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PREFACE 

We are delighted to publish our book entitled "Advances in Material Science 

Volume I". This book is the compilation of esteemed articles of acknowledged experts in 

the fields of material science providing a sufficient depth of the subject to satisfy the 

need of a level which will be comprehensive and interesting. It is an assemblage of 

variety of information about advances and developments in material science. With its 

application oriented and interdisciplinary approach, we hope that the students, 

teachers, researchers, scientists and policy makers will find this book much more 

useful.  

The articles in the book have been contributed by eminent scientists, 

academicians. Our special thanks and appreciation goes to experts and research 

workers whose contributions have enriched this book. We thank our publisher Bhumi 

Publishing, India for compilation of such nice data in the form of this book.  

Finally, we will always remain a debtor to all our well-wishers for their 

blessings, without which this book would not have come into existence. 

  

- Editors 

- Advances in Material Science Volume I 
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Abstract: 

 Bulk hetero-junction material is analyzed at various exceptional layer thickness and 

obvious opening versatility by General Photovoltaic Device Model. GPVDM programming was 

first made to imitate solar cells and OLEDs, yet later on it has been connected with copy 

different gadget, including silicon/CIGS-based gadgets. Normal mass hetero-intersection sun 

organized cell includes mix of P3HT and PCBM as strong material, Indium Tin oxide (ITO) is 

an unmistakable anode, Poly (3,4-ethylenedioxythiophene) polystyrene sulfonate is an electron 

stopping layer and Aluminum a cathode. The optical reenactment has performed at different 

strong layer thicknesses from 100 to 250nm, and electrical entertainment at different openings 

movability from 1×10
-4

cm2/Vs to 1×10
-7

cm2/Vs autonomously. The current-voltage (j-v) 

attributes are impacted by the underlying flexibility. The best current-voltage (j-v) attributes are 

found at 1×10
-6

cm2/Vs adaptability and the best ingestion at 200 nm. It is expected that in the 

ordinary BHJ sun based cell the ampleness increments, when minimization diminishes, the 

convenience further rots. Assuming the flexibility is stretched out from 1×10
-5

cm2/Vs the parcel 

likelihood is broadened and will be by and large preposterous. 

Keywords: P3HT & PCBM Material, Indium Tin oxide, PEDOT: PSS Material 

 

Introduction: 

 A Solar cell is the device that expected light radiation to work. The plant accomplishes a 

significant work to change over radiation energy into substance energy. The sun provides us with 

a nonstop and endless asset of energy and assists us with mitigating emergencies of energy and 

contamination. Customary sun powered cells dependent upon structure polymers are an 

extraordinary arrangement promising for an unpretentious and flexible decision instead of 
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inorganic light based cells. Today two or three sun arranged cell headways exist in which 

standard sun based cells are significant for developments. Natural sun oriented cell s attracts 

progressively more interest in latest several years. These gives radiations change capability of 

around 6% to 7% for single convergence cell. It is fundamentally less contrasted and 

successfully recognized silicon photovoltaic gadget, which has viability above 20%. Regardless, 

regular photovoltaic (OPV) gadget partake in a couple of advantages like, versatile substrates, 

the opportunity of insignificant cost creation, room temperature taking care of and thin film 

structure. Normal sun controlled cells incorporate a blend of polymer advertiser (P3HT) and 

acceptor (PCBM). In mass hetero-intersection (BHJ) sun powered cells, the photons make 

emphatically bound electron-openings sets. The openings and electrons are then transported to 

their different anodes. Investigation attempts to some degree as of late have generally further 

developed regular sun based cell execution and power change efficiency (PCE) valves better 

than 10% have actually been achieved. All through the long haul, tremendous investigation tries 

assessed at developing low band openings polymers to extend maintenance and accumulates 

more daylight based energy for which the more low current can be conveyed. GPVDM is a free 

universally useful device for the 1D reenactment. It was created to mimic natural sunlight based 

cells; it has as of late been stretched out to mimic different gadgets, silicon/CIGS-based gadgets. 

Both position and energy space inside the gadget are disparaged with between 10-80 autonomous 

SRH catch/get away from rate conditions being settled at each cross section point. 

 

Figure 1a: Structure of P3HT: PCBM Material 

 

 In ITO/PEDOT: PSS/P3HT: PCBM/Al normal mass hetero-intersection solar cells, P3HT 

is an electron supporter that effectively transports positive openings, PCBM ([6, 6]-phenyl C61-

butyric destructive methyl ester) is an electron acceptor materials. It effectively moves electrons 

starting with one iota then onto the next. The film of ITO (Indium Tin Oxide) is used as a 
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straight forward terminal. Since, it has high transport around there and cutoff of conduction. Poly 

(3, 4-ethylenedioxythiophene) poly (styrene-sulfonate) is an initial transportation layer. PEDOT: 

PSS may be used as layers between the straight forward cathodes and dynamic layer of materials 

to deter the electron and opening trade off base. In this examination we present ghostly induction 

of mass hetero-intersection (BHJ) sun fueled cell using GPVDM programming at different 

unique layer thicknesses. The essential advantage of the mass heterojunction sun arranged cell is 

that an enormous piece of made excitons show up at a nearby supporter acceptor interface, where 

they related into free charge carriers. 

 

Figure 1b: Atomic Structure of P3HT: PCBM Material 

 

Design and charge carriers: 

 Bulk hetero-junction, a mix of interpenetrating mix of electron patron and electron 

acceptor shaped normal materials, which grant maintenance of radiation, the time of charge 

carriers, splitting of excitons at sponsor acceptor association point, and transport of positive and 

negative charges to reverse terminals. (BHJ) are generally delivered by molding the two structure 

polymers, anticipating and a while later allowing secluding the two phases, when in doubt, with 

the help of hardening process. The two structure polymers will self gathered into an 

interpenetrating network communicating the two anodes. The construction is displayed in figure 

2. 

 Later the catch of a photon, electron move to the acceptor spaces, then, are brought 

through the device and accumulated by the one cathode and openings moves reverse way and 

assembled at inverse side. Expecting the dissipating of the two materials is especially greater, it 

will achieve defenseless charge travel through the unique layer. In control move, the two 

providers and acceptor add to the time of charge carriers. 
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Figure 2: Bulk hetero-junction solar cell materials 

 

 The Solar cells produce normal adaptable excitons later osmosis of light. To disconnect 

the excitons into free charge carriers a supporter acceptor system ought to be used. On account of 

the lower excitons spread lengths to 1-10 nm in polymeric materials a direct bilayer 

configuration will achieve low efficiencies, since just photons ingested inside this detachment 

from D/A mark of communication will add to the device current. A development in the delivered 

photo current can be achieved by using an interpenetrating association of provider and acceptor 

materials. Ideally in mass hetero-intersection (BHJ), all consumed photons will be close by 

patron acceptor interface and these can be adding to the made photocurrent. 

 

Analysis of the material: 

 Bulk hetero-junction solar cell reproduced by the product on different systems square. 

The product creating PC programs is unequivocally expected to imitate mass hetero-intersection 

standard sun based cells. The model contains ghastly properties, drawing in both stream voltages 

credit to be imitated in much the same way as optical properties. The electrical model basically 

covers the strong layer of the gadget. In this model, there are two sorts of charge transporter 

electrons, free electrons and got electrons. Free electrons have a restricted transportability of µoe 

(µoh) and got electrons can't move using any and all means and have an adaptability of nothing. 

To survey the typical conveniences we take the extent of free to got carriers and copy it by the 

free carrier flexibility. 

µ
e
 𝑛 =

µe
∘ n free

n free +n𝑡𝑟𝑎𝑝
  

 Thus if all carriers were free the average mobility would be µ
o

e and if all carriers were 

trapped the average mobility would be zero. The Material simulation is shown in figure 3. 
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Spectral based analysis: 

 Bulk hetero-junction solar cell is simulated by the apparatus at different outstanding layer 

thicknesses. GPVDM making PC programs is unequivocally planned to copy mass hetero-

intersection conventional sun coordinated cells, for instance, those wards on the P3HT: PCBM 

material. The model contains otherworldly person of the sun controlled cell; support both stream 

voltage ascribes to be reenacted similarly as optical properties. GPVDM contains both an 

electrical and optical model. The optical model expansion if all else fails wires the glass 

substrate, the contacts and layers like PEDOT: PSS. The electrical engendering normally cover, 

the interesting layer of the contraption, subsequently a regularly optical entertainment is 

fundamentally more conspicuous than electrical reenactment window. Subsequently, it depicted 

the phantom model which can deal with the optical reenactment and it moreover addresses the 

strong layer. This is conceivable by putting a 'yes in segment (dynamic layer) in the figure 4. 

 

Figure 3: Material simulation  

 

Figure- 4: Spectral based analysis 
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Result and Discussion: 

 In the present work bulk hetero-junction sunlight based cells are simulated by the tool to 

analyse the spectral characteristics. The retention of P3HT: PCBM dynamic layer are extra 

feasible for the rehash from 350-750nm. The optical reenactment (repeat 150-750 nm) is made at 

various interesting layer thickness, PEDOT: PSS thickness 20 nm, the thickness of ITO 20nm, 

Al thickness 20nm and the layer thickness are 180nm, 200nm, 220nm, and the systems of 

support at different strong layer thicknesses are displayed in the figure 5a, 5b and 5c. The j-v 

qualities are reproduced at different openings adaptability, 1×10
-4

cm2/Vs to 1×10
-7

cm2/Vs, 

which is showed up in figure 6. It is clear from the I-v twists that the short current thickness is 

high at 1×10
-6

cm2/Vs and least at 1×10
-4

cm2/Vs. 

 

Figure 5a: Analysis on 180 NM 

 

Figure 5b: Analysis on 200 NM 
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Figure 5c: Analysis on greater than 200 NM 

 

Figure 6: Analysis of j-v characteristics of the material 

 

 The twists in regular BHJ solar cell material, the efficiency increases when versatility 

lessens. The extended recombination of electron-opening consolidate and reduce detachment 

capability, decrease viability however the hardship in open circuit voltage at higher carrier 

compactness is at risk for the reduction of usefulness. If the transportability is extended from 

1×10
-5

cm2/Vs the division probability is extended and will be most prominent at 1×10
-6

cm2/Vs, 

and again increase the flexibility the partition won't further addition and viability is decay. 

Obviously the sun situated cell is capable at unmistakable adaptability range. 
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Conclusion: 

 The presentation of otherworldly properties of P3HT: PCBM based mass hetero-

intersection solar cell materials for different astounding layer thickness. The upkeep layout of the 

intriguing layer of standard sun organized cell changes with thickness. At 200 nm thickness, we 

get ingestion beat close to the terminals at which the best support occur. The short out current is 

impacted by the electron and opening movability and generally incredible short out current 

acquired at 1×10
-6

cm2/Vs. Along these lines by changing the exceptional layer thickness and 

adaptability the productive upkeep and effectiveness of P3HT: PCBM based sunlight based cells 

can be updated. 

 It is in like manner construed that in the customary BHJ sun organized cell the limit 

increases, when flexibility lessens (from 10
-4

 to 10
-6

) while more than 10
-7

 convey capacity, the 

efficiency further decreases. If the versatility is connected from 1×10-5cm
2
/Vs the section 

probability is extended and will be all around incredible at 1×10
-6

cm
2
/Vs, and again increase the 

accommodation the division won't further development and capacity is rot. 
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Abstract: 

 All the PQ derivative materials formed were investigated though FTIR, NMR 

spectroscopic and Mass spectrometric analysis. The thermal properties of the materials were 

studied by TG and DT analysis. Morphological studies of the materials were carried out through 

XRD, AFM and SEM studies and material is further subjected to electrical characterization by 

DC-conductivity measurement using four probe conductivity instruments. The optical 

investigations, providing the temperature-dependent conductive defects formation in the obtained 

structures. 

Keywords:Bu-PPQ, Conductive defects, CeCl3 

 

Introduction: 

 Typically, poly(quinoline)s have high thermal stability with glass-transition temperatures 

(Tg) above 200◦C and onset thermal decomposition temperatures (Tdec) above 400◦C, high 

oxidative stability, high electrical conductivity, and outstanding mechanical and optically clear 

film forming properties [8 –10]. These characteristics make poly(quinoline)s interesting 

materials for electronic and/or electro-optical devices. Over the last decade, Jenekhe, Jen, and 

others have investigated extensively the optical and electronic properties of poly(-quinoline)s 

including photo-conductivity,[10] optical nonlinearity [2, 3], photoluminescence [1–8], 

electroluminescence [2–7], charge-transfer [3 - 8], and electron transporting properties [7–4] for 

their potential applications in OLEDs [2–3] organic photovoltaic devices [1] and selective 

chemosensors (proton and metal ions) [4 –5]. 

 

Experimental Section:  

Material and Method:  

 1 equiv of the diacetyl monomer, 1 equiv of 3,3-dinonanoylbenzidine, 6.0 g of diphenyl 

phosphate, and 3 g of m-cresol were added to a cylindrical reaction ves-sel. The reactor was 

mailto:pvdamre@gmail.com
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purged with argon for 20 min. The mixture was mechanically stirred under static argon as the 

temperature was gradually raised to 140°C over a pe-riod of 12 h. The polymerization mixture 

was stirred at this temperature for 72 h and then precipitated into 10% triethylamine/ethanol. The 

precipitate was collected by vacuum filtration and extracted on a Soxhlet apparatus for 72 h with 

20% triethy-mine/ethanol. The polymer was dissolved in CHCl3 and precipitated into ethanol, 

collected by vacuum filtration, and dried at 60 °C in a vacuum for24 h. 

 

Results and Discussion:  

 Conjugated rigid-rod polyquinolines have excellent thermal stability and high mechanical 

strength [1,2]. These n-type semiconducting polymers [3] have interesting electronic [2 b], 

photoconductive [4], and nonlinear optical [5] properties. Recently, some polyquinolines were 

used as both the electron-transport layer and an emission layer in polyquinoline/poly(p-

phenylenevinylene) heterojunction light-emitting diodes (LEDs) [6]. The attractive combination 

of excellent thermal, mechanical, and optoelectronic properties of the conjugated polyquinolines 

has motivated our synthe-sis of new derivatives for electroluminescent device applications. 

 

Figure 1: Optical absorption, photoluminescence (excited at 399 nm) and 

electroluminescence (8 V) spectra of Bu-PPQ thin films 
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Figure 2: Current –voltage and voltage –luminance characteristics of the 

electroluminescent device ITO/TAPC: PS/Bu-PPQ/Al 

 

 Figure 1 shows the optical absorption, steady-state photoluminescence (PL), and 

electroluminescence (EL) spectra of Bu-PPQ. This polymer shows a strong ab-sorption with a p-

p* transition at 399 nm. The optical absorption edge bandgap is 2.78 eV (446 nm). Bu-PPQ thus 

has absorption peak and bandgap identical to those of PPPQ, which were previously reported [2 

b]. This suggests that the ground state electronic structure of PPPQ does not change with the 

introduction of the tert-butyl groups inBu-PPQ. Also shown in Fig. 1 is the steady-state PL 

spectrum of Bu-PPQ thin film excited at 399 nm. The PL spectrum shows an emission peak at 

554 nm. The yellow emission corresponds to a large Stokes shift of 155 nm (0.87 eV), which is 

characteristic of excimer emission of the solid film of many conjugated polymers [10]. The PL 

emission of Bu-PPQ showed a 20 nm blue shift compared to PPPQ(1), which has a PL emission 

peak at 574 nm. This indicates that the introduction of the tert-butyl groups in Bu-PPQ modifies 

the excited state electronic structure of the par-ent polymer PPPQ. That chain packing of 
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conjugated polymers should significantly influence their excited state properties more than their 

ground state electronic proper-ties has been predicted [10]. 

 The EL spectrum of the device ITO/TAPC:PS/Bu-PPQ/Al at a bias voltage of 8 V is 

shown in Fig. 1. The EL emission peak is at 554 nm. It can be seen that the EL spectrum is 

identical to the PL spectrum, indicating that the EL emission is from the Bu-PPQ layer only and 

that the electroluminescence and photoluminescence of Bu-PPQ originate from the same excited 

states. Figure 2 shows the current–voltage and luminance voltage characteristics of the EL 

device. The turn-on voltage of the ITO/TAPC:PS(50 nm)/Bu-PPQ(50 nm)/Al device was 8 V. It 

showed bright yellow color emission, which can be clearly seen under room light. The luminance 

of the device was 280 cd/m2 at a current density of 100 mA/cm2. The EL efficiency of the 

device was estimated to be 0.26% photons/electron. These values were about six times higher 

than those of PPPQ (1) under the same conditions. For example, the de-vice ITO/TAPC:PS(50 

nm)/PPPQ(50 nm)/Al had a luminance of 45 cd/m2 at the same current density of 100 mA/cm2. 

The large enhancement of electroluminescence in the tertbutyl- substituted Bu-PPQ (2) 

compared to the parent polyquinoline 1 can be understood in terms of reduced concentration 

quenching of luminescence facilitat-ed by increased inter chain packing distances [10]. 

Observation of efficient electro-luminescence in the ITO/TAPC:PS/Bu-PPQ/Al devices implies 

that the emissive Bu-PPQ layer also exhibits good electron transport (n-type) characteristics, in 

accord with prior findings for other polyquinolines [3, 6].  

 In summary, a new electroluminescent, yellow lightemitting n-type conju-gated polymer, 

Bu-PPQ (2), has been synthesized and characterized. Although the substitution of tert-butyl 

groups in Bu-PPQ did not change the optical absorption properties of the parent PPPQ, a more 

efficient electroluminescence with an EL quantum efficiency of 0.26% photons/electron and a 

luminance of 280 cd/m2 was observed. The brightness and efficiency of light-emitting diodes 

from Bu-PPQ (2) were six times higher that those of PPPQ (1) with no tert-butyl substitution. 

These results also demonstrate that thin films of the new polyquinoline exhibit good elec-tron 

transport (n-type) characteristics in EL devices.  
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Abstract: 

 The elements, which are used for machining having geometrical irregularities. These in 

discretions divert the stress distribution. The stress distribution of rectangular plate having a 

circular hole is examined. The structural steel materials are used for analysis. The results are 

about stress distribution and deformation for the designing of the machine. Likewise, it is 

experimental that, as Thickness/Diameter ratio increases, stress concentration factor also 

increases. Therefore from the current study, it can be said that finite element analysis is a very 

active tool to calculate stresses in various materials.  

 

Introduction: 

 Ansys develops and markets multi-physics engineering simulation software for product 

design, testing and operation and offers its products and services to customers worldwide. In the 

twenties, the company acquired numerous other engineering design companies, obtaining 

additional technology for fluid dynamics, electronics design, and physics analysis. Ansys 

Workbench is a convenient way of managing your simulation projects. 

 Ansys Mechanical proposals a lively environment with a comprehensive range of 

analysis tools, from making geometry for analysis to connecting added physics for even greater 

dependability. Ansys is one of the tools which are presently used with a lot of applications which 

have significant effects on our daily life. The elements with geometrical irregularities are used 

for machining, which disturb the stress distribution. Finite element analysis is a powerful 

technique used for solving engineering problems having designs that are subjected to boundary 

conditions. In the earlier period, some of the researchers have been deal with exact solutions of 

plate deflections with different boundary condition. Finite element analysis is used in new 

product design. Structural steel is a category of steel used for making construction materials in a 

variety of shapes. Many structural steel shapes take the form of an stretched out beam having a 
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profile of a detailed cross section. Structural steel shapes, sizes, chemical composition, 

mechanical properties such as strengths, storage practices, are regulated by standards in most 

industrialized countries. 

 The accuracy of simulations depends on the quality of the material property information. 

Thus, there is a state of information about the stress concentration in the structural component. 

While, the majorities of service crashes occurred in the area of stress concentration at the edge of 

a hole. In this study, the stress distribution of rectangular plate with structural steel materials 

having circular hole is carried out and results is about the stress distribution and deformation for 

the design. The present work deals with the analysis of a rectangular plate with the hole being 

considered as a stress distribution. 

 

Literature survey: 

 Dhanjal et al. (1) suggested that the elements, which are used for machining purposes 

offered with geometrical irregularities, which disturb the stress distribution and therefore, the 

state of stress in stress concentrated regions cannot be described in machine elements.  Mekalke 

et al. (2) explained that the finite element method (FEM) is a numerical method of analysis for 

stresses and deformations in structures of any given geometry. There are many solutions to 

reduce the stress concentration includes providing relief notches, holes etc. and investigated a 

plate with a circular hole applied to a uniform stress and examined the deviation in the results 

obtained through different meshes. Shivlingesh et al. (3) studied SCF‟s depend on the dimension 

ratio defined as the hole diameter of the beam to the width of the beam. The maximum stress 

occurs at corners of holes in both materials. Brahmbhatt et al. (4) analysed that the rectangular 

plate with a central elliptical hole using ANSYS and having lower values of aspect ratio, stress 

intensity factor gives less error. Shaik et al. (5) have found that stress concentration is always 

taking place on cut-out boundary in a finite width plate with a central hole under in static 

loading. The rectangular plate having a central hole is a common structure, but stress 

concentration around the hole makes the material liable to failure across the cut-out region. 

 

Material and Modelling: 

 In this study, a rectangular plate of structural steel material with hole has to be occupied 

for calculating stresses and deformations produced due to the applied force and fixed support. 

Likewise, the effect of Thickness/Diameter ratio has been analyzed by using various 

Thickness/Diameter (T/D) ratios which are 0.2, 0.4, 0.6, 0.8, and 1.0. The analytical method and 

finite element method were used to calculate the stress concentration factor using ANSYS. 
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Material properties of structural steel: 

 

 The rectangular plate with a circular hole has taken for calculating maximum stress and 

deformation due to applied force. 

Length of the plate  = 150 mm, 

Width of the plate = 50 mm, 

Diameter of the hole = 10 mm 

 The present investigation is the study of the rectangular plate having a circular hole 

exposed to a uniform stress. The length of the rectangular plate is 150 mm, thickness is varied 

from 2, 4, 6, 8, 10 mm & width is 50 mm, with a hole of diameter d is10 mm. The applied 

uniform stress is σ = 1000 N to the both sides.  

The stress concentration factor is calculated below: 

Stress concentration factor (Kt) = 3.0 – 3.13(d/W) + 3.66(d/W) 
2
 – 1.53(d/W) 

3 
 

Kt= 3.0 – 3.13(10/50) + 3.66(10/50) 
2
 – 1.53(10/50) 

3
  

Kt = 2.50816 

Finite element method 

 The geometry is formed and calculated in ANSYS. The force is applied on both sides of 

the plate. The fixed support is applied in centre. The meshed body of rectangular plate with hole 

is shown below, 

 

                                Figure 1: 3D Geometry with load applied on both sides 
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Figure 2: Meshed model of rectangular plate with hole 

 The stress concentration factor for a rectangular plate having a circular hole can be 

calculated by using the following equation, 

Stress concentration factor (Kt) = σ Maximum stress / σ Normal stress          -----------------> (1) 

Where, 

       σmax - Maximum stress 

       σnom - Nominal stress.  

σ nominal = applied force / area = F/A                                              ------------------>  (2) 

Area = (W × T) – (π/4 × d
2
) 

         = (50 × 2) – (π/4 × 10
2
) 

        =21.47 mm
2
 

σ Nominal = 1000 N / 21.47 mm
2
 

              = 46.57 Mpa 

The values of nominal stress and Kt are shown in the following table: 

Table 1: Values of nominal stress and Kt 

     Thickness         σ nominal Kt 

2mm 46.57 MPa 1.042 

4mm 8.232 MPa 2.625 

6mm 4.515MPa 3.184 

8mm 3.110 MPa 3.819 

10mm 2.372MPa 4.523 

 

Results: 

 The equivalent Von-Mises stress and deformations of structural steel for various 

thicknesses were shown below. 
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(a) Von-Mises for 2mm                                                   (b) Deformations for 2mm 

 

(a) Von-Mises for 4mm                                              (b) Deformations for 4mm 

         

(a) Von-Mises for 6mm                                              (b) Deformations for 6mm 

 

(a) Von-Mises for 8mm                                              (b) Deformations for 8mm 

 

(a) Von-Mises for 10mm                                        (b) Deformations for 10mm 

Figure 3: Equivalent Von-Mises stress and deformations of structural steel for 2 mm thickness 
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Calculation of Percentage error 

Percentage error in theoretical and practical values = Theoretical value – (FEM values/ 

                                                                                                                 Theoretical values) 

Percentage Error for 2 mm = 2.5081-1.042 / 2.5081 

                                           = 2.092 

                                         = 0.31% 

Error for 2mm = 0.31% 

Error for 4mm = 0.25% 

Error for 6mm = 0.18% 

Error for 8mm = 0.14% 

Error for 10mm = 0.10% 

 The values of Thickness/Diameter ratio, maximum Von-Mises stress, maximum 

deformation and stress concentration factor are represented in Table 2. The stress concentration 

factor is based on FEM values and theoretical values. 

 

Table 2: Stress concentration factor is based on FEM values and theoretical values 

T/D 

Ratio 

Material Maximum 

(Von-mises 

Stress)  

(MPa) 

Max. 

Deformation 

(mm) 

FEM  

values 

Theoretical 

values 

Error 

 % 

   0.2    48.15   0.0096   1.042 2.5081 0.31 

   0.4 Structural   21.61   0.0028   2.625 2.5081 0.25 

   0.6 steel   14.38   0.0015   3.184 2.5081 0.18 

   0.8    11.88   0.0010   3.819 2.5081 0.14 

   1.0    10.73   0.0008   4.523 2.5081 0.10 

 

 The graphical representations of various Thickness/Diameter (T/D) ratios were shown 

below, Equivalent Von-Mises stress and stress concentration factor of materials is represented in 

below figure. 
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Figure 4: T/D ratio Vs SCF 

 

 

Figure 5: T/D ratio Vs Von-Mises Stress 

 

Conclusion: 

 From the present study, it 

is observed that the deformation decreases with increase in Thickness/Diameter ratio, though an 

increase in Thickness/Diameter (T/D) ratio resulted as, decrease in von Mises stress and as 

Thickness/Diameter (T/D) ratio increases with increase in stress concentration factor. The stress 

concentration factor values obtained from finite element analysis shows error of 0.31% for 

structural steel. Therefore, from the present study, it can be said that finite element analysis is a 

very active tool to determine stresses in various materials. 
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Introduction:  

 In material science, elasticity is the ability of a body to resist a distorting influence and to 

return to its original shape and size when the force is removed.When an external unbalanced 

force is applied to a body; it gets deformed due to relative displacement of molecules. Due to this 

relative displacement of molecules, forces are developed inside the body which tends to oppose 

the deforming forces. If the deforming forces acting on the body are removed then the body is 

acted upon by internal elastic forces developed within the body which try to restore to its original 

dimensions. Solid objects will deform when adequate load are applied to them, if material 

elastic, the objects will return to its initial shape and size. Some bodies which return exactly to its 

original dimensions after removal of deforming forces are called perfectly elastic bodies. The 

reasons for elastic behavior are different for different materials. 

Hooke’s Law of Elasticity: 

 In 1676 Robert Hooke Physicist from U.K. discovered a relationship between stress and 

strain and has given fundamental law of elasticity. This relation is known as Hook‟s Law of 

elasticity. 

 It states that within the elastic limit, the force required to deform elastic body is directly 

proportional to the distance of deformation, regardless of how large that distance becomes.  

Elastic moduli:  

 In engineering the elasticity of material is quantified by the elastic modulus. Such as the 

Young‟s modulus, (Y) Bulk modulus, (K) and Modulus of rigidity (ɳ) which measure the amount 

of stress required to achieve a unit of strain. Higher modulus shows that the material is harder to 

deform. 

Young’s modulus (Y): 

 The modulus of elasticity which is related to change in length of a body is called Young‟s 

modulus of elasticity. 

mailto:dbzade04@gmail.com
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 It is defined as the ratio of longitudinal stress to longitudinal strain, within elastic 

limits.When there is change in length takes place then the strain is known as longitudinal strain. 

 Consider a metal wire of length L and radius r suspended from a rigid support. When a 

deforming force is applied to metal wire in one direction, change in length takes place. Let ɭ be 

the increase in length which caused by the application of force, then 

Longitudinal strain = 
change  in  length

original  length
 

 Longitudinal strain=
ɭ

𝐿
 

Since force F is applied along the length and is perpendicular to its area of cross section, 

∴Longitudinal stress = 
applied  force

area
 

= 
F

πr2
 

Hence, Young‟s modulus of elasticity =
Longitudinal  stress

Longitudinal  strain  
 

 Y = 

F

πr2

ɭ

L

 

 Y =
FL

πr2ɭ
 

The S.I. unit of Young‟s modulus is N/m
2
 and its dimensions are [L

-1
 M

1
 T

-2
]. 

Bulk modulus: 

 The modulus of elasticity which is related to change in volume of body is called bulk 

modulus of elasticity. 

 It is defined as the ratio of volume stress to volume strain. When there is change in 

volume takes place due to application of force then the strain is known as volumetric strain. 

 Consider a rubber cube having volume „V‟. When a uniform pressure or force F applied 

perpendicular to its surface, it undergoes a change in volume. Let „v‟be the change in volume of 

cube then, 

Volume strain = 
Change  in  volume

Original  volume  
 

= 
v

V
 

Volume stress = 
Applied  force

area  
 

 

= 
F

a
 

Hence, Bulk modulus of elasticity = 
Volume  stress  

Volume  strain  
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K= 

F

a
v

V

 

But 
F

a
 = P = applied pressure 

∴K = P.
v

V
 

  When a very small pressure „dP‟is applied, the change in volume being very small i.e. 

dV, then 

Bulk modulus, K = - V
dP

dV
 

 The negative sign indicates that an increase in applied pressure causes a decrease in 

volume. 

 Bulk modulus of elasticity is the property of solids, liquids, and gases. The S.I. unit of 

Bulk modulus is N/m
2
 and its dimensions are [L

-1
 M

1
 T

-2
]. 

Modulus of rigidity: 

 The modulus of elasticity which related with changes in shape of a body is called 

modulus of rigidity. 

 It is defined as within elastic limit, the ratio of tangential stress to shearing strain is called 

modulus of rigidity. 

 To find the value of shearing strain, consider a solid cube ABCDEFGH. The lower face 

DCGH is fixed and a tangential force F is applied at the upper face ABEF so that the upper face 

is displaced to a new position A‟B‟E‟F‟ as shown in figure.  

 

 

Shearing strain = 
Displacement  of  a upper  plane

Distance  from  the  fixed  plane  
 

 = 
AA ′

AD
 

 = 
dx

L
 

∴ Shearing strain = tan θ 
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When θ is small, then tanθ = θ 

∴Shearing strain = θ and  

Now, Tangential stress = 
applied  force

area
 

= 
F

a
 

Thus, modulus of rigidity = 
Tangential  stress

Shearing  strain  
 

= 

F

a

θ
 

∴Modulus of rigidity = 
F

a θ
 

 

Poisson’s ratio:  

 When a force is applied to a body along any direction, then, there is change in size along 

the direction of force and also change in size in perpendicular direction occurs.  

 When a force is applied to the free end of a metal wire, it gets elongated, its length 

increases but its diameter decreases. Consider a wire of length „L‟ and diameter „D‟ is stretched 

longitudinally by a force, then its length increases by „ɭ‟ and diameter decreases by „d‟ 

∴Longitudinal strain, α = 
Change  in  length

Original  length
 

 α=
ɭ

L
and  

 Lateral strain, β = 
Change  in  diameter

Original  diameter
 

 β = 
d

D
 

 Poisson discovered that within elastic limit, lateral strain is proportional to longitudinal 

strain  

The ratio of lateral strain to longitudinal strain is called Poisson‟s ratio and it is denoted by „σ‟ 

Thus, Poisson‟s ratio =
Lateral  strain

Longitudinal  strain  
 

 σ = 
β

α
 

 σ = 

d

D
ɭ

L

 

 σ = 
dL

Dɭ
 

Poisson‟s ratio is a unit less and dimensionless quantity. 
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Torsional Pendulum: 

 A solid heavy body like a disc fastened at its mid-point by long and thin elastic wire and 

suspended from a rigid support, constitute a Torsional Pendulum. 

 

 

Torsion oscillations: 

 If the suspended body is slightly rotated through a small angle from its equilibrium 

position about the axis of suspension by applying a torque, then lower end of the wire will get 

twist and due to this twist restoring torque is produced in the wire. 

  Now if external torque is removed, then angular acceleration produced in the body in 

opposite direction to that of the twist. But due to inertia, body does not come to rest and it rotated 

in opposite direction. Now the wire is twisted in the opposite direction and again restoring torque 

is produced in the body. Thus the body oscillates about the wire as an axis and such oscillations 

are called Torsion oscillations. 

Periodic time of Torsion Pendulum: 

 Let the disc is rotated through a small angle θ. Due to this restoring torque is produced in 

the wire which tends to bring it back into its original position. 

Restoring torque, Ʈ∝ θ 

∴Restoring torque, Ʈ = - Cθ  

  Where C is restoring torque per unit angular twist of the wire and - ve sign indicates that 

the restoring torque is oppositely directed to the angular displacement. 

 If I is the M.I. of the disc about the wire as axis passing through its center and
d2θ 

dt2 is its 

angular acceleration then twisting torque acting on it is given by  

Twisting torque = 
I d2θ 

dt2  
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Now Twisting torque = Restoring torque 

∴
I d2θ 

dt2  = - Cθ 

d2θ 

dt2
 = - (

C

I
)θ 

∴
d2θ 

dt2 ∝ -θ  

T hus, the angular acceleration is directly proportional to its angular displacement and both 

are oppositely directed to each other. Hence the torsion pendulum performs an angular S.H.M. 

andits periodic time will be  

𝑇 =
2π

 C
I

 

T =  2π  
I

C
 

 

 Relation between elastic constants: 

1) Relation between Y, K, and σ 

Consider a unit cube which is of homogeneous isotropic material and let the forces Fx , 

Fyand Fz  act parallel to X, Y and Z direction respectively on the faces of cube as shown 

in fig.  

 

If we assume pair of force Fx-Fx  is acting on the cube then they produce elongation along 

x-axis and lateral contraction along y-axis and z-axis. 

Let α = Increase in length per unit length along the direction of force i.e. longitudinal 

strain per unit stress and 

 β = Contraction produced per unit length per unit tension in a direction perpendicular to 

the force i.e. lateral strain per unit stress. 
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∴Increase in length along x-axis = α Fx  

 Contraction strain along y- axis = βFy  

Contraction strain along z- axis = βFz  

∴Net increase in length ɭx produced in the side of a unit cube along x-direction is  

ɭ
x
 = αFx  - βFy- βFz  

ɭ
x
= α Fx – β (Fy+Fz)---------------(1) 

Similarly net increase in length along y-direction and z-direction are 

ɭ
y
=α Fy  – β (Fx+Fz)-----------------(2) 

ɭ
z
= α Fz– β (Fx+Fy)-----------------(3) 

If the forces acting on the three faces are equal, then  

Fx  =Fy=Fz  

Therefore equation (1) becomes  

 ɭx = α Fx  – 2β Fx  

ɭx= (α – 2β) Fx  

∴  ɭ
x
 =ɭ

y
 = ɭ

z
 = (α – 2β) Fx  

Therefore new length of each side of a unit cube = [1+ (α – 2β)Fx] 

Hence the new volume of the cube = [1+ (α – 2β)Fx]
3
 

Since α and β are very small quantities, terms containing their square and higher power 

can be neglected. Therefore expanding and neglecting higher powers, 

New volume of the cube = 1+ (α – 2β) 3Fx 

∴ Increase in volume of the cube = [1+ (α – 2β) 3Fx] – 1 

 = (α – 2β) 3Fx 

∴ Volume strain = 
Increase  in  volume  

Original  volume  
 

= 
 (α – 2β) 3Fx

1
 

= (α – 2β) 3Fx 

Hence Bulk modulus, K =
Volume  stress  

Volume  strain
 

K = 
Fx

(α – 2β) 3Fx
 

 K = 
1

3(α – 2β) 
 

Divide the numerator and the denominator by α, then 
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K = 

1

α

3(α – 2β) 

 α 

 

 K = 

1

α

3(1−2
β

α
)
 

But 
1

α
 = Y and 

β

α
 = σ 

∴K = 
Y

3(1 – 2σ) 
 

Or Y= 3K (1 – 2σ) 

This equation gives the relation between Y, K and σ. 

 

 

Relation between Y, ɳ and σ:- 

When a tangential force F is applied to the upper face of a cube ABCD then the upper 

face ABCD is displaced to the new position A‟B‟CD. The diagonal DB increases in the 

length to DB‟ and diagonal CA decreases to CA‟  

 

 

 

It means that, the unit cube is subjected to only two forces i.e. extensional force along x-

axis and equal compressional force along z-axis  

Therefore in this case Fy= 0 and Fz  = -Fx 

Thus equation (1), (2) and (3) becomes  

ɭ𝑥  = α Fx – β (Fy+Fz) 

ɭ𝑥 = α Fx - β Fy- βFz 

ɭ𝑥  = α Fx - 0 - β(-Fx) --------------By putting Fy= 0 and Fz = -Fx  ∴ ɭ𝑥 = α Fx+ βFx 

∴ ɭ𝑥 = (α +β) Fx-----------------(4) 
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ɭ𝑦 =α Fy – β (Fx+Fz) 

ɭ𝑦 = 0 –β (Fx–Fx)-----------------By putting Fy= 0 and Fz = -Fx ∴ ɭ𝑦 = 0------------------------

----(5) and  

 

ɭ𝑧 = α Fz – β (Fx+Fy) 

ɭ𝑧 = -α Fx - β (Fx+ 0) --------------By putting Fy= 0 and Fz = -Fx 

∴ ɭ𝑧 = - (α + β) Fx -----------------(6) 

From equation (4) and (6)  

ɭx = - ɭ𝑧 Thus there will be equal extensional and contractional strains along x-axis and z-

axis 

Now modulus of rigidity, ɳ = 
Shearing stress 

Shearing strain
 

 = 
Fx

Φ
 

In this case, shearing strain = 2(α + β) Fx 

 

∴ɳ = 
Fx

2(α + β) Fx
 

ɳ = 
1

2(α + β) 
 

2ɳ (α + β) = 1 

Dividing both sides by α, we get  

∴
2ɳ (α + β) 

α
 = 

1

𝛼
 

2ɳ (1+
𝛽

𝛼
) = 

1

𝛼
 

But 
1

𝛼
 =Y and 

𝛽

𝛼
 = σ 

∴2ɳ (1+σ) = Yor 

ɳ = 
Y

2 (1+σ) 
 

This equation gives the relation between Y, ɳ and σ. 

 

Relation between Y, K and ɳ:- 

We have the relation between Y, ɳ and σ. 

ɳ = 
Y

2 (1+σ) 
 

or Y = 2ɳ (1+σ)  
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∴
Y

ɳ
 = 2 (1+σ)  

Y

ɳ
 = 2 + 2σ --------------------(1) 

The relation between Y, K and σ. 

K = 
Y

3(1 – 2σ)
 

Or Y= 3K (1 – 2σ) 

∴
Y

3K
 = (1 – 2σ) -----------------(2) 

Adding equation (1) and (2) we get  

Y

ɳ
 + 

Y

3K
 = 2 + 2σ + 1 – 2σ 

Y

ɳ
 + 

Y

3K
 = 3 

Multiplying above equation by 
3

Y
 

∴
Y

ɳ

3

Y
 + 

Y

3K

3

Y
 = 3 

3

Y
 

3

ɳ
+

1

K
 = 

9

Y
or  

9

Y
 = 

1

K
 + 

3

ɳ
 

This equation gives the relation between Y, K and ɳ 

 

Relation between K, ɳ and σ:- 

The relation between Y, K and σ. 

K = 
Y

3 1 – 2σ 
 

∴Y= 3K (1 – 2σ) -------------(1) 

 The relation between Y, ɳ and σ. 

ɳ = 
Y

2 (1+σ) 
 

Or Y = 2ɳ (1+σ) -------------------(2) 

Equating equation (1) and (2) we get 

3K (1 – 2σ) = 2ɳ (1+σ) 

3K – 6Kσ = 2ɳ + 2ɳσ 

3K - 2ɳ = 2ɳσ + 6Kσ 

3K - 2ɳ = σ (2ɳ + 6K) 

3K − 2ɳ 

2ɳ + 6K
 = σ 
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∴σ = 
3K − 2ɳ

2(3K + ɳ)
 

This is an expression for Poisson‟s ratio in terms of elastic constants.  
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 Blood/Fluid can be divided into two ways on the basis of shearing stress and rate of strain 

is as follows. 

 

(i) Newtonian fluid   

 If = e, then fluid is called Newtonian viscous fluid where 

  = Stress  

  = Rate of deformation 

 e = Strain rate  

(ii) Non-Newtonian fluid  

 If  = en, n < 1 or n >1 then fluid is said to be non-Newtonian fluid i.e. for which stress 

becomes non- linear, nonhomogeneous function of strain rate, such fluids are called non-

Newtonian fluid, it may also of the form  = e + 

,  


where 


is initial stress. 

 Some important non-Newtonian fluidare. 

(a) Hershel - Bulkley fluid 

 00 ,en     

(b) Casson fluid 

 0

2/1

0

2/12/12/1 ,re   

(c) Power law fluid 

 
ne  
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(d) Ellis fluid 

 
nBAe   

(e) Oka’s equation 

 
 






Be

de
K

C

d
 

(f) Prandtleqution 

 







 

C

e
sinA 1

 

 

Classification of Non-Newtonian Fluid: 

 Non-Newtonian fluid has been classified into two main categories: (A) Inelastic Non-

Newtonian fluid and (B) viscoelastic Non-Newtonian fluid. The first one can be subdivided into 

two types (i) visco-inelastic fluids or time independent and (ii)visco-elastic fluids or time 

independent. 

(A) Inelastic Non-Newtonian fluid: 

(i) Time independent Non-Newtonian fluid: 

 In the Time-independent fluids properties such as viscosity does not depends on time. 

The non-linearity relation between the shear stress and strain rate at a given point is solely 

written by the following way: 

  τ = f(𝛾  ) 

 Where, τ and Ẏ are the shear stress and shear rate. 

  The Time independent Non-Newtonian fluid can be subdivided into three varieties 

depending on the form of function of above equation: 

(i) Pseudo plastic (shear thinning) 

(ii) Dilatant (shear thickening) 

(iii) Viscoelastic 

  Pseudo plasticfluids or shear-thinning fluids often exhibit a apparent viscosity which 

decreases with increasing stress. Polymer solutions, polymer melts, printing inks and blood are 

the pseudo plastic fluids. Dilatants often referred as shear-thickening fluids, exhibit viscosity 

increase with increasing shear rate. Gum solution, aqueous suspensions of titanium dioxide, wet 

sand, starch suspensions are treated as dilatants fluids. Shear-thinning behaviour is more 

common than shear-thickening. 
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(ii) Time-Dependent Fluids: 

 In these types of fluids apparent viscosity depends on the time of applied shear along 

with strain train rate. Such types of liquids are regarded as complex non-Newtonian fluid. It is 

recognized that there are two main classes of time-dependent fluids: (a) thixotropic and (b) 

rheopectic. 

Thixotropic fluid: (Means changing) 

 It is most important fluid which exhibits time-dependent shear thinning property. Some 

more viscous fluids such as gels under static conditions cannot flow but when external force 

applied or stressed. Such types of fluid acquire the property of flow due to low viscosity. They 

take a stationary time to return to its previous state. 

Rheopectic fluid:  

 It is a rare property of a time-dependent of some non-Newtonian fluids in which viscosity 

increase with time. Examples of some rheopectic fluids are lubricants. The viscosity of these 

types of fluids increase i.e. thickens or solidifies when shaken for a long time. The longer the 

fluid undergoes shearing force, the higher its viscosity. Sometimes the rheopectic behaviour of 

fluid may be considered as time-dependent dilatant behaviour. 

 The theories of the time-dependent fluids are less developed. In spite of many proposed 

models for the time-dependent fluids in the several literatures here two common models have 

been presented. 

(B) Viscoelastic fluids: 

 Viscoelastic fluids are those that illustrate partial elastic recovery upon the removal of a 

deforming stress. Such materials possess properties of both fluids and elastic solids and obey 

Hooke‟s law of elasticity. For viscous fluids constitutive equation can be written as: 

 𝛾 = 
𝜏

𝜋
+

𝑟 

𝑘
 

Where, Ẏ and κ are the shear rate and rigidity modulus respectively. 
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Abstract: 

Nanotechnology deals with the materials size from 1 to 100 nm in length. The 

nanomaterials are using in many process of science and technology. Due to the change in life 

style the human needs also changed. The people expectations were also increased. They expect 

many features such as long lasting, eco-friendly products. It creates the path to nanotechnology 

to enter into the world. Nanoparticles are being used for various fields such as cosmetics or 

clothes, agriculture, environment and medicine. Due to their exceptional properties including 

Nanotechnology gives the specific properties such as antimicrobial activity, durability, and water 

repellence, antibacterial activity, high resistance to oxidation and high thermal conductivity have 

attracted considerable attention in recent years.  

 

Introduction:  

 Nanotechnology is the science that deals with matter at the scale of 1 billionth of a meter 

(i.e., 10 −9 m = 1 nm), and is also the study of manipulating matter at the atomic and molecular 

scale. It exploits unique chemical, physical, electrical, and mechanical properties that emerge 

when matter is structured at the nano scale (Cristina Buzea et al., 2007). Advancement in 

technology transformed the whole world. Nanotechnology is one of the field which is involved 

in changing of world. The idea of nanotechnology was initially presented by Richard Feynman in 

the year 1959, through his speech “There‟s Plenty of Room at the Bottom”, which was delivered 

at an American Physical Society conference, at the California Institute of Technology (Feynman, 

1959). The term Nanotechnology‟ was coined by Prof. Norio Taniguchi, Tokyo Science 

University in 1974 to describe the precision manufacture of materials with nanometres tolerances 

and was unknowingly appropriated by Drexler in his 1986 book „ Engines of creation: The 

Coming Era of Nanotechnology (Melgardt, 2008).  
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 The term “nano” means one-billionth or 10
−9

 henceforth, one nanometer is referred to as 

one billionth of a meter. The nanomaterial exists in a very small scale (10 
-6

 of a millimetre) as 

exemplified, a human hair is about 80000 nanometers and our hereditary DNA molecule 

(chromosome) is about only 5-10 nanometers. Nanoparticles or nanomedicines are 100-10000 

times smaller than a human cell (~20-50 μm) and much smaller than microorganisms (~1-5 μm) 

that to be targeted or to be modified (figure 1). 

 

Figure 1: Size of Nanoparticles 

 

Approaches for Nanoparticles synthesis 

There are two general approaches for the synthesis of nanomaterials as shown in Figure 

2.They are (1) bottom-up approach and (2) top-down approach (Iqbal et al., 2012).  

In bottom-up approach refers to the synthesis of nanoparticles by means of chemical 

reactions from the bottom: atom-by-atom, molecule-by-molecule, or cluster-by cluster. Various 

methods that use bottom-up techniques include supercritical fluid synthesis, plasma or flame 

spraying synthesis, laser pyrolysis, molecular condensation, the sol gel process and chemical 

reduction . 

In Top-down approach involves mechanical methods to the breakdown the bulk material 

into several parts to form nanosized structures or particles. Various metallic nanoparticles are 

composed of top-down methods such as etching, sputtering, and laser ablation. 

The techniques are categorized into physical, chemical, and biological techniques for 

synthesizing nanoparticles for both top-down and bottom-up approaches. The idea about these 

methods given in the figure 3 and 4. While bottom-up strategy suggests that nanoparticles are 

synthesized to the required material from smaller molecules. Chemical reduction is mostly used 

in this technique, sometimes combined with the capping agent for nanoparticles synthesized 



Advances in Material Science Volume I 

    (ISBN: 978-93-91768-58-4) 

 

39 
 

stabilizing purposes. But the chemical method synthesis causes environment harm due to release 

of chemical substances.  

 

 

Figure 2: Synthesis approaches for nanoparticles (a) bottom-up and (b) top-down 

approaches source:https://www.intechopen.com/chapters/71200) 

 

Biological method of nanoparticle synthesis is also categorized under bottom-up 

approach, where biomolecules incorporate with metallic substances for nanoscale material 

production. The biological method is preferred over the other two conventional as it is a green 

method, environmentally friendly, and does not require higher energy consumption 

(Santheraleka Ramanathan et al., 2021).  

Nanoparticles obtained through the biological approach have a greater specific surface 

area, increase the rate of catalysis, and have metal salt and improved enzymes (Liang et al., 

2012). The use of biological materials, such as bacteria, yeast, mold, microalgae and plant 

extracts, to synthesize nanoparticles has some advantages like less energy consumption and 

moderate technology without using toxic chemical (Mie et al., 2014). Biological sources that are 

used for nanoparticle synthesis provide a simple method and easy increase in biomass, ensuring a 
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uniform particle size, as well as multiplication. The use of microbes is one of the most prominent 

methods among the biological approaches of nanoparticle synthesis. A generalized schematic 

representation of green synthesis of NPs is shown in figure 5. 

 

 

Figure 3: Schematic illustration of top-down and bottom-up approach in nanoparticle 

synthesis (Santheraleka Ramanathan et al., 2021) 

 

 

Figure 4: Different method of Nanoparticle synthesis (Muniyandi Jeyaraj et al., 2019) 

https://sciprofiles.com/profile/620990
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Figure 5: Generalized schematic representation of green synthesis of metallic nanoparticles 

(Md. Arshad Ali et al., 2020) 

 

Green synthesis of NPs is a cost-effective and eco-friendly technique that does not use 

toxic chemicals. This technique employs a number of reducing and stabilizing agents like 

microbes, plants and other natural resources to produce NPs for sustainable in manner 

(Ogunyemi et al., 2019). The green synthesis of NPs has gained much attention due to it being 

eco-friendly, cost effective and highly stable (Dhuper et al., 2012). Several studies have reported 

the production of NPs using plants and microorganisms (Korbekandi et al., 2016). The green 

synthesis methods of NPs are diversified, but organisms or their extracts are simply reacted with 

a metallic salt and then biological reduction is carried out to convert the metal to NPs. The 

produced NPs are readily available to use after proper characterization (Mittal et al., 2013).  
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Microbe-mediated synthesis of nanoparticles is a green approach that utilizes bacteria, 

fungi, viruses and their products for the production of nanoparticles. In comparison to microbial 

synthesis as a potential technique, plants can be used in convenient manner for nanoparticles 

production. The synthesis of nanoparticles can be scaled up easily by using plant extracts. In 

addition, the plant extracts can reduce metallic ions more quickly than microbes and produce 

stable metallic nanoparticles (Iravani et al., 2011). In plants extracts, many compounds like 

polysaccharides, proteins, amino acids, organic acids and phytochemicals like polyphenols, 

flavonoids, terpenoids, alkaloids, tannins, and alcoholic substances are present that can reduce 

and stabilize the nanoparticles (Ahmed et al., 2017).  

Applications of Nanotechnology: 

 

Figure 6: Application of nanoparticles in various fields 

 

Nanoparticles, nanofluids, nanowires and nanofilms all give rise to implausible 

applications in the field of science and technology i.e. microbiology, optics, electronics, textiles, 

biomedical, coatings, aerospace, materials science, energy, plastics and mechanics etc. 

Conventional materials impregnated with nanoparticles possessing enhanced properties owing to 

large surface area of nanoparticles. A visible shift of change in properties has been seen while 

moving from microscopic to nanoscopic level (Hashim, 2012).  
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a) Applications in Textile  

The application of nanoparticles in textile field causes the remarkable changes in the 

quality of life. Fabrics produced with Nanotechnology has specific properties such as static 

protection, self-cleaning, shrink resistance, stain resistance, fire resistance, electrical conductive, 

fragrance release, UV protection, water repellent (hydrophobic), moisture management, high 

strength, antimicrobial and wrinkle resistance. 

 

Figure 7: A diagrammatic representation of various utilizations of nanotechnology-based 

textiles. Reproduced from reference (Yetisen et al., 2016) 

 

Nano textiles are used now days numerously, it ranges from fashioned technological 

clothing to protective occupational dresses, environmental waste savings to functional finished 

clothing. The application of nanotechnologies to textiles affords an expanded array of properties 

with potential for improved and novel use in materials and products (Brian, 2012). 

Nanotechnology can reduce the use of water as the nanostructure and surface functionality can 

be imparted using dry techniques on fabric ((Joshi, 2011). It has a great effect on environment 

and the process is also eco friendly.  

The nanotechnology utilized in textile field in the following ways. 

a) Nanofinished textiles  

The nanofinished textiles are commercially available such as nanospherenanocare, lotus 

effect in fashion world. One of the earliest uses of nanofinish in fabric finishing was in surface 

coating for soil repellency and soil release properties. It has certain benefits over traditional 
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finishing, which are principally: (i) In general, in the case of nanofinishing, it only requires a 

lesser quantity of nanomaterials relative to bulk materials utilized in traditional finishing, for 

obtaining a similar effect. (ii) They do not influence the aesthetic feel of the textile materials. (iii) 

These nanofinishings are more durable due to the increased surface area-to-volume ratio of 

nanomaterials along with its homogenous distribution in textile material. (iv) Certain 

functionalities that are hard to attain by traditional finishes could possibly be developed by 

nanofinishing (Gokarneshan et al., 2018 and Ghosh et al., 2020).  

b) Nanocomposite textiles  

A nanocomposite is a material where one of the dimensions/phases is less than 100 

nanometers (nm). It has been found that by appropriate addition of nanoparticles to a polymer 

matrix its performance can be enhanced dramatically (Mandat et al., 2012). Various textile 

fabrics have been treated with the nanocomposites developed to improve their fire retardancy 

and antibacterial properties. 

c) Nanofibrous textiles 

Nanofibers possess high surface area to volume area and small pore size with 

significantly improved chemical, mechanical, and biological properties as diameter decreases to 

nanoscale (Khan et al., Parhizkar et al., and Manea et al., 2017). Therefore, nanofibers have 

attracted an attention of research over the few decades in the various fields of life. One of them is 

the medical textile, due to nanofibers‟ biocompatibility, biodegradability, non-biodegradability, 

strength, elongation, and porosity (Salehi et al., 2017 and Senel-Ayaz et al., 2018). Therefore 

nanofibers can be promising materials for many biomedical applications including the 

production of artificial blood vessels (Ma et al., 2005), scaffolds for engineered tissues (Duan, 

2013), wound dressings (Chen et al., 2008), and filter (Yun, 2007). There are various techniques 

used in fabrication of nanofibers but electrospinning is the convenient method because of its low 

rate and high production rate.  

2) Application in medicine 

The application of nanotechnology in the health sciences has given rise to nanomedicine, 

a new discipline that aims to develop tools for diagnosing, preventing and treating diseases at an 

early stage of their development (Lechuga et al., 2011). Nanomedicine is an interdisciplinary 

field in which nanoscience, nanoengineering and nanotechnology interact with the life sciences. 

It is expected that nanomedicine will lead to the development of better devices, drugs and other 

applications for early diagnosis or treatment of a wide range of diseases with high specificity, 

efficacy and personalization with the aim of improving the quality of life of patients. Because of 

its broad scope, it is expected that nanomedicine can be involved in all aspects of medicine, i.e., 
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enter into conventional clinical practice. Nanomedicine differs from other types of conventional 

medicines in that it involves the development and application of materials and technologies with 

nanometric length scales (Pelaz et al., 2017). Nanomedicine covers three main areas: 

nanodiagnosis, controlled drug delivery (nanotherapy), and regenerative medicine. 

  

Figure 9: Applications of nanotechnology in medical field (Amr El-Sayed et al., 2019) 

 

 

Figure 10: Types of nanodevices are used in clinical Application  

(Khalid Khalaf Alharbi, 2014) 

 

a) Nanodiagnostics:  

 In general, nanodiagnosis is considered as the design and development of analytical and 

imaging systems that allow for the detection of disease or abnormal cell function in early stages, 

both in vivo and in vitro (Lechuga et al., 2011). Nanomaterials can be used for in vivo diagnosis, 

being used as contrast agents to visualize tissue structures inside the human body and to delimit 

https://link.springer.com/article/10.1007/s11356-019-06459-2#auth-Amr-El_Sayed
https://www.sciencedirect.com/science/article/pii/S1319562X1300096X#!
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healthy vs. pathological tissues. To this end, NPs are designed with different contrast properties 

for different modalities, such as computed tomography (CT), magnetic resonance imaging 

(MRI), positron emission tomography (PET), single photon emission computed tomography 

(SPECT) or fluorescence imaging. NPs will be designed to target specific tissues and generate 

the contrast.  

b) Controlled drug release:  

 Bearing in mind the complexity, the conventional drug delivery system cannot deliver the 

chemotherapeutic agents in the most effective concentration to cause tumour cell death, and 

debilitating side effects occur. This has led to the development of NPs as a drug delivery system 

with the aim of achieving tumour specificity and improving the therapeutic index and 

pharmacokinetic profile of chemotherapeutic agents (Fernandes et al., 2018). Thus, nanotherapy 

may allow for target active nanosystems containing recognition elements to act or transport and 

release drugs specifically on affected areas or cells, with the goal of achieving more effective 

treatment with fewer side effects (Lechuga et al., 2011).  

c) Regenerative Medicine:  

 Regenerative medicine aims to repair or replace damaged tissues and organs using 

nanotechnology tools (Lechuga et al., 2011). Nanomaterials designed to deliver drugs or perform 

some action on diseased tissue are programmed to degrade later, but nanomaterials that are not 

removed and remain performing their function continuously are also being synthesized. These 

nanomaterials will allow for surface modelling and provide new functions in tissue engineering, 

such as new properties of implants. One example is carbon nanostructures, which are 

biocompatible and support the growth and proliferation of different cell types (Pelaz et al., 

2017). 

d) Applications in agriculture 

Technical innovations in agriculture are prime necessity to combat worldwide challenges 

of population boost, climate change and restricted food availability. Sustainable agricultural 

intensification is a concept aimed at increasing food production from the same existing farmland 

without adverse environmental impacts (The Royal Society, 2009). The application of 

nanotechnology approach to agricultural crop handouts is one of the proposed apparatus for 

sustainable agricultural intensification. Nanotechnology potential is explored in agriculture 

sector to chop applications of plant protection aggregates, lowers nutrient losses, promotes rapid 

pest detection and ameliorates yields through improved nutrient management (Ghormade et al., 

2011). The broad range of nanotechnology applications in agriculture given in the figure 11. 
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Figure 11: Potential applications of nanotechnology in agriculture ( Fraceto et al., 2016) 

(A) Increase the productivity using nanopesticides and nanofertilizers;  

(B) Improve the quality of the soil using nanozeolites and hydrogels;  

(C) Stimulate plant growth using nanomaterials (SiO2, TiO2, and carbon nanotubes);  

(D) Provide smart monitoring using nanosensors by wireless communication devices 

 

Conclusion:  

 The introduction of nanoparticles in the world has resulted in the reduction of waste 

material and also production of labile biologically active substances in the field of agriculture, 

textile and medicine etc to improve the life. It also eradicates the diseases which affect the 

human and promise the healthy life. It also helps in the economic development of the nation.   
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 These fluids are characterized by the fact that the shear rate depends not only on the 

applied stress, but, in addition, on the duration of the stress. Fluids which show a decrease in 

viscosity with time under isothermal conditions and steady shear are called thixotropic while 

those fluids which show increase in viscosity are called rheopectic. The thixotropic fluids are 

more common thenrheopectic fluids and are of great importance in industries. 

 The behavior of a time-dependent fluid is attributed to the sequence of molecular 

structural changes and the knowledge, regarding the mechanism of breaking and of a 

deformation of the molecular changes, lacks precision. Also, the mathematical representation 

involves a large number of co-ordinates even to define the shape and operation of molecular 

changes. Due to these handicaps, no definite constitutive equation for such fluids has been 

proposed so far. 

 There are materials for which a suddenly applied and maintained state of uniform stress 

induces an instantaneous deformation, followed by a flow process which may or may not be 

limited to magnitude, as time grows. A material which responds in this manner is said to exhibit 

both an instantaneous elastic effect and creep characteristics. This behavior is clearly not 

described either by elasticity or viscosity theory but combines features of both. Hence, they are 

called visco-elastic materials. 

 When a visco-elastic fluid is in motion, a certain amount of energy is stored up in the 

material as strain energy while some energy is lost due to viscous dissipation. In this class of 

fluids, unlike the case of purely viscous fluids, the strain, however small, can not be neglected, as 

it is responsible for  the recovery to the original state and for the reverse flow that may follow 

the removal of the stress. During the flow, the natural state of the fluid changes constantly and 

tries to attain the instantaneous state of deformation but never succeeds completely. This leg is a 

measure of elasticity of the so called „memory‟ or elastic response of the fluid. In the formulation 

of the rheological models or constitutive equations, an account of this memory is taken by 
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introducing „stress relaxation times‟ and „strain-rate retardation times‟. The problem of allowing 

for memory in rheological model has resulted in several theories of viscoelasticity. A number of 

workers like Oldroyd (1950, 1958), Lodge (1954), Dewitt (1955), Pao (1957), Green and Rivlin 

(1957), Noll (1958) and Walters (1960) have developed the constitutive equations ofvisco-elastic 

fluids. 

 For these fluids, the shear rate depends on the imposed stress and the extent of 

deformation so that. 

  ,f  

 The Weissenberg „climbing‟ effect was the pioneering work in this field. Weissenberg 

(1947, 1948) showed that elastic fluid „climb‟ onto a sahft rotating within, in opposition to 

centrifugal forces. The Navier-Stoke's equations had, therefore, to be modified. The constitutive 

equations are derived from considerations of invariance and general assumptions regarding the 

variables occurring in these equations. A significant feature of such equations is that the choice 

of variables is motivated by physical conditions derived from practical experience. 

 There are two invariance conditions. The first expresses the fact that a simultaneous 

rotation of medium and reference system leaves the constitutive equation unchanged. The stress 

must, therefore, be capable of being expressed in terms of the basic kinematic variables like 

gradients of displacement, velocity and acceleration by means of systematic tensors defined in 

their terms. The second invariance condition expresses that the isotropy of the fluid in its 

undisturbed state imposes further restrictions on the way in which the stress must depend on 

these kinematic tensors. 

 We give below the description of four most well-known models: 

(i) The Maxwell Model  

 One of the simplest model which can be constructed, is one spring and one dash-pot in 

series and is known as the Maxwell model. 

G
s


        (1) 

  







d
       (2) 

 This is a fluid model since a constant applied stress will result in a continuous 

deformation due to unrestrained extension of the dash-pot. 
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 The total strain, that is displacement of the model, is the sum of elastic strain  of the 

spring and the fluid stream 
d
  of the dash-pot. Thus, 

ds
        (3) 

Differentiating (3) with respect to time and with the help of (1) and (2), we get 




       (4) 

where, 
G


 is the relaxation time. 

If G that is 0 the spring becomes a rigid connection and the model reduces to that of 

a Newtonian fluid. 

Conversely, if  that is  , the dashpot becomes rigid and the model becomes that of 

a Hookean solid. 

 To get a feel for the behaviorof the Maxwell fluid, let us consider its response to a stress-

relaxation test in simple shear, in which a shear strain of magnitude 
0
  is suddenly applied at 

time t = 0 and is held constant. If the initial extension were infinitely fast, the dash-pot would 

remain rigid, since an infinite strain-rate would require an infinite stress to expand it. Hence, 

only the spring will extend initially. If the extension is then maintained constant, however, the 

spring contraction force will react on the dash-pot causing it to extend as the spring relaxes. 

 Oldroyd (1953) proposed a more complicated equation 







 



21
      (5) 

 where, 
1

  is the relaxation time and 
2

  the retardation time. This means, that, if the 

motion is suddenly stopped, the shear stress decays as 1/t
e


. If all stresses are suddenly 

withdrawn, the rate of strain decays as 2/t
e


. In a normal oil, both G and 

1
  are small, but in 

oil paints, 
1

  is considerable, while G remains small. If 
1

  is small and G large, we have the 

description of a gel. 

(ii) The Rivlin-Ericksen Model  

 This is the most general model put forward so far from purely phenomenological 

consideration. 

s
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 Let visco-elastic isotropic material undergo deformation and let the components in the 

system of velocity, acceleration, second acceleration,......., nth acceleration at the instant be 

defined by           tv,......tv,v,tv n

i

2

i

1

ii respectively. 

 It 
Dt

D
 denotes the material time derivative, then, 

     tv
Dt

D
tv i

1

i

        (6) 

 
  

    
  
 tx

tv
v

t

tv
tv

m

it

m
i1

i













     (7) 

where,    1n......,2,1,0   

and  
 

Dt

tDx
tv i

i         (8) 

 where, a generic particle ix  in the rectangular cartesian frame x at some reference time t 

= 0 has co-ordinate  tx i
 at a generic time t. 

 Rivlin and Ericksen (1955) assumed that the stress components  ij at a point ix  at time t 

are single valued functions of gradients in the system x of velocity, acceleration, ......, nth 

acceleration at the point xi at time t, so that, 

 
    n

q,p

1

q,pq,pijij v.....vvf     

 where, p denotes differentiation with respect to px that is  tx p . 

 As observed by Nolls (1958), for a liquid, the only reference configuration is at the 

instant of measurement of the stress. Thus ii xX  . 

 In order to apply the mathematical model to high polymer solutions, it was assumed that 

stress components can be expressed as continuous functions of  tx q,p , the deformation gradient 

referred to the configuration at the instant of measurement and as ordinary continuous functions 

of the gradients of velocity, acceleration, ........., nth acceleration at the instant of measurement. 

Thus  
     


















t

v.......v,v,tx
F

n

q,p

1

q,pq,p

T

q,p

ijij      

where, 
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q

p

t

T

q.p
x

tx
x







that is to say over the range ,Tt   

  t   

all the terms being ordinary differentials. 

 Hence, the constitutive equation of an isotropic high polymer, that is to say a Rivlin-

Ericksen fluid is, 

 
2

321ij dbdpI      (9) 

where, 
i,jijijijijijij

vvd,bb,d,I,    (10) 

 ,jvv2aab m

i,mi.jijij
  

and 
j

j,i
i

i vv
t

v
a 




  

and 
1 is the coefficient of viscosity, 

 2 is the coefficient of visco-elasticity, 

 3 is the coefficient of cross viscosity. 

 These three being in general functions of temperature, material properties and invariants 

of 
2d,b,d . 

 ij is the stress tensor, 

 ijd is the deformation rate tensor, 

 ijb is the visco-elastic tensor, 

 ia is the acceleration vector, 

 ij is the Kronecker delta and 

 iv is the velocity vector. 

(iii) The Oldroyd Model  

 Oldroyd (1953), considering the problem in a general perspective, proposed the 

consitutive equation: 

 









ik2ik0ik1ik e
Dt

D
e2p

Dt

D
p    (11) 
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where, ,ewew
x

e
ve

t
e

Dt

D
ijjkjkij

j

ik
jikik 








    (12) 

 ,pwpwp
x

vp
t

p
Dt

D
ijjkjkijij

j

jikik










    (13) 

 ,ppp
ikikik
 the stress tensor, 

 where, 
ik  is the Kronecker delta, 

  
k,ii,kik vv

2

1
w         (14) 

  
k,ii,kik vv

2

1
e         (15) 

and 0  is coefficient of viscosity. 

 These give rise to non-linear equations, the simplest generalized form of which is, 

  
ikjkij1ijjkjkij1jkij0ik1ik

epepepepp
Dt

D
p     

 








 ikjkjk2jkij2ik2ik0 eevee2e
Dr

D
e2   (16) 

 Where,  
21210

and,,,  are scalar physical quantities, having dimensions of time. 

He emphasized that the above equations with proper choice of constants can explain the behavior 

of many real fluids including bio-fluids. 
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Abstract: 

 Non-hydraulic Magnesium oxysulfate cement provides numerous advantages over 

Portland cement, including faster setting, higher fire resistance, lower thermal conductivity, and 

better abrasion and chemical resistance. It does not require any type of energy, such as heat or 

light, for its preparation. Magnesium oxysulfate cement draws much research attention because 

of its energy-saving and environment-friendly properties. Despite its numerous benefits, its 

commercial application is limited due to its low early strength and poor water resistance. The 

modern world is fast growing world and the wood industry is a fast growing industry. Many 

everyday materials are made of wood or wood products. A lot of waste is produced during the 

cutting and manufacturing of wood materials. A parametric study was conducted to investigate 

the effect of wood dust on the bonding properties of Magnesium oxysulfate. There are two main 

objectives of this study: first is to use Magnesium oxysulfate as a pocket-friendly and eco-

friendly cementing material in place of other non eco-friendly, costly cementing materials; and 

second is to use waste material from the wood industry (wood dust) as an additive to enhance the 

bonding properties of Magnesium oxysulfate.  

Keywords: Magnesium oxysulfate, wood dust, setting times, compressive strength, moisture 

ingress, weathering effects, linear changes, etc. 

 

Introduction: 

 Chemical binders are compounds that can be used to bind, adhere, or fasten substances 

directly or indirectly. Their cementing action is caused by polymerization tendencies or 

interlocking crystal habits. In 1867, a French engineer named Stanislas Sorel invented magnesia 

cement for the first time. Mainly there are two types of Magnesia cement: first is Magnesium 

oxychloride and second is Magnesium oxysulfate. 
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 Magnesium oxysulfate is non-hydraulic, air-hardening cement that has a number of 

advantages over standard Portland cement, including light weight, low thermal conductivity and 

fire resistance (Newman, 1964; Beaudoin and Ramachandran, 1977; Matkovic et al., 1977; 

Chandrawat and Yadav, 2000; Bensted and Barnes, 2002). Magnesium oxysulfate cement is used 

in the commercial manufacture of aesthetic materials, light-weight thermal insulating materials, 

and fire-resistant materials (Newman, 1964; Gomes and Camarini, 2014; Qin et al., 2018). When 

compared to Magnesium oxychloride cement, Magnesium oxysulfate cement is less harmful to 

steel reinforcing and has better weather resistance (Walling and Provis, 2016). 

 Magnesium oxysulfate cement has attracted much research interest due to its energy-

saving and environmental benefits. The manufacturing of lightly burnt Magnesium oxide used in 

Magnesia cement necessitates a much lower calcination temperature than Portland cement, 

resulting in a significant reduction in energy usage (Li et al., 2010; Schollbach and Pollmann, 

2011). 

 Magnesium oxysulfate cements are formed by the exothermic reaction between lightly 

calcined Magnesium oxide and Magnesium sulfate solution. Therefore, dolomite is used as an 

inert filler to reduce thermal shocks in the cement.  

MgO + MgSO4.7H2O                                  MOS + Heat 

                                                      (Deformation and expansion) 

 

MOS + Heat      Inert filler             MOS    +   Inert filler* 

                                                                 (Intact structure) 

(MOS = Magnesium oxysulfate cement) 

 

 According to temperature ranges and preparation conditions following types of 

Magnesium oxysulfates are known. They are 5Mg(OH)2.MgSO4.3H2O, 

3Mg(OH)2.MgSO4.8H2O, 5Mg(OH)2.MgSO4.8H2O, Mg(OH)2.MgSO4.5H2O,  

Mg(OH)2.MgSO4.3H2O. In all the compositions 5Mg(OH)2.MgSO4.8H2O [5.1.8] and 

3Mg(OH)2.MgSO4.8H2O [3.1.8]compositions of oxysulfate of Magnesium are commonly found. 

Formation process of [3.1.8] and [5.1.8] composition are as follows:- 

 MgO+H2O                         Mg(OH)2        

 3Mg(OH)2+MgSO4.7H2O                      3Mg(OH)2.MgSO4.8H2O 

                                                                              (3.1.8 form) 

 5Mg(OH)2+MgSO4.7H2O                      5Mg(OH)2.MgSO4.8H2O 

                                                                                               (5.1.8 form) 

H2O 

H2O 
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 Magnesia cement offers a number of useful engineering and mechanical features, but its 

commercial use is limited due to its low water resistance, which results in a considerable 

reduction in the hardened paste's strength in water (Chuanmei and Dehua, 1995; Chau et al., 

2009; Chandrawat et al., 2011; Sglavo et al., 2011). Poor water resistance is a drawback of 

Magnesium oxysulfate cement, which results in significant moisture absorption and structural 

deformability. One of the most effective strategies for improving the performance of cementing 

materials is to include additives.  

 Wood dust is finely pulverized wood that has consistency fairly equal to sand or sawdust. 

All high quality wood dust is made from hardwoods because of its durability and strength. Very 

low grade wood dust is occasionally made from sapless soft woods such as pine or fir. Its main 

components are cellulose, hemicelluloses and lignin. In the present research work wood dust of 

Tectona grandis is used as an additive. A comprehensive investigation was conducted to study 

the effect of wood dust on the bonding characteristics of Magnesium oxysulfate cement. 

 

Materials and Method: 

 The raw materials used in the study were lightly calcined Magnesia, technical grade 

Magnesium sulfate heptahydrate, dolomite powder, and wood dust. Commercial grade Magnesia 

was used with the chemical composition shown in Table 1. The Magnesium sulfate 

(MgSO4.7H2O) used was an Indian Standard (IS: 2730-1977) technical grade with the following 

characteristics: colourless, crystalline, hygroscopic crystals; highly soluble in water. Its chemical 

composition is listed in Table 2. Waste material from dolomite mines (dolomite dust produced 

during cutting and shaping, etc.) was used as inert filler. The chemical composition of dolomite 

is shown in Table 3. Wood dust (waste ) from wood industry was used in small amounts as an 

additive in the reaction mixture. 

 

Table 1: Chemical composition of Magnesium oxide (in mass percentage) 

MgO SiO2 CaO Fe2O3 Al2O3 Loss on Ignition 

82.68%, 8.38%, 2.97% 0.15% 0.94%, 4.25%. 
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Table 2: Chemical composition of Magnesium sulfate (in mass percentage) 

MgO CaO Al2O3 Fe2O3 
Acid 

insoluble 
moisture 

96.79%, 1.43%, 0.08%, 0.03%, 0.14%, 0.97% 

 

Table 3: Chemical analysis of Dolomite (in mass percentage) 

SiO2 CaO MgO Fe2O3 Al2O3 LOI CaCO3 MgCO3 Brightness Whiteness 

5.07% 29.41% 19.45% 0.84% 0.24% 44.51% 52.49% 40.97% 94.00% 94.32% 

 

Pre experimental planning 

1. Dry-mix preparation: Dry-mixes were made by mixing equal amounts of lightly calcined 

Magnesium oxide and dolomite (in 1:1 weight ratio) with varying amounts of wood dust 

(0%, 5%, 10%, 15%  & 20%). 

2. Gauging solution preparation: To prepare gauging solution, technical grade Magnesium 

sulfate was dissolved in lukewarm water to make a saturated solution. Insoluble 

impurities settled down at the bottom of the container when this solution was let stand 

overnight. The supernatant saturated solution is filtered with help of vacuum pump. This 

solution is known as gauging solution for oxysulfate cement.  With the use of a Baume 

hydrometer, the concentration of the gauging solution is determined in degrees on the 

Baume scale. The higher the degree on Baume scale, the higher will be density and 

concentration of the gauging solution.  

3.  Wet-mix preparation: Gauging solution was added to the dry-mix (with different 

percentages of wood dust) to make a workable wet-mix of standard consistency. 

 

Experiments 

All of the experiments were carried out on the best Magnesium oxysulfate cement 

composition (MgO: Dolomite is in a 1:1 proportion, and the density of the gauging 

solution is 25
0
Be) under the same temperature (30

0
C) and humidity conditions (above 90 

percent). The effects of wood dust on Magnesium oxysulfate cement were investigated in 

the following experiments. 

 Setting (Hardening) time investigation: The effect of wood dust on setting 

characteristics of Magnesium oxysulfate cement was studied by admixing wood dust in 

the dry-mix in varying proportion. The amount of wood dust was calculated by weight of 
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Magnesia. Wet-mixes were prepared by gauging 1:1 dry mixes (by weight of Magnesia 

and Dolomite) having different quantities of additive (5%, 10%, 15% & 20%) with 

Magnesium sulfate solution of 25
o
 Be. Standard procedures were adopted according to 

Indian Standard specification to determine standard consistency, Initial and final setting 

times using Vicat needle apparatus. Results are summarized in Table 4. 

 Weathering effect investigation:  Standard blocks prepared for setting time 

investigation were used to determine the effect of weather. Variation in weights of blocks 

was measured with passage of time after 24 hrs, 7days, 30 days and 45 days using 

chemical balance. Experimental findings are recorded in Table 5. 

 Moisture ingress investigation: The effect of wood dust on soundness of the product 

was studied by performing steam test. For this all setting time blocks with different 

amounts of wood dust were first cured for sixty days under identical condition and then 

were exposed to boiling water for at least 30 hours in a closed steam bath. Their relative 

moisture efficacies were studied as a function of time. Moisture ingress and soundness 

are inversely proportional. Results are shown in Table 6. 

 Compressive strength investigation: To study the effect of wood dust on compressive 

strength of Magnesium oxysulfate standard 50cm
2
 cubes were prepared from the standard 

consistency pastes having wood dust in different amounts. These cubes were tested after 

thirty days of curing under identical conditions with the help of compressive strength 

testing machine as per standard procedure. Results are recorded in Table 7. 

 Linear Change investigation: Standard size blocks (200mmX25mmX25mm) were 

prepared by wet-mixes having varying quantities of additive in order to study the effect 

of wood dust on linear changes of Magnesium oxysulfate. Trial beams were measured 

after 24 hours using micrometer scale (Vernier callipers). After thirty days of curing, 

under identical conditions, final lengths of the beams were determined. The difference of 

the two readings shows the linear change (expansion/contraction). If the difference is 

less, more will be the soundness of the product. Results are summarized in Table 8. 

 

Results: 

 Results of wood dust on bonding properties of Magnesium oxysulfate cement are 

summarizes in Table 4-8. 
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Table 4: Effect of wood dust on setting time investigation of Magnesium oxysulfate cement 

Sr. No. % of wood dust in 

Dry-mix composition 

Setting Time 

Initial (min) Final (min) 

1. 0% 72 212 

2. 5% 65 265 

3. 10% 62 259 

4. 15% 60 255 

5. 20% 58 253 

 

Table 5: Effect of wood dust on weathering effect investigation of Magnesium oxysulfate 

cement 

Sr. No. 
% of wood dust in 

Dry-mix composition 

Weight of Blocks in gm After 

24 hrs 7 days 30 days 45 days 

1. 0% 258.07 254.41 252.89 252.09 

2. 5% 258.59 252.55 249.26 248.66 

3. 10% 244.39 239.21 233.62 233.15 

4. 15% 241.57 234.82 228.89 228.46 

5. 20% 231.51 224.02 216.96 216.77 

 

Table 6: Effect of wood dust on Moisture Ingress investigation of Magnesium oxysulfate 

cement 

Sr. 

No 

% of wood dust in 

Dry-mix 

composition 

Trial Blocks Kept In Boiling Water For 

0-5 

hrs 

5-10 

hrs 

10-15 

hrs 

15-20 

hrs 

20-25 

hrs 

25-30 

hrs 

1. 0% N.E. N.E. N.E. N.E. N.E. N.E. 

2. 5% N.E. N.E. N.E. N.E. N.E. N.E. 

3. 10% N.E. N.E. N.E. N.E. N.E. N.E. 

4. 15% N.E. N.E. N.E. N.E. N.E. N.E. 

5. 20% N.E. N.E. N.E. N.E. N.E. N.E. 

N.E.: No Effect 
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Table 7: Effect of wood dust on compressive strength of Magnesium oxysulfate cement 

Sr. 

No 

% of wood dust in 

Dry-mix composition 

Compressive  

Strength (kg/cm
2
) 

1. 0% 262.430 

2. 5% 310.412 

3. 10% 306.571 

4. 15% 298.513 

5. 20% 272.531 

 

Table 8: Effect of wood dust on linear change investigation of Magnesium oxysulfate 

cement 

Sr. No. 
% of wood dust in 

Dry-mix composition 

Length of  

Beams (mm) 
Change in  

Length (mm) 
Initial Final 

1. 0% 200.00 199.980 0.020 

2. 5% 200.00 199.936 0.064 

3. 10% 200.00 199.904 0.096 

4. 15% 200.00 199.874 0.126 

5. 20% 200.00 199.844 0.156 

 

Discussion: 

 Table 4 incorporates the setting time data of various compositions of Magnesium 

oxysulfate cement. Addition of wood dust in the matrix results in decrease in initial setting time 

due to the absorbing nature of the additive therefore hydrolysis takes place immediately during 

initial setting which accelerates the setting process. 

 Final setting time increases first with the initial addition of the additive (5%). This 

increase in final setting period may be due to the reduced concentration of MgO (main 

component of Magnesia cement) (eq. iii and iv). As the concentration of the additive increases 

(10% to 20%) chances of formation of interlinking crystals between Magnesia and Wood flour 

also increases hence final setting time decreases (eq. v). 

            Data regarding weathering effect investigations of Magnesium oxysulfate cement by 

incorporating Wood dust in the matrix are recorded in Table 5. Free moisture present in the 

matrix evaporates gradually causing decrease in weights. 
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 Table 6 represents the water resistance results. Formation of interlinking crystals 

improves water tightness of the product and makes the product sound. Due to the absorbing 

nature of the additive absorption and desorption takes place which do not affect the soundness of 

the product.  

 Table 7 enumerates the results of compressive strength tests. Compressive strength of the 

product is increased initially by the addition of the additive (5%). Interlinking crystals are 

formed between OH group of the additive and Magnesium oxysulfate cement which provide 

strength to the compound (eq. v). Later on increasing the quantities of the additive (10% to 

20%), the chances of formation of strength giving composition (5.1.8) reduced as with increasing 

amounts of the additive concentration of MgO decreases, hence compressive strength decreases. 

 Results of linear change investigations are recorded in Table 8. Due to absorbing nature 

of the additive the product swells and hence volume changes (after drying the product) are 

expected beyond the experimental limits. 

            The following probable chemical changes can explain the above discussion.  

CaO+H2O  Ca(OH)2 ....................................... (i)  

MgO + H2O   Mg(OH)2 ..................................... (ii) 

3Mg(OH)2 + MgSO4 + 8H2O   3Mg(OH)2.MgSO4.8H2O ........... (iii)  

  (3.1.8 form) 

  Magnesium oxysulfate cement 

5Mg(OH)2 + MgSO4 + 8H2O   5Mg(OH)2MgSO4.8H2O ............ (iv) 

  (5.1.8 form) 

  Magnesium oxysulfate cement  

  (Strength giving composition) 

MOS + Wood Flour   OH groups of Wood dust 

    | 

  MOS ............................................ (v) 

    | 

  OH groups of Wood dust 

 

Cross interlacing between Magnesium oxysulfate and wood dust  

 

Conclusions: 

 A decreasing trend in the initial setting period and increased final setting periods are 

observed after admixing wood dust in Magnesium oxysulfate cement. 
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 Resistance to moisture ingress is increased by wood dust. 

 The mechanical strength of Magnesium oxysulfate cement is improved by wood dust. 

 Contraction in the length of the beams was also observed due to the absorbing nature of 

the product. 
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Introduction:  

Recently, mixed-metal oxides have gained an important role in the development in 

various fields. Their physical properties such as magnetic permeability, high electrical resistivity 

make them useful for application in magnetic and electric devices [1-5]. Apart from their 

technological importance as magnetic materials, ferrites have also well-established catalytic 

properties as well as gas sensing properties [6-7]. All these properties mainly depend upon their 

chemical composition and microstructure of the materials. Generally, mixed-metal oxides are 

prepared by high temperature solid state reaction. On the other hand, like for gas sensing and 

catalytic activity, lower density and high surface area materials are preferred. In recent years‟ 

different methods have been developed in this area [8]. Study of these materials helps to 

correlate the chemical and physical properties of solids and thus in solving a variety of problems 

of practical and technological importance. It also offers to synthesize nanomaterials having 

improved characteristics. 

 Oxidicspinels with general formula AB2O4 have been studied by many researchers. This 

class of materials indicates aluminates, ferrites, chromites, manganetites, gallets, garnets, 

galloferrites etc. These types of materials have interesting structural, electrical and magnetic 

properties. These properties are mainly depending upon the cations, methods of preparation and 

sintering temperature. Their substitution over tetrahedral and octahedral sites is also remarkable.   

 The present trend in material science is the studies on materials in the nanometer size. 

The main emphasis is on the synthesis, characterization, study of the differences in the properties 

with respect to the corresponding bulk counter parts and on the application of nanomaterials for 

the benefit of human kind [9-11]. It is referred that „small is beautiful‟ due the beautiful color, 

shape and properties of nanosized materials [12-13]. Nanoscience has become the focus of 

modern material science because of the potential technological importance, which stems from 

mailto:umesh.sankpal@resgjcrtn.com
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the unique physical properties of nanomaterials [10, 14 and 15]. Fundamentally, the nanoscience 

and nanotechnology is also a part of materials science. The nanosized materials are distinguished 

from bulk polycrystalline materials by the size of the crystallite that composes it. When the 

dimension of a particle is reached below 100 nm, it is called a nanoparticle. A nanocrystalline 

material might be a ceramic, metallic, oxide, semiconducting material or an alloy. In the case of 

magnetic materials, the nanoparticles show highest coercivity and superparamagnetic behavior 

below a particular critical particle size. Nanoparticles have higher surface to volume ratio, 

hardness and strength as compared to that of the bulk. The interesting and sometimes unexpected 

properties of nanoparticles are partly due to the dominating the properties of the surface in lieu of 

the bulk properties. The percentage of atoms at the surface of a material becomes significant as 

the size of the material approaches the nanoscale. The nanomaterials can be shaped as 

nanospheres, nanorods, nanocups, nanowires, nanotubes, nanoribbons, nanoplates, nanocubes 

and many more by specialized synthesis procedures. Depending on the enhanced properties of 

the nanomaterials compared to the bulk, several high quality applications have been predicted 

[16-20]. Some of the established, applied and some predicted applications of nanoparticles are: 

information storage [21], refrigeration [22-23], sensors [16,24-25], targeted drug delivery [26-

27], catalysis [28], nanophotonicsand optoelectronics [29-30], etc. Nanoparticles of magnetic 

metals are also finding applications as catalysts, nucleators for the growth of high-aspect-ratio 

nanomaterials and toxic waste remediation. The magnetic nanopartciles are of great 

technological importance because of their use in magnetic fluids, information storage devices 

and medical diagnosis [31]. The area of research regarding magnetic nanoparticles continues to 

be a fascinating system both from fundamental as well as research point of view [32]. It is well 

known that the properties of the materials change drastically below a critical size [33] and study 

of size of the material is essential for creative use of nanoparticles in many devices.  

 

Spinel: 

 The term spinel is named after the natural mineral, MgAl2O4. It has a general chemical 

formula of A
II
B2

III
O4, where A is a divalent cation (M

2+
) and B is a trivalent cation (M

3+
) [34]. 

There are three categories of spinel phases are normal, inverse and random spinels. In spinel 

structure AxB1-x [A1-x B1+x] O4, when x = 1, then all divalent ions occupy the tetrahedral or the 

A-sites and the spinel is called as normal spinel. The examples of normal spinel are ZnFe2O4 and 

CdFe2O4, in which the Zn
2+

 and Cd
2+

 ions are situated on the A-sites and all the Fe
3+

 are situated 

in the B-sites. When x = 0, the spinel is called as inverse spinel, e.g.CoFe2O4 and NiFe2O4. In 

this case the divalent Co and Ni are present on the octahedral sites. However, the value of x can 
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lie between 0 and 1 also. In this case the spinel is called as random spinel, such as CuFe2O4, 

MgFeCrO4 and MgFe2O4. In random spinel ferrite, all divalent ions and trivalent Fe
3+

 ions are 

randomly distributed over tetrahedral (A) sites and octahedral [B] sites. The cation distribution is 

sensitive to the method of synthesis and heat treatments. The magnetic, structural and optical 

properties of spinel ferrites are mainly dependent on the cation distribution and the 

microstructure of the final sintered products. Groenouet al. have reviewed the effect of 

microstructure control with emphasis on the sintering process of spinel ferrites [35]. The lattice 

characteristics of a spinel include a FCC site for the oxygen atoms and two cationic sites 

occupying the tetrahedral and octahedral interstices [36]. 

The general structure formula of the spinel can be written as  

A (x) B (1- x) [A (1- x) B (1+ x)] O4 

where (x) varies from 0.0 to 1.0 and the square bracket indicates the B-site cations. Normal, 

inverse and random spinelshave been discussed earlier. Spinelsare also classified on the basis of 

the valency of cations present in the lattice such as 2-3, 2-4 spinel etc. In some cases, the divalent 

ion may be replaced by monovalent + trivalent ions, while still retaining the spinel structure, e.g. 

Li
+

0.5Fe
3+

2.5O4, Li
+

0.5Mn
3+

2.5O4 and Ni
2+

Fe
3+

1.5Zn
2+

0.25Ti
4+

0.25O4. The represented compounds 

show the general AB2O4 structure. The cation distribution over the two different sites is 

dependent on the method of synthesis and is variable with temperature. By changing the existing 

cation distribution one can change the interesting magnetic (e.g. change in Curie temperature) 

and electrical (e.g. change in resistivity) properties of spinel ferrites and can be used for some 

new applications. There are several factors which determine the cation distribution. These are i) 

ionic radius, ii) electronic configuration, iii) electrostatic energy (Madelung energy), iv) elastic 

energy, v) polarization effect, vi) covalent bonding effect and the most important vii) crystal 

field stabilization energy. 

 The unit cell of spinel contains 8 formula units or each octant contain 1formula unit and 

may thus be written as M8Fe16O32. The oxygen anions form an ideal face-centered cubic (fcc) 

lattice (Fig. 1). Within this lattice two types of interstitial positions occur viz. tetrahedral and 

octahedral, which are depicted pictorially in Fig. 2. There are 64 tetrahedral sites and 32 

octahedral sites available, and, out of these 8 tetrahedral and 16 octahedral sites are occupied by 

cations. Each cation in the tetrahedral position has 4 neighboring oxygen ions and is often called 

an A site, while each cation in the octahedral position has 6 neighboring oxygen ions and is 

called a B site, in the general formula AB2O4. The oxygen (O) ions have a four-fold 

coordination, formed by three B cations and one Acation. The spinel ferrite space group is 
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Oh7(Fd3m) [37-38] and the space group number is 227. The oxygen ions in the ferrite structure 

are not generally located at the exact position of theFCCsublattice. Their detailed positions are 

determined by a parameter, u, called the oxygen parameter. ureflects the adjustments of the 

structure to accommodate difference in the radius ratio of the cations in the tetrahedral and 

octahedral sites [39-40]. Packing of the ions within the lattice is perfect when u = 3/8. 

 

Figure 1: The Spinel structure 

 

 

Figure 2: Corner sharing of A and B-site metal ions and oxygenions 
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Electrical properties:  

Ferrites have vast applications from microwave to radio frequencies. They exhibit 

relatively high resistivity at carrier frequency, sufficiently low losses for microwave applications 

and wide range of other electric and dielectric properties. The electrical properties of ferrites are 

influenced by distribution of cations in the sites, type and amount of dopant, amount of Fe
2+

 

present, sintering conditions, grain size etc. Due to the high electrical resistivity (low 

conductivity) of ferrites, they are used in microwave applications. The order of magnitude of 

conductivity greatly influences the dielectric and magnetic behaviour of ferrites. This has 

aroused considerable interest in the electrical conductivity, frequency and temperature 

dependence of dielectric behavior of ferrite. Mostly, spinel ferrites are found to have resistivity 

of the order of 10
6
 ohm.cm. like semiconductors. The conductivity is due to the presence of Fe

3+
 

and Me
2+

 (Me = Ni, Co, Mg, Mn, etc.) ions. The presence of Fe
3+

 results in „n‟ type behavior and 

of Me
2+

 in „p‟ type behavior. The conductivity arises due to the mobility of the extra electron 

from Fe
3+

 or the positive hole (Me
2+

) through the crystal lattice. The movement is described by 

the hopping mechanism, in which the charge carriers jump from one ionic site to the next. 

According to Verweyet. al. [41], the conductivity of high resistivity oxides can be increased by 

the addition of small amount of impurities to the structure. The substitution of cations of the low 

valence state gives rise to „p‟ type of conduction while the substitution of cations of high valence 

state to „n‟ type of conduction [42]. The presence of Fe
2+

 ions is sometimes desirable [43] as it 

reduces magnetostriction effect and resistivity. Most of the spinel ferrites are semiconductors and 

their resistivity decreases with increase in temperature according to the Arrhenius relation. The 

activation energy (ΔE) is the energy needed to release the electron from the ion from a jump to 

the neighboring ion. The conduction mechanism can be explained on the basis of hopping 

mechanism as given below.  

Me
2+

 + Fe
3+

  ↔ Me
3+

 +Fe
2+

+ ΔE 

where, Me represents divalent metal ions like Cu, Mg, Co, Ni, etc. and ΔE is activation 

energy required to transfer the electrons from Me
2+

 to Me
3+ 

and vice versa. The conduction in 

ferrite can also be explained on the basis of hopping of polaron. The combination of electron and 

polarization field is called as polaron [44-45]. 

Dielectric studies: 

 Dielectric properties of ferrites depend upon the several factors including the method of 

preparation, chemical composition, grain structure and grain size of the particle. When the 

ferrospinelsare sintered under slightly reducing condition, the valence stage changes the 
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individual cation formation in the sample leading to high conductivity and when such material is 

cooled in oxygen atmosphere, it is possible to form films of high resistivity over the constituent 

grains. Such a ferrite in which the individual grains are separated by either air gaps or low 

conductivity layer behaves as inhomogeneous dielectric material. This has arised considerable 

interest in low frequency (in the range of 10
2
 Hz to 10

5
 Hz) dielectric behavior of ferrites. 

Among many workers involved in this type of studies the prominent one are Koops [46], 

Moltgen [47], Kmiyoshi [48], Iwauchi [49-50], et. al. Rezlescu [51-52],Brockmon, [53-54], 

Avramenko [55] andJosyula [56] etc. 

 Recently, the polarization studies were further extended to understand and interpret the 

earlier theories in a microscopic manner relevant to different materials. These theories were also 

extended to interpret the low frequency dielectric properties of ceramic materials that include 

ferrites. Jonscher [57] interpreted the possible mechanism in this class of material, when the 

electric field is applied to the dielectric materials; there is tendency for positive and negative 

charge within the material to displace relative to one another. Hence the system acquires an 

electric dipole moment. The dipole moment per unit volume is called as polarization (P). The 

total polarization of dielectric can be represented as,   

P = Pe + Pi + Po + Ps 

where,  Pe = electric polarization   

   Pi = Ionic polarization 

   Po = Orientational polarization 

   Ps = Interfacial or space change polarization 

In electronic polarization, the center of gravity of electron is shifted relative to nucleus in an 

electric field. In ionic polarization, there is displacement of positive and negative ions relative to 

one another. In orientation polarization, electric dipoles are oriented by the application of an 

external field. The space charge also tends to have its own polarization in the case of ferrites.  

 The polycrystalline ferrospinels have high dielectric constant of the order of a few 

thousands at low frequencies following to a very low value of only 10 – 20 at microwave 

frequencies. The a.c. resistivity decreases with increasing temperature like d.c. resistivity, where 

as dielectric constant increases with increase in temperature. Similar process of conduction 

mechanism in dielectric polarization is like conduction process [58]. This is given as 

Koopsphenomological theory of dispersion.     

Magnetism in ferrites: 

Magnetization in ferrites occurs from the uncompensated antiferromagnetism, so the 

magnitude of magnetization depends on composition, cation distribution and the relative strength 
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of the possible interactions. Since cation-cation distances are large in ferrites due to their crystal 

structure, direct exchange interactions are negligible. The major interaction that occurs in ferrites 

is the superexchange interaction between octahedral and tetrahedral cations or A-O-B 

interactions [59-60]. The next acceptable interaction is B-O-B superexchange. However, A-O-A 

interaction is not coming into picture, as it is very weak [40]. The magnetism in the ferrospinels 

has been explained by Neel et. al. [61] and the strength of exchange interactions control the 

saturation magnetization and the Curie temperature of the ferrites and this exchange interaction 

is controlled by cation distribution over tetrahedral and octahedral sites. The magnetic exchange 

forces between the metal ions in the ferrites are mediated via oxygen ions by an exchange 

mechanism best known as the superexchangeinteraction. Hence, the interaction between the 

neighboring atoms is indirect and takes place through non-magnetic ions. It has been established 

that the interaction energies are negative and hence induces antiparallel orientation, which give 

lowest energy. An angle of 180° gives rise to the greatest exchange energy and energy decreases 

very rapidly with increasing distance between the ions (Fig. 3). 

 

Figure 3: Different types of interactions for different types of lattice sites in ferrite 

 

According to the Neel‟s theory the value of magnetic moment at B site (MB) is greater 

than that of magnetic moment at A site (MA) so that, the resultant magnetic moment is written as, 

MS = |MB - MA | 

On the basis of their coercive field, ferritesare classified as soft and hard ferrites. If the 

coercive field (Hc) is in the range of 1.5 Oe to 6 Oe, it is termed as hard ferrite while the Hc is in 

the range 10 Oe to 100 Oe called as soft ferrite. 
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Abstract: 

 A new series of metal-free alkylated tetrathienoacene (TTAR)-based organic 

chromophores, TPA-TTAR-TA (R = branched-C8H17, 1, TTAR-b8; R = C15H31, 2, TTAR-15; R 

= C9H19, 3, TTAR-9), are synthesized for application in dye-sensitized solar cells (DSSCs). Due 

to the extensively conjugated TTAR π-bridge, all three dyes exhibit high extinction coefficients 

(1 × 10
5
 M

-1
 cm

-1
). By systematically exploring the effects of the TTAR alkyl chain substituents, 

a significant influence of the dye coverage (orientation) on the TiO2 surfaces is observed. The 

branched-alkyl TTAR-b8 (dye 1) promotes significant tilting and packing distortion on TiO2 in 

comparison to more ordered monolayers of linear long alkyls TTAR-15 (dye 2) and TTAR-9 

(dye 3). Photophysical measurements on the dye-grafted TiO2 films reveal that the branched-

alkylated TTA unit in dye 1 enhances the electron injection efficiency, in agreement with the 

high quantum efficiency. Notably, by utilizing a three-dimentional (3D) photonic crystal (PhC) 

layer to enahnce the coherent scattering an increase the light absorption, TTAR-b8 exhibits 

higher short-circuit current densities and achievs a high PCE of 11.18 %. Thus, TTAR-b8 is the 

highest performing fused-thiophene-based organic DSSC dye reported to date. 

Introduction: 

       Dye-sensitized solar cells (DSSCs) have attracted enormous attention in the past couple 

of decades, due to their ability to efficiently convert solar energy to electricity at a low cost.
1
 The 

improvement in DSSCs performance depends on the properties of the elements used in the 

device, such as the photosensitizer, counter electrode, photoanode, electrolyte, and their 

combination. Undoubtedly, the development of more effective sensitizers is one of the most 

promising ways to obtain further advances in DSSCs.
2-4

 Among the various sensitizers, 

porphyrin sensitizer-based DSSC in combination with cobalt electrolyte and platinum counter 

show a certified PCE value of 13%.
5-7

 However, the tedious synthesis process and low yield of 

porphyrin may limit the large-scale application of this sensitizer. As a result, metal-free organic 

mailto:yamuchemist@gmail.com
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dyes have attracted considerable attention for practical applications due to the following 

characteristics: i) chemical versatility and facile synthesis approaches in terms of molecular 

tailoring; ii) a tunable spectral property, to enable broad and high levels of solar spectral 

absorption in the visible region; and iii) low production cost.
8-11

 However,the performance of 

DSSCs using organic dyes remains behind that of those using metal-incorporated sensitizers, 

because of their lower open-circuit voltage and higher recombination rate.
12-14

 Still, a few recent 

reports have reported impressive efficiencies of 10.65% and 12.5% employing single metal-free 

organic dyes, thus showing good potential for the future development of DSSCs.
15,16

 

       Most of the metal-free organic sensitizers employed in DSSCs consist of an electron 

donor and an acceptor connected by a π -conjugated linker, thus presenting wide possibilities for 

structural modification.
17-20

 In such dye systems, triarylamine and cyanoacrylic acid are widely 

employed as a donor and acceptor units, respectively, and various π-conjugated linkers are used 

to bridge the donor and acceptor units to create a diverse of D-π -A dyes for DSSCs.
21-23

 It is 

well known that the π-spacer plays an important role in tuning the molecular band gap, as well as 

electronic and steric factors strongly affecting device performance. For these reasons we have 

been interested in implementing the unique planar conjugated tetrathienoacene (TTA) framework 

in DSSCs since it exhibits excellent hole/electron mobility in organic thin film transistors 

(OTFTs) due to long range order and favorable reorganization energies.
24,25

 Following its 

successful application in OTFTs and two-photon processing, it was recently investigated as a 

bridge to construct D-π-A organic DSSC dyes, and achieved a device power conversion 

efficiency (PCE) of 10.1% with dye TTAR-15 (Fig. 1).
26

  The linear C15-alkyl chain substituent 

not only prevents dye aggregation but also curtails charge recombination. However, it does not 

efficiently suppress intermolecular π-π interactions when the molecules assemble on the TiO2 

surface.  

      Therefore, to enhance/compare/contrast the TTA unit effectiveness as a charge 

transporting π-linker and to increase the Voc by suppressing close intermolecular π -π 

interactions, we designed and synthesized a new sensitizer functionalized with a branched alkyl 

group (b-C8H17), TTAR-b8 (1). To examine effects on the short-circuit current density (Jsc) at 

higher dye coverage‟s, the TTAR-15 C15 linear alkyl chain was also changed to C9. Therefore, 

the linear alkyl chain (C15H31 and C9H19) substituted dye molecules TTAR-15 (2) and TTAR-9 

(3) (Figure 1) were prepared for this detailed comparatively study. The effects of the branched 

alkyl chains vs. linear chains TTARs on photovoltaic performance and charge recombination 

dynamics in DSSCs are fully investigated. 
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Figure 1: Chemical structures of TTA-based dyes (1-3) 

Optical, electrochemical data, and DFT calculations 

 

Figure 2: UV-vis absorption spectra of dyes 1-3 and their corresponding molar absorption 

coefficients measured in o-C6H4Cl2 in a concentration of 10-5 M. Copyright (JMCA 2017) 

 The UV-vis absorption spectra of three sensitizers in o-C6H4Cl2 solutions (1x 10
-5 

M) are 

shown in Figure 2. 

 

Table 1: Distribution in HOMO and LUMO levels of TTA dyes 

Dye UV-Vis
a
 

max (nm) 

Eg (eV) 

(UV)
b
 

EOx
 c
 

(V) 

Energy level (eV) Energy level (eV) 

EHOMO
d
 ELUMO

e
 EHOMO

f
 ELUMO

f
 

TTAR-b8 485 1.92 0.99 -5.19 -3.27 -5.02 -2.71 

TTAR-15 498 1.91 0.99 -5.19 -3.28 -4.99 -2.71 

TTAR-9 519 1.91 1.00 -5.20 -3.29 -4.99 -2.71 

a
 in o-C6H4Cl2 at 25 °C. 

b
calculated from optical absorption onset. 

c
Eox = oxidative potential, by 

DPV in o-C6H4Cl2 at 25 °C, ferrocene/ferrocenium was used as the internal standard and set at 

+0.6 V (-4.8 eV).
d
EHOMO = -(4.2+ Eox). 

e
Estimated from EHOMO+ΔEg.

f
By DFT calculation. 
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Figure 3: DPV oxidation potential curves of Dye(1– 3) in o-C6H4Cl2 solution 

        

To investigate substitution effects on TTA molecular energy levels, the electrochemical 

properties of these dyes were analyzed by differential pulse voltammetry (DPV) in 1,2-

dichlorobenzene solutions with 0.1 M tetrabutylammonium hexafluorophosphate (TBAPF6) as 

the electrolyte, and a three-electrode configuration consisting of a Pt disk working electrode, an 

auxiliary Pt wire electrode, and a nonaqueous Ag reference electrode. All potentials reported are 

referenced to a Fc
+
/Fc internal standard (at +0.6 V). The DPVs of the oxidation peaks of 1-3 are 

exhibited at 0.99, 0.99 and 1.00 (V), respectively, as shown in Table 1 

 All the dyes adsorbed on the TiO2thin film exhibit red-shifted absorption profiles 

(Figure5) in comparison to that measured in the solution. The red shifted absorption may 

be attributed to the intermolecular interactions on the TiO2 surface, which are likely to 

occur due to the presence of a TiO2 layer. 
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Figure 5: Absorption spectra of the dye-sensitized nanocrystalline TiO2 films 
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 The photovoltaic performances of the DSSCs with these dyes were measured under the 

irradiation of AM 1.5 G (100 mW cm
-2

) simulated solar light, and the results are plotted in 

Figure6. The corresponding parameters are summarized in Table 2. The DSSCs fabricated with 

TTAR-b8 show the best results among the three dyes, with a short-circuit current density(JSC) of 

17.45 mA cm
-2

, an open-circuit voltage (VOC) of 0.81, a fill factor (FF) of 0.72, and a cell 

efficiency () as high as 10.21%, whileTTAR-9 and TTAR-15 provide relatively low valuesof 

7.60% and 9.02%, respectively. The superior performance of the cell based on dye TTAR-b8 

reflects the higher JSC, attributable to the better light absorption characteristics of TTAR-b8. On 

the other hand, this higher JSC of the TTAR-b8-sensitized cell could also be explained by the 

relatively lower aggregation of the dye due to the bulky 3-methyl-5,5-dimethylhexyl 

substituents.  

 

Figure 6: The photocurrent current density–voltage (J-V) characteristics of the DSSCs with 

various dyes, measured under 1 sun illumination 

 

Figure 7: IPCE plots of the DSSCs with various dyes 
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  Figure 7 shows the incident photon–to–electron conversion efficiency (IPCE) 

spectra for the DSSCs fabricated with these three dyes. The IPCE spectra broaden and 

extend to 700 nm, which is consistent with the UV-vis absorption spectra of the dye-

sensitized TiO2 films. The broadening of the IPCE spectra is associated with larger 

photocurrents
29

 which is consistent with the higher observed for the TTAR-series dyes. 

Table 2: Photovoltaic parameters of the DSSCs with various dyes  

Dyes  

(%) 

VOC 

(V) 

JSC 

(mA cm
-2

) 

FF 

TTAR-b8 10.21±0.17 0.81±0.01 17.54±0.05 0.72±0.01 

TTAR-15 9.02±0.06 0.78±0.01 16.86±0.17 0.69±0.01 

TTAR-9 7.60±0.07 0.78±0.01 15.54±0.06 0.62±0.01 

 Values obtained from three cells 

  As light traverses the cells, significant portions of the photon flux are not absorbed 

by the dye molecules, and by capturing the the lost photons, additional cell efficiency can 

be obtained. Therefore, a double-layer three-dimentional (3D) photonic crystal (PhC) 

with hole diameter of 375/410nm was placed behind the count electrode to efficiently 

reflect and diffract the transmitted photons back into the cell for further conversion.
30,31

 

The photovoltaic performance of the TTAR-b8 dye DSSC with with a 3D PhC layer was 

measured under  AM 1.5 G irradiation (100 mW cm
-2

) simulated solar light, and the 

results are plotted in Figure 8. The TTAR-b8-based cell gave a Jsc of 18.79 mA/cm
2
, Voc 

= 0.811V, a fill factor = 73.31%, and η = 11.18%.Performance parameters are 

summarized in Table 3. Thus, these TTAR-b8-based cells deliver the highest 

performance of any fused-thiophene-based DSSC reported to date.  

 

Figure 8: The photocurrent current density–voltage (J-V) characteristics of the DSSCs with 

TTAR-b8 and 3D PC under 1 sun illumination 
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Table 3: Photovoltaic parameters of the DSSCs with TTAR-b8 and 3D PC under 1 

sun illumination  

Compound VOC 

(V) 

JSC 

(mA cm
-2

) 

FF (%) EFF (%) 

TTAR-b8 0.817 

 

17.12 71.96 

 

10.08 

TTAR-b8 with 3D PhC 

 

0.811 18.79 73.31 

 

11.18 

 

 

Figure 9: Nyquist plots of the DSSCs with various dyes, measured under dark 

conditions 

        Electrochemical impedance spectroscopy (EIS) was next performed under dark 

conditions to understand the differences in VOC for the cells sensitized by the present dyes 

(Figure 9). In general, the Nyquist plots show three semicircles, which are assigned to 

electrochemical reactions at the Pt/electrolyte interface, charge transfer at the 

TiO2/dye/electrolyte interface, and Warburg diffusion processes (I
-
/I3

-
) in the electrolyte. 

In the present DSSCs, only two semicircles are observed. It is therefore assumed that in 

these DSSCsthe conventional diffusion resistance of the redox couple overlaps with the 

charge-transfer resistance, because of the relatively short length available for I
-
 diffusion 

with the thin spacer and owing to the low viscosity of the electrolyte solvents. EIS 

analysis of the DSSCs was performed over the frequency range of 10 mHz to 65 kHz 

under dark conditions at an applied bias set at -0.85 V. The radius of the larger semicircle 

and the corresponding extracted Rrec value increase in the order, TTAR-9<TTAR-

15<TTAR-b8, consistent with the observed increase of VOC in these DSSCs based on the 
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TTAR-series dyes. A smaller Rrecvalue is indicative of faster exciton recombination, and 

may result in a comparatively small VOCs.
32,33

 Aggregation of the dyes is reported to 

increase recombination rates and thus reduce the VOC.Upon illumination at 100 mW cm
-2

 

under open-circuitconditions, the radius of the intermediate-frequency semicircle in the 

Nyquist plot (Figure 10a) hence the charge-transport resistance (Rct2) follows the order, 

TTAR-b8<TTAR-15<TTAR-9. Lower values of the charge-transfer resistance should 

favor enhanced electron collection, and thus would play an important role in increasing 

the cell efficiency.  
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Figure 10: (a) Nyquist and (b) Bode plots of the DSSCs with various dyes, measured 

under 1 sun illumination 
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     In addition, the electron lifetimes calculated from Bode plots (Figure 10b)further 

supports the ordering of VOC in these cells. The Bode plots of the EIS spectra show the 

frequency peaks of the charge transfer process at different interfaces for cells with the 

different dyes. The electron lifetime (τe) for recombination in a DSSC is determined by 

the fmax value,
34

 where τe= (2fmax)
-1

 and results are shown in in Table 4. The electron 

lifetimes measured for the dyes TTAR-b8, TTAR-15, and TTAR-9 are 8.69, 7.39, and 

6.74 ms, respectively. The increase in electron lifetime for the TTAR-b8-based cell 

indicates the more effective suppression of the back reaction of the injected electrons with 

the I3
-
 in the electrolyte, by alteration of the sensitizer HOMO, leading to increased 

photocurrent and photovoltage, hence to substantially enhanced . 

Table 4: Electrochemical parameters of the DSSCs with various dyes 

Dyes Rrec(ohm) Rct2(ohm) fmax(Hz) τe (ms) 

TTAR-b8 35.95 14.27 18.31 8.69 

TTAR-15 27.59 14.59 21.54 7.39 

TTAR- 9 27.42 15.72 23.60 6.74 
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Figure 11: The photocurrent density–voltage (J-V) characteristics of the DSSCs using 

TTAR-b8 dye with various CDCA concentrations, measured under 1 sun illumination 
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Table 5: Photovoltaic parameters of the DSSCs using TTAR-b8 dye with various 

CDCA concentrations 

CDCA  

(%) 

VOC 

(V) 

JSC 

(mA cm
-2

) 

FF 

0 M 10.21±0.17 0.81±0.01 17.54±0.05 0.72±0.01 

1x10
-3

 M 9.83±0.12 0.80±0.01 16.97±0.08 0.72±0.00 

10x10
-3

 M 9.37±0.06 0.80±0.01 16.40±0.05 0.71±0.01 

20x10
-3

 M 9.13±0.15 0.81±0.01 15.98±0.04 0.70±0.01 

30x10
-3

 M 8.12±0.15 0.81±0.01 15.39±0.05 0.65±0.01 

 Values obtained from three cells 

 

Figure 12: Nyquist plots of the DSSCs using TTAR-b8 dye with various CDCA 

concentrations, measured under dark conditions 
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Figure 13: (a) Nyquist and (b) Bode plots of the DSSCs using TTAR-b8 dye with 

various CDCA concentrations, measured under 1 sun illumination 

 

 Generally, dye aggregation on the surface of TiO2 reduces the electron lifetime and 

facilitates charge recombination in DSSCs fabricated using metal-organic or organic dyes.
35

 To 

examine the possibility of dye aggregation, DSSCs were fabricated with various amounts of 

chenodeoxycholic acid (CDCA) co-adsorbed on the photoanodes. The effect of CDCA 

concentration on the photovoltaic properties of the DSSCs fabricated with TTAR-b8 was first 

investigated, and the results are shown in Figure 11. The corresponding photovoltaic parameters 

are listed in Tables 5 and 6. Although dye aggregation should be suppressed by CDCA 

incorporation among the dye molecules, this would also decrease the dye coverage on the TiO2. 

Note that of the TTAR-b8-basedDSSCs decreases significantly with CDCAaddition (Table 5). 

The bulky 3-methyl-5,5-dimethylhexane substituent on TTAR-b8 may be sufficient to suppress 

aggregation, and adsorption of the added CDCA may compete with dye adsorption on the TiO2. 

Further evidence is found in the EIS data, and all extracted values are listed in Table 6. Figure 12 

shows the Nyquist plots of TTAR-b8-based DSSCs with various CDCA concentrations, 

measured under dark conditions. The radius of this semicircle follows the same order, which 

indicates that dyes based on different concentrationsof CDCA possess similar charge-

recombination resistances. Upon illumination at 100 mW cm
-2

 under open-circuit conditions, the 

radii of the intermediate-frequency semicircles in the Nyquist plots (Figure 13a) indicate that the 

electron-transport resistance (Rct2) parallels the [CDCA] order 0.0 M＜1 mM＜10 mM＜20 

(b) 



Bhumi Publishing, India 

90 
 

mM＜30 mM. Moreover, the electron lifetimes can be extracted from the angular frequency 

(min) at the mid-frequency peak in the Bode phase plots (Figure 13b). The τe values obtained for 

all cells with or without added CDCA are almost identical.   

Table 6: Electrochemical parameters of the DSSCs using TTAR-b8 dye with various 

CDCA concentrations 

CDCA Rrec 

(ohm) 

Rct2 

(ohm) 

fmax 

(Hz) 

τe 

(ms) 

0 M 35.95 14.27 18.31  8.69  

1x10
-3

 M 34.27 14.94 18.31  8.69  

10x10
-3

 M 31.97 15.12 18.31  8.69  

20x10
-3

 M 34.02 17.48 18.31  8.69  

30x10
-3

 M 34.53 19.38 17.96  8.86  

 

 Three novel organic sensitizers containing the tetrathienoacene moiety for DSSCs. Their 

photophysical, electrochemical and photovoltaic properties were investigated. Introduction of a 

branched 3-methyl-5,5-dimethylhexane group at the TTA unit is favorable in retarding molecular 

aggregation and suppressing charge recombination through distorting the packing order, and thus 

achieves the highest cell efficiency of 10.2%. It is found that addition of CDCA has a negative 

effect on the DSSC photovoltaic performance.By utilizing a three-dimentional photonic crystal 

layer to increase light absorption, TTAR-b8 exhibits higher short-circuit current densities and 

achieves a high PCE of 11.2 %. This renders TTAR-b8 the highest performing fused-thiophene-

based organic DSSC dye reported to date. 
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