also observed. The intensity of the carbonate 
bands increase with cobalt loading. During 
the catalytic reaction in-situ DRIFT spectra 
shown in Figure 2 reveals the presence of 
formate species, with IR bands at 1595, 
1376, 1396 and 2905 cm-1, which increases 
with cobalt loading. At high cobalt loadings, 
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adsorbed CO, with IR bands at 2005 cm-1, 
and CH 4, with IR bands at 3015 and 1305 
cm-1 , are observed [2-3]. Catalytically, with 
increasing cobalt loading the CO2 activity 
and methane selectivity increases up to 
15CoAl and then decreases. It appears that 
above 15% loading the metal particle sizes 
increases, which adversely affects the 
catalytic activity and CH4 selectivity. The 
hydrogenation reaction was also studied 
using a quartz reactor and the results are 
compared with the in-situ reaction cell in 
Table 1.  

It was observed that the quartz reactor 
give ~5 times more CO2 conversion and a 
higher selectivity to CH4,

In the present study in -situ FTIR 
characterization and simultaneous activity 

measurements were achieved. Similar 
trends between different catalysts were 
observed for a conventional reactor and 
the DRIFTS reactor cell, though the exact 
values were different. During the CO

 though the 
relative variation between catalysts are 
similar. 

 
4.  Conclusion:  

2 
reaction in-situ characterization reveals 
the presence of formate (HCOO), CO, and 
CH 4. Adsorption studies reveal that CO2

[1] N. F. Sodesawa T., Satoh S., 
Kimura K, J Catal 104 (1987) 339-346. 

 
adsorbs as a carbonate species over the 
partially reduced supported cobalt oxide 
phase. Further studies of this catalytic 
reaction are currently under way. 
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Table 1: CO2

Catalysts 

 methanation reaction at 533K and 1 atm. Pressure 
 

Weight(mg) In-situ Reaction cell Tubular Quartz reactor 
  %CO2 %CH(Conv.*) 4 %CO(sel.) 2 %CH(Conv.) 4(sel.) 

5CoAl 63 0.202 37 0.146 25 
10CoAl 65 0.91 75 1.20 64 
15CoAl 67 2.5 89 4.25 86 
20CoAl 70 2.1 85 10.30 92 

Bulk Co-metal 101 2.1 78 7.95 93.5 
 

* Con. = conversion, Sel. = selectivity 
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Abstract 
The layer-by-layer (LbL) adsorption technique offers an easy and inexpensive process for mul-

tilayer formation with a core inside and allows a variety of materials to be incorporated within the core 
structures. Herein, we report a versatile technique to obtain Polyelectrolyte Multilayered capsules 
(PEMs) through LbL assembly of two oppositely charged polymers. Several characterization tech-
niques were employed to confirm LbL formation. Then, these capsules were used as micro/nano reac-
tor to synthesize different lanthanide doped nanoparticles (NPs) (e.g. LaVO4:Eu (5%)). These NPs 
loaded polymer capsules can potentially be used for application such as optical/ MRI agents, drug deli-
very vehicles, biosensors etc.  
Keywords: Capsules; Nanoparticles; Synthesis; Lanthanides. 
 

1. Introduction  
 The polymer based materials are now a days 
attracting the research areas associated with bio-
logical applications because of their abilities to 
provide tailored properties like biocompatibility, 
size, structure and functionality [1]. On the other 
hand, the lanthanide doped NPs are quite a good 
agent for bio imaging purposes. A combination 
of both of them yields an excellent transporting 
vehicle for many biological and biomedical ap-
plications.  
 
2. Experimental 
 Here basically colloidal mesoporous silica 
particles are first functionalized with APTES (3-
Amino Propyl Tri Ethoxy Silane). Then, they are 
sequentially exposed in PSS (Poly Styrene Sul-
fonate) and PAH (Poly Allylamine  Hydrochlo-
ride) respectively [2]. After the completion of 
each layer, water washing steps are carried out to 
remove non-reacted polymer branches. The core 
silica particles are then dissolved by treating 
them with HF. Thus, finally hollow polymer 
capsules are obtained with PSS as a first layer 
and PAH as the last one. NPs which are mainly 
lanthanide doped are then synthesized inside the 
PEM capsules.   
 
3. Results and Discussion 
 The hollow capsules were characterized 
through Transmission Electron Microscopy 

(TEM) as well as Scanning Electron Microscopy 
(SEM). The SEM result is shown in fig 1. 
 

 
Figure 1: SEM image of the hollow capsules 

 
Figure 2. TEM image of the capsule containing 
NPs 
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The NPs inside the capsules are characterized 
through spectrometry. Spectrometry data is 
shown in fig 3. A small peak at 617 nm indicates 
the presence of LaVO4:Eu.  

 
Figure 3. Spectrometry data of NPs contained in 
the capsules 
 
 The TEM image of the NPs loaded capsules 
(fig 2) also confirms that the NPs are formed in-
side of the capsules and remains there.    

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

4. Conclusions 
 The presented scheme focuses on the synthe-
sis of lanthanide doped NPs inside micro/nano 
reactor i.e. polymer capsule. This may be treated 
as a batch reactor where the reactants enter 
through the permeable capsule wall. The reaction 
occurs inside the capsule core and the product 
does not come out which is confirmed by the 
TEM images. 
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Abstract 

 Macromolecules, in particular DNA, RNA and protein are usually separated by traditional gel elec-

trophoresis method. But when sizes of molecules increase beyond 40kbps, gel electrophoresis become 

inefficient. It is proposed that electrophoresis over flat surface can be used to increase the range of 

fractionation. In our work, using molecular dynamics simulation we have tried to understand how fric-

tion between surface and polymer molecules play an important role to separate molecules according to 

its size.    

Keywords: Brownian dynamics; loop-train; FENE; orthogonal surface; Electrophoresis. 

 

 

1. Introduction  

 In electrophoresis macro molecules like 

DNA, RNA, protein etc are fractionated accord-

ing to their sizes. DNA fractionation is an essen-

tial part of world genome project. So electropho-

retic methods have long time interest [1]. Usual 

electrophoresis methods long chain molecules 

are trapped in a restrictive medium such as gel or 

obstacles on surface. In presence of electric field 

molecules migrate. During migration molecules 

collide with the environment and get separated 

according to their sizes. In traditional electropho-

resis gel is being used as a restrictive medium. 

But get electrophoresis becomes inefficient when 

molecules size become more than 40kbp. In 

2000, Pernodet et. al.[2] have proposed a method 

which is based on friction between surface and 

macro molecules. They have shown that DNA 

can be fractionated on a flat surface using the 

local friction between surface and DNA mole-

cules. The structure of DNA near the surface de-

pends on the chain length. The shorter chains are 

usually seen with multiple loops as it maximizes 

the entropy. On the other hand, longer ones are 

seen to have more trains which maximizes the 

energy. So one can expect that in presence of 

electric field the mobility of the molecules will 

depend on its conformation over the surface. It 

suggests a length dependent separation of mole-

cules.  

 

2. Model and Simulation 

We have simulated the phenomenon.  We 

have considered a coarse grain model of polymer 

[3]. This model is used successfully to study the 

dynamical properties of DNA. In this model po-

lymer is represented as a chain of beads. Each 

bead is a monomer of mass m and an effective 

charge q. Two beads separated by a distance r 

interact through a truncated and shifted Lennard-

Jones potential,
12 6( ) 4 [( / ) ( / ) ]LJ

bbV r r rε σ σ= −  

for  2.2
c

r r σ< =  and it is zero for 
c

r r> . Here 

 and ε σ  are the characteristic energy and size 

parameters of the monomers. Adjacent mono-

mers are connected through a Finitely Extensible 

Nonlinear Elastic (FENE) poten-

tial,
2 2

0 01/ 2 ln[1 ( / ) ]FENE
F kR r R= − −  for 

0r R< and FENEF = ∞ when 0r R≥ . This potential 

avoids chain breaking 
2

030  and 1.5k Rεσ σ−= =  

are considered. Surface is modeled as two (111) 

planes of a fcc lattice. Surface atoms are con-

nected to the lattice cites by stiff springs. An LJ 

potential 
LJ

sbV is used to represent the interaction 

between surface atoms and beads of the polymer.  

The characteristics parameters 2.25
s

ε ε= , 

s
σ σ=  and 2.2c

s sr σ=  are used. The equation of 

motion is 
1

( )i i ir U r w t
m

= − ∇ − Γ +&& &  where Γ  is 

the bead friction and 
1/2( ) ( / )BW t k T m t η= Γ ∆  is 

the random force of the heat bath acting on each 

particle. η  is a uniform random number to ran-

domize the direction of the force. Molecular dy-
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namics is performed in a canonical ensemble 

where particle number N, system volume V and 

temperature T are fixed. We have followed the 

convention of reduced unit where m, σ and ε  

are the characteristic mass, length and energy 

respectively. 2 1/2( / )mτ σ ε= is the unit of time. 

Temperature 4.0 /
B

T kε=  is fixed during the 

simulation. Velocity-Verlet algorithm is used to 

integrate the equation of motion with integration 

time step 0.005t τ∆ = . We have consi-

dered 2 /τΓ = . When the polymer got equili-

brated over the surface, an electric field is ap-

plied along the x-direction. Simulation is carried 

out in LAMMPS software.  

 

3. Results and Discussion 

 Motion of the polymers of different size in 

presence of electric field over the surface is ob-

served.  In the following figure, we have shown 

the displacement of centre of mass at different 

time.  

Figure 1.Displacement of DNA of three different 

sizes (N=60,120, 200) with time.  

  

DNAs of three different sizes, N=60,120, 200 are 

considered in this study. Here N is the number of 

monomers. Clearly small size chains move faster 

than that of higher sizes. For N=60 chain there 

are more number of loops than trains so it moves 

faster. As chain size increases adsorption in-

creases which leads to more number of trains 

than loops. Because of increasing number of 

trains, motion became slower as chain size in-

creases. Essentially we observe length dependent 

mobility.    

 

4. Conclusions 

 In surface electrophoresis, the range of frac-

tionation can be increased. Although more de-

tails studies are required to know the exact range 

of fractionation possible on flat surfaces. In sur-

face electrophoresis the key point is the loops 

and trains distribution of polymer over surfaces. 

It is observed that fractionation become very fast 

when more number of surfaces are present[4]. 

Presence of multiple surfaces can improve the 

loop train ration of a polymer over surfaces. Es-

sentially equal distribution of loops and trains 

would be perfect for surface electrophoresis.  On 

a single flat surface, molecules of larger size 

form more number of trains. Similarly smaller 

molecules form more loops. Keeping an equal 

ratio of loops and trains for both larger mole-

cules and as well as shorter molecules can im-

prove the efficiency of surface electrophoresis. 

Thus using multiple surfaces can be useful to 

improve the efficiency of the surface electropho-

resis. We have designed and simulate the dynam-

ics of DNA in an orthogonal surface. Orthogonal 

surface consists of two flat surfaces perpendicu-

lar to each other. We have studied the dynamics 

of polymer over orthogonal surfaces. In the pres-

entation, we will talk about the possibilities of 

fast fractionation using orthogonal surfaces. 
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