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PREFACE 

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

Volume II". 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 II 
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INTRODUCTION TO MOLECULAR THEORY OF  

UNIAXIAL NEMATIC AND SMECTIC-A LIQUID CRYSTAL 

Enakshi Guru  

Department of Physics, 

Sarojini Naidu College for Women, Kolkata, India 

Corresponding author E-mail: enakshiguru@gmail.com 

 

 

Abstract: 

 Nematic and Smectic A are the mesophase of liquid crystal. Both of them have uniaxial 

symmetry. In this chapter a brief description of the structure, symmerty, order parameter and 

molecular potential are discussed. The nature of Phase transition from Smectic to Nematic and 

Nematic to Isotropic phase is also described in brief. 

 

Introduction: 

 Liquid crystals are a special type of organic material that exhibits more than a single 

transition from solid to liquid. They pass one state to other by passing through more one or more 

mesophases. The crystal has three dimensional regular lattice structure and strong molecular 

order. Fluids do not have lattice structure and they do not have positional long range order. 

Liquid crystal has liquid like fluidity and solid like long range orientational order. Liquid crystal 

mesophases can be broadly classified into two types, lyotropic and thermotropic. Here, only 

thermotropic liquid crystal will be considered. Thermotropic liquid crystals are classified into 

three broad classes according to their molecular order, namely, the nematic, the cholesteric and 

the smectic. As nematic and smectic are both uniaxial so the discussion will be limited to 

nematic and smectic only. 

 

Structure 

 Nematic molecules have cylindrical symmetry. Symmetry axis is known as director n̂. 

Nematic molecules (Figure 1) have a tendency to align themselves along the director but due 

to thermal motion of the molecules they are distributed in an angle. In thermal equilibrium the 

nematic phase is uniaxial [1].  The director nˆ and −n̂ are indistinguishable.  The center of 
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gravity of the molecules is completely random and uncorrelated. The phase itself is fluid in 

nature. 

 Smectic phase occur at the temperature below the nematic region. All smectic are of 

layered structure (Figure 1) with a intermolecular spacing (d). These layers have thickness of the 

order of molecule or its double length. Within each layer molecule does not have any long range 

order but the system is uni-axial. Elongated rod like molecules of smectic A try to align parallel 

the director whereas the centre of masses of the molecule lie perpendicular to the plane of the 

director. 

 

Figure 1: Structure of Nematic and smectic A 

 

Order-Parameter 

 In nematic centre of mass of the molecules are randomly distributed in the liquid. So a 

molecule does not have translational order. Nematic has only orientational order [2]. Order 

parameter of nematic is given by 

 

 Where θ is the angle between the director and the axis of nematic molecule. Head and tail 

of the nematic molecules are identical. 

 As the smectic-A liquid crystals possess [3] both orientational and transitional order the 

distribution function is thus a function of both cos θ and z. The molecular distribution function 

can be expanded as Fourier series, 
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The coefficients are given by 

 

 

Orientational order parameter is given by 

 

 

Translational order parameter is 

 

 

And orderparameter related with coupling between orientational and translational order is given 

by 

 

 

 In isotropic phase η, τ and σ are zero. In nematic phase only η is non-zero and in the 

smectic phase all are non-zero. 

Molecular Potential and Distribution Function 

 The stability of the nematic state depends on the interaction between the molecules. 

Interaction between the molecules of the nematic tries to align parallel to the director. We 

express the intermolecular interaction with an effective single molecular potential V. Potential 

should have oriental dependence. V will be minimum when the molecules are parallel to the 

director and maximum when the molecules are perpendicular to the director. We express the 

interaction with single molecule potential (V). 
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 v is the strength of the intermolecular interaction. We ignore the individual behaviour of 

the molecule so the fluctuation in the short range order is neglected. Orientational distribution 

function describes how the nematic molecules are distributed in the possible direction about the 

director. 

 

 

where, β = 1/kT , k is the Boltzmann constant and T is the single molecule partition function is 

given by 

 

 

So the order parameter can be written in terms of distribution function. 

 

 

Equation [13] can be expanded as 

 

 

 Equation [14] is a self consistent equation. For every temperature we can get the value of 

order parameter. For a particular temperature when < P2 >= 0, the system goes to disordered 

isotropic liquid state. At absolute temperature < P2 >= 1 and system reaches to nematic phase. 

The self consistency equation has three solution one is < P2 >= 0, other < P2 >= 1/2 and < 

P2 >= 1. The stable solution will be that for which system has minimum free energy. 

 In case of smectic, potential is distance dependent as well as orientation dependent. 

Simple form of pair interaction potential is suggested by Kobayashi [4] 

 

 

 where r is the distance between centre of mass of molecules and θ is the angle between 

their long axes. U (r) represents the short range central force while W (r) reprents orientational 
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force. This potential is simple because it gives simple angular dependence and higher order terms 

are not needed for calculation. Appling the averaging procedure the single molecular potential is 

given by 

 

 

The specific form of the function were chosen by Mc Millan [5, 6] 

 

 

v and δ give the strength of interaction and r0 gives the range of interaction. 

 

Phase Transition 

 Nematic to isotropic transition is weakly first order. In first order transition, at critical 

temperature TC volume change, internal energy change and entropy changes are discontinuous. 

As we are not taking any distance dependent term in potential so we will only see the latent heat 

change and energy change. The latent heat change or energy change in this type of transition are 

almost equal and value is very small. As the nematic has much less order than solid so the 

entropy change from solid to liquid is much greater than entropy change from nematic to 

isotropic liquid state. In many literature Nematic to isotropic phase transition is described as 

nearly second order because the latent heat changes near transition is very small and it is closely 

approximated as the vanishing change in case of second order transition. Many properties of 

isotropic liquid show critical behaviour during cooling near the transition temperature. 

Magnetically induced birefringes diverge at Tc. This is called pretransitional behavior. 

 At lower temperature smectic to nematic transition occurs. Mc Millan‘s theory suggests 

that order of transition depends on strength of short range parameter. During transition entropy 

changes, orientational order parameter changes and translational order parameter changes are 

observed [7]. There exist tripple points where smectic to nematic, nematic to isotropic and 

smectic to isotropic transition meet. If δ = 0 for long alkyl chain length, both orientational and 

translational order parameter vanishes. The transition is of first order from smectic A to 

isotropic. For long alkyl length and for finite value of δ initially σ (transitional order 
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parameter) vanishes but η remains finite [8]. For higher temperature η becomes zero give rises 

to nematicisotropic transition. 
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ADSORPTION EFFICIENCY PB(II) FROM WASTEWATER USING 

COPOLYMER MATERIAL CCRPHF-I 

Sudhirkumar M. Maskey 

 Yashwantrao Chawhan Arts, Commerce and Science College,  

Lakhandur-441803, India 

Corresponding author E-mail: sudhirraj2011@gmail.com 

 

Abstract:  

 The aim of the present investigation is to synthesize adsorbent i.e.  Chitosan coated 

copolymer (CCRPHF-I) and to study its applicability in environmental pollution control with 

respect to Pb(II) removal efficacy from waste water.  This surface modified copolymer 

CCRPHF-I was characterized using modern techniques like FTIR, SEM and TGA. The Pb(II) 

adsorption was investigated using batch experiment method and effect of pH, contact time, 

adsorbent dosage and initial Pb(II) concentration on Pb(II) removal efficiency. The maximum 

removal of Pb(II) was observed to be 92.37 %. Thus the new chitosan coated copolymer under 

study can be successfully used as an efficient adsorbent material for removal of Pb(II) from 

waste water and can have a variety of potential environmental applications. 

Keywords: Chitosan Coated Copolymer, Batch experiments, Adsorption, Environmental 

application.  

 

Introduction: 

As a result of rapid industrialization, toxic metals and metalloid such as Cd(III), Pb(II), 

Cr(VI), Hg(III) , As(III) and Cu(II)  are released into the environment resulting in damage in 

ecosystems and human health. Unlike organic pollutants, heavy metals are non-biodegradable in 

the environment and can accumulate in living tissues particularly in human bodies causing 

significant physiological disorders such as damage of central nervous system and blood 

composition, production of energy and irreversible damage of vital organs of body. Hence the 

presence of heavy metals in natural or industrial wastewaters is a subject of great interest in 

environmental science which is one of the most serious worldwide environmental problem
.1,2

  

Among the different heavy metals, Pb(II) is one of the common and most toxic pollutants into 

the natural waters from various industrial activities such as metal plating, oil refining and battery 

manufacturing.
3
  Pb(II) ions are taken into body via inhalation, ingestion or skin adsorption. As a 

mailto:sudhirraj2011@gmail.com


Bhumi Publishing, India 

8 
 

result when the body is exposed to Pb(II), it can act as a cumulative poison. Pb(II) accumulates 

mainly in bones, brain, kidney and muscles and may cause many serious disorders like anaemia, 

kidney disease, nervous disorder and sickness even death 
4,5 

This study is an attempt to synthesize and characterize new surface modified copolymer 

with heavy metal adsorbent properties for removal of Pb(II) from contaminated water. In the 

present investigation, copolymer RPHF-I was synthesized by using resorcinol (R), 

Phenylhydrazine (PH) and Formaldehyde (F) in 1:1:2 molar ratios of the reacting monomers, 

followed by its surface modification with chitosan. This new surface modified adsorbent has 

been abbreviated as CCRPHF-I. The purpose of surface modification is to enhance the 

adsorptive efficacy of copolymer with respect to Pb(II) removal.   The Pb(II) adsorption was 

investigated using CCRPHF-I also effect of pH, contact time, adsorbent dosage and initial Pb(II) 

ion concentration was studied using batch experiments. The maximum removal of Pb(II) was 

obtained to be 92.37% using CCRPHF-I. Thus new surface modified copolymer CCRPHF-I can 

be successfully used as an efficient   adsorbent material for removal of trivalent Pb(II) from 

aqueous solution and can have a variety of potential environmental applications. 

 

Materials and Methods: 

All chemicals used were of analytical grade. Resorcinol, Phenylhydrazine, Formaldehyde 

(37%) procured from Merck, India. Double distilled water was used during all experiments.  

Synthesis and Purification of RPHF–I Copolymer 

The copolymer (RPHF-I) was synthesized employing the method published earlier. 
6,7 

The purity of newly synthesized and purified copolymer sample has been tested and confirmed 

by TLC.
8
 

Surface Modification of RPHF-I Copolymer by Doping Chitosan  

5gm of chitosan powder was dissolved in 100 ml of 10% acetic acid, which from whitish 

viscous gel.  It was heated to 40-50C to facilitate the mixing. 50 gm of RPHF-I was slowly 

added to this viscous gel and mechanically agitated using rotary shaker at 150 rpm for 24 hrs. 

The gel coated RPHF-I was then washed with double distilled water and dried. The process was 

repeated for three times until thick coating of chitosan was formed on the RPHF-I surface. The 

excess of acetic acid in Chitosan Coated RPHF-I (CCRPHF-I) was neutralized by treatment with 

0.5% NaOH solution for 3 hrs. The resultant mixture was then filtered with Whatmann No. 41 

filler paper, extensively rinsed with double distilled water, dried in an oven at 55C for 48 hrs 

and stored in air tight container
9
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Characterization of copolymer  

Characterization of surface modified copolymer was carried out by techniques like FTIR, 

NMR, SEM and TGA. The scanning was carried out at Sophisticated Analytical Instrumental 

Facility (SAIF) Punjab University, Chandigarh and SAIF Cochin  

Batch Experiment  

Batch equilibrium studies were conducted with different parameters such as pH, contact 

time, initial ion concentration and effect of adsorbent doses. The systems were agitated on rotary 

shaker at 29 rpm, filtered through Whatmman no.42 filter paper and filtrate was analyzed for 

trivalent Pb(II) concentration using UV-Visible Spectrophotometer. From experimental data, the 

applicability of Langmuir model was judged. Linear regression coefficient (R
2
) and isotherm 

constant values i.e. adsorption efficiency (Qm) and adsorption energy (b) were determined from 

the model.  

 

Results and Discussions: 

The FTIR spectrum of the CCRPHF-I copolymer is shown in Fig.1. A broad band 

appeared in the range 3742.55 cm
-1

 which is attributed to O-H stretching vibration and the 

3391.63 cm
-1

 which is attributed to NH stretching vibration of chitosan molecules
10

 The weak 

band at 2927 cm
-1

 may be due to methylene C-H stretching vibrations.  The band appeared at 

1390.06 cm
-1

 result in stretching vibration of –CH2OH (primary alcohol). 
 

 

Figure 1: FTIR Spectrum of CCRPHF-I 

  Absorption peak at 1632 cm
-1

 correspond to the NH bending. Absorption peak at 1685.64 

cm
-1

 may be due to C = O stretching vibration of amide group. The sharp band at 1474.45cm-1 
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corresponds to a symmetrical deformation of the CH group and at 1547.89 cm-1 corresponds to 

the N-H deformation of amide. The vibration bands at 1084.32 and 120.48 cm-1 are indicative at  

C-O-C vibration inside chitosan ring. The three weak peaks appeared in the region 824, 754.90 

and 698 cm
-1

 attributed to NH wagging of primary amine.
11 

 Fig.2. Represents the SEM image of CCRPHF-I obtained using an accelerating voltage of 

15 KV at x3500 magnification. SEM image of CCRPHF-I that clearly revealed that wide variety 

of globular microspheres are present. Microspheres were formed in the form of large beads with 

irregularity and polydispersity.
12,13 

The sizes of microspheres are found to be 3.01µm, 1.98µm, 

2.52µm and 1.06 µm. The image indicates a transition state of material between the amorphous 

and crystalline. However, more predominantly, the material is amorphous because of surface 

modification of copolymer by chitosan.
14

, 
15 

 

Figure 2: SEM image of CCRPHF-I 

 

The TGA curve of CCRPHF-I has shown in fig.3. it can be seen from figure that three 

consecutive weight loss steps were observed in CCRPHF-I. The first weight loss was about 50 to 

150
0
C.  The derivative peak observed at temperature 67.23

0
C with a weight loss of 3 %which 

may be due to the removal of water molecule (moisture).
16 

The second weight loss was at  about 

250 to 529C.  The derivative peak observed at temperature 350.86
0
C with a weight loss of 13 % 

which may be due to the some volatile matter and scission of the ether linkage in the chitosan 

backbone.
 
In the third stage, the weight loss in the temperature range of 500 to 700

0
C. The 

derivative peak observed at temperature 598.93
0
C with a weight loss of 37 % which may be due 

to the thermal decomposition of glucosamine residue present in chitosan.
17

After 700
0
C, the TGA 

curve is almost flattened due to the nondecomposible.
18
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Figure 3: TGA Curve of CCRPHF-I copolymer 

 

Adsorption of Pb(II) on  CCRPHF-I  

Effect of pH on Pb(II)ion removal 

The influence of pH on the percentage sorption of Pb(II) is shown in fig.4. The 

adsorption capacities of   CCRPHF-I towards were determined using various pH values of the 

solution in the range 1.0 to 10. As the pH increased, there was little increase in the percentage of 

Pb(II)removal and it was maximum at pH 5 for  the adsorbent i.e. CCRPHF-I  with at remove 

93.38 % of Pb(II)ion. 

Effect of contact time on Pb(II)ion removal  

The effect of contact time on percentage of adsorption of Pb(II) ion is shown in fig.5. 

Figure indicate that the percentage of Pb(II)removal efficiency increased with an increase in 

contact time before equilibrium is reached. Thus optimum contact time for CCRPHF-I was found 

to be 120 min. Hence CCRPHF-I have required a shorter contact time.  This is due to the greater 

availability of various microspheres on the surface of CCRPHF-I, which are required for strong 

interaction with metal ions which improved the binding capacity and rapid adsorption process.  

Effect of adsorbent dose on Pb(II)ion removal  

The dependence of Pb(II)adsorption was studied by varying the amount of CCRPHF-I 

from 0.5 to 10 gm/lit. The influence of absorbent dose on the percentage of removal of Pb(II) is 

shown in fig.6. From the figure, it can be observed that the removal efficiency of Pb(II) ion 

increases by increasing the CCRPHF-I dose up to a certain limit and then it remains constant. 

The CCRPHF-I dose increased from 0.5 to 5 gm/lit, with increase rate for removal efficiency of 

Pb(II)from 20.42% to 93.38%. It can also seen from the figure that  further increase of CCRPHF-

I dose(  beyond 5.0 gm/lit) does not affect the percentage of Pb(II)removal. 
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Effect of initial Pb(II) ion concentration 

The percentage adsorption with different Pb(II)concentrations was studied by varying 

Pb(II)ion concentration from 10 to 100 mg/lit. The result is shown in fig.7. From the figure, it is 

clear that the percentage of Pb(II) removal was found to decrease from 98.13% to 63.50% as the 

initial concentration of Pb(II)ion increased from 10 to 100 mg/lit for CCRPHF-I 

  

Figure 4: Effect of pH on Pb(II)ion removal 

 

Figure 5: Effect of Contact time on Pb(II) 

 

  

Figure 6: Effect of Adsorbent dose on Pb(II) 
Figure 7:  Effect of initial concentration of 

Pb(II) 

 

Adsorption Isotherms 

The equilibrium data are well fitted in Langmuir linear plot of Ce/Qe versus 𝐶𝑒  and it 

suggests the applicability of the Langmuir isotherms. The values of adsorption efficiency ‗𝑄𝑚 ‘ 

and adsorption energy ‗b‘ were determined form the slope and intercept of the plots shown in 

Fig.8 . The values of ‗𝑄𝑚 ‘ and ‗b‘ for CCRPHF-I were respectively found to be 15.15 mg/g  and 

0.2727. To confirm the favorability of the adsorption process, the equilibrium parameter that is 

separation factor (𝑅𝐿) for CCRPHF-I is  determine and found to be in fraction in the range of 0 

to 1 indicating that the adsorption process is favorable for this adsorbent for the removal of 

Pb(II).
19 
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Figure 8 : Langmuir isotherm for the adsorption removal by  CCRPHF-I 

 

Conclusion: 

RPHF-I copolymer is successfully synthesized with a good yield . Chitosan coating was 

successful on the surface of RPHF-I to get surface modified copolymer and they are abbreviated 

as CCRPHF-I. Characterization of CCRPHF-I adsorbent has been done employing the 

techniques like FTIR, SEM and TGA. CCRPHF-I was studied for testing of its adsorption 

efficacy towards removal of Pb(II)ion  from contaminated water. Batch equilibration method was 

adopted for these studies. Results of batch experiment studies proved excellent efficiency of the 

newly obtained material for removal of Pb(II) from contaminated waste water. The excellent 

capacity of the CCRPHF-I under present investigation is supported by correlation coefficient 

values 0.990 for Langmuir isotherm.  The values of adsorption efficiency (Qm) and adsorption 

energy (b) calculated from linear Langmuir isotherm is in good agreement for favorable 

adsorption process for the adsorbent - adsorbate pairs under consideration in the present 

investigation. In this way adsorbent under consideration in the present research work is suitable 

for the treatment of water and wastewater with special reference to abatement of toxic metal ions 

that is Pb(II) and has potential application in environmental pollution control. 
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Abstract: 

 The multiferroic materials manifest a coupling between electric and magnetic phases 

together in a single phase. These materials are a prime material for the creation of new 

technologies because of the existence of connection between two ferroic phases. This article 

describes the basic reviews on the various materials possessing multiferroic properties such as 

BiFeO3, BiCrO3 and BiMnO3 and applications of these materials. 

Keywords: Multiferroics, BiFeO3, BiCrO3, BiMnO3 materials, Applications 

 

Introduction: 

 In a specific temperature range, multiferroic materials show ferroelectric, ferromagnetic 

and ferroelasticity characteristics together [1]. On account of coupling between electric and 

magnetic ordered parameters brings onwards a unique occurrence known as magnetoelectric 

effect (ME) in which polarization can be tuned by external electric field or vice versa [2]. The 

multiferroic materials and multiferroic nanomaterials have number of useful applications in 

various fields such as less power consumption devices [3], spintronic devices and sensors [4], 

non-volatile memory devices, next-generation actuators [5], magnetic field sensors [6], 

ultrasonic technologies [7], high density micro actuators [8]. 

 

Multiferroic materials: 

 The materials like BiFeO3, BiCrO3 and BiMnO3 have multiferroic characteristics, which 

mean that both electric and magnetic parameters exist in a single phase. 
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1. BiFeO3 

 The ABO3 perovskite oxide families have been studied extensively to discover new 

exciting phenomena. They are known to possess a most diverse and interesting physical 

properties including ferroelectric, ferromagnetic and ferroelastic properties. The room 

temperature bismuth ferrite (BiFeO3) materials are most widely explored because of coexistence 

of multiferroic characteristics [9]. The bismuth ferrite compound has ferroelectric Curie 

temperature TC = 1100 K and antiferromagnetic Neel temperature TN = 643 K [10]. 

 Recently, several co-workers have made an attempt towards the improvement of 

multiferroic properties in pure, doped and codoped BiFeO3 samples. 

 Makridis et al. [11] reported the preparation of BiFeO3 nanoparticle samples using co-

precipitation method and observed that, the impurity phases can be removed by precursor 

replacement. 

 Kumar et al. [12] reported the BiFeO3 thin film has been prepared by metal organic 

chemical vapour deposition and observed a switching of ferroelectric domain under the 

application of voltage pulses. 

 Benzebeiri et al. [13] reported the preparation of Bi0.8Ba0.2Fe1-xSbxO3 ceramics by solid 

state reactions at different doping concentrations and observed a higher dielectric constant at 

doping concentration x = 0.01. 

 Zhang et al. [14] studied the preparation of Sm-incorporated BiFeO3 samples by applying 

modified solid-state-reaction and observed that, the saturated ferroelectric loop in the samples. 

 Lin et al. [15] reported the nanoscale synthesis of Ca doped BiFeO3 using polyacrylamide 

sol-gel approach and observed the formation of the secondary phases in the prepared samples. 

 Kaur et al. [16] employed the combustion method for the preparation of Bi1-xSrxFeO3 

nanoparticles and observed the decrement in dielectric constant as well as losses with increasing 

doping concentration x = 0.1 in the BiFeO3 compound. 

 The synthesis of nanoparticles of Bi1-xSmxFe1-yMnyO3 at different doping concentrations 

of Sm at Bi site and Mn at Fe site was synthesised using sol gel method and observed the 

decrement in dielectric constant with varying the frequency range reported by Ali SI et al. [17]. 

 The Bi0.9Ba0.1Fe0.925TixO3 ceramic samples were prepared at different doping level and 

observed a remnant magnetization of 1.0 emu/g in the samples reported by Zhu et al. [18]. 
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2. BiCrO3 

 The BiCrO3 is also multiferroic material [19]. The BiCrO3 was found to have type G anti-

ferromagnetic control around 110 K [20]. The BiCrO3 undergoes a structural transformation 

from monoclinic to orthorhombic at pressure level at 1GPa has been experimentally reported 

[21]. 

 Chakrabartty et al. [22] reported the preparation of BiCrO3/ BiCrO3 heterostructure by 

using pulse laser deposition (PLD) and observed maximum power conversion efficiency around 

0.01 % in BiFeO3/BiCrO3 samples with the uppermost number of bilayers. 

 The ground state of BiCrO3 is G-type antiferromagnetic having antiferroelectric structural 

distortion and a cubic structure, which gives a structural instability reported by Himcinschi et al. 

[23]. 

 The HP synthesis of BiCrO3 and BiCr0.9Sc0.1O3 samples and the dielectric measurement 

demonstrates a dielectric anomaly in the samples was reported by Cardoso et al. [24]. 

 The thin film preparation of (BiFeO3)x–(BiCrO3)1-x composite materials on Pt/Ti/SiO2/Si 

substrate by applying by sol–gel method reported by Victor et al. [25]. 

 

3. BiMnO3 

 The BiMnO3 is also another multiferroic material having perovskite structure [26]. 

BiMnO3 material presents ferroelectricity below the transition temperature around 550 K and 

ferromagnetism around 105 K [27]. 

 The thin film preparation of BiMnO3 using the r.f. magnetron sputtering and a 

ferroelectric-paraelectric transition for BiMnO3 bulk samples has also been viewed around 630K 

reported by Grizalez et al. [28]. 

 Chi et al. [29] reported the preparation of BiMnO3 samples using cubic anvil type high 

pressure apparatus. 

 Chi et al. [30] reported the synthesis of BiMnO3 polycrystalline material using high 

pressure and high temperature technique and observed a highly deformed perovskite structure 

with monoclinic structure C2 is stable about 27 GPa. 

 Belik [31] reported that, at the small doping level in the BiMn0.95Ga0.05O3 and 

Bi0.95MnO2.925, samples minimize the octahedral distortion parameters. 

 Lee et al. [32] reported the formulation of BiMnO3 thin films by pulse laser deposition 

technique and observed that, the semiconducting characteristics of the films. The preparation of 

pure and doped BiMnO3 films using pulsed laser deposition method reported by Choi et al. [33]. 
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Conclusion: 

 This article covers the fundamentals of three basic multiferroic materials: BiFeO3, 

BiCrO3 and BiMnO3. These materials exhibit both the electrical and magnetic interaction 

simultaneously. This article describes the numerous applications of these materials as well as the 

current research on this category of materials. 
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Abstract: 

With approximately 2,50,000 identified marine species and abundant biological resource 

of natural polymers, oceansare considered and highlighted as reservoir of global biodiversity and 

so on. The wide variety, renewable nature, tunable physicochemical and structural behavior and 

appealing biological properties make these marine biopolymers particularly attractive to the 

scientific community and numerous industrial sectors. The marine environment shields a wide 

diversity of natural products and indeed marine biopolymers could become a treasure chest for 

pharmaceutical purposes. It is envisaged that biomedical field will be an area in which marine-

derived polymers will have a part of major relevance, in particular with their use on tissue 

regeneration and tissue repair. In this background, this chapter deals various marine biopolymers 

in the marine environment and also offer novel opportunities for the development of bio-based 

materials in response to recent demands for novel biomedical research. However, a strong 

determination is still necessary to get medical-grade biopolymers from marine sources, in a 

reproducible way, and their mechanism are still in their infancy stage.  

Keywords: Biopolymers, Marine, Chitosan, Therapeutic 

 

Introduction: 

Biopolymer 

Biopolymer is biodegradable chemical compound that is regarded as the most organic 

compound in the ecosphere and produced by living beings. However, biopolymers fall into two 

principal categories: polymers that are produced by biological systems such as microorganisms, 
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plants and animals and polymers that are synthesized chemically but are derived from biological 

starting materials such as amino acids, sugars, natural fats, or oils (Cappello, 1992). Some 

biopolymers are proteins, carbohydrates, DNA, RNA, lipids, nucleic acids, peptides, and 

polysaccharides such as glycogen, starch, and cellulose. So far, the most accurate methods for 

structure determination of biopolymers have been regarded as X-ray diffraction techniques and 

other common methods are dynamic light scattering, transient electric birefringence, and nuclear 

magnetic resonance and ultracentrifugation. 

Physicochemical Properties of Biopolymer 

Biopolymers contain monomeric units that are covalently bonded to form larger 

structures and reported three main classes of biopolymers based on monomeric units used. The 

structure of the biopolymer formed like Polynucleotides, which are long polymers composed of 

13 or more nucleotide monomers, polypeptides, which are short polymers of amino acids and 

polysaccharides, often found to be linear bonded polymeric carbohydrate structures. 

Marine Biopolymer 

Excess use of synthetic polymers and indiscriminate dumping of them in soil and water 

are polluting the environment and other living organisms. To overcome this problem, the 

production and applications of eco-friendly biodegradable products (such as bio polymer) from 

marine sources are becoming good alternatives of synthetic polymers. Keeping this point in 

mind, several studies aimed at isolating and identifying the biopolymers producing organisms 

from marine sources that can be effectively utilized for the synthesis of biopolymers 

(Muthezhilan et al. 2014) for treating diseases such as diabetes, inflammatory, and 

hypersensitivity.Poly-3-hydroxybutyrates are extracted from marine bacteria of AMET 5111 

andPseudomonasspp are reported by Muthezhilan et al. (2014). Fucoidans, carrageenans, and 

agar (polysaccharide) like biopolymers are extracted from red edible seaweeds, brown algae and 

brown seaweeds (Jhurry et al. 2006). 

Chitin and Chitosan 

Chitin, a mucopolysaccharide and supporting material of crustaceans and insects, is the 

second most abundant polymer after cellulose found in nature. It is produced by many living 

organisms and is present usually in complex with other polysaccharides and proteins. It was 

found as a major component in arthropods (insects, crustaceans, arachnids, and myriapods), 

nematodes, algae, and fungi (Synowiecki and Al-Khateeb, 2003). Besides its application as a 

starting material for the synthesis of chitosan and chitooligosaccharides, chitin itself has been a 

center of many therapeutic applications and is thought to be a promising biomaterial for tissue 

engineering and stem cell technologies (Wan and Tai, 2013). 
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Chitosan, a biopolymer of glucosamine derived from chitin that is chemically similar to 

that of cellulose, is not digestible by mammalian digestive enzymes and acts as a dietary fiber in 

the gastrointestinal tract. One of the recently reports demonstrated that chitosan has a 

hypoglycemic effect in streptozotocin (STZ)-induced diabetic animals (Gallaher et al. 2000). 

Biological Applications of Marine Biopolymers 

Chitosan is a natural nontoxic biopolymer produced by the deacetylation of chitin, a 

major component of the shells of crustaceans such as crab, shrimp, and crawfish. Chitosan and 

its derivatives have shown various functional properties that have made them possible to be used 

in many fields, including food (Shahidi et al. 1999), cosmetics (Kumar et al. 2000), biomedicine, 

agriculture, environmental protection and wastewater management (Jeuniaux, 1986).Chitosan 

has three types of reactive functional groups such as an amino group and primary and secondary 

hydroxyl groups at the C-2, C-3 and C-6 positions. Currently, chitosan has received considerable 

attention for its commercial applications in the biomedical, food and chemical industries (Razdan 

and Pettersson, 1994). Due to its unique biological characteristics, including biodegradability and 

nontoxicity, many applications has been found either alone or blended with other natural 

polymers (starch, gelatin, and alginates) in the food, pharmaceutical, textile, agriculture, water 

treatment, and cosmetics industries. Chitosan has been noted for its application as a film-forming 

agent in cosmetics (Lang and Clausen, 1989), a dye binder for textiles, a strengthening additive 

in paper (Ashford et al. 1977) and a hypolipidic material in diets (Fukada et al. 1991). 

Medical Applications ofChitosan 

Marine biopolymers have so many medical applications, like chitosan, a bio polymer of 

glucosamine derived from chitin used for tissue engineering applications. Tissue and organ loss 

or damage is a major human health problem. Transplantation of tissue or organs is a standard 

therapy to treat the tissue or organ-damaged patients.Tissue engineering is a highly 

interdisciplinary field that combines the principles and methods of life sciences and engineering 

to utilize the structural and functional relationships in normal and pathological tissue to develop 

biological substitutes to restore, maintain, or improve biofunction. Chitosan is a promising 

polymer for tissue engineering for its nontoxicity, biocompatibility, and biodegradability. 

Moreover, it has structural similarity to glucosaminoglycans, which are the major components of 

the extracellular matrix (Giri et al. 2012). Chitosan and its derivatives are promising candidates 

as a supporting material for tissue engineering applications due to their porous structure, gel 

forming properties, ease of chemical modification, high affinity for in vivo macromolecules. 

Studies also focused on various types of chitosan derivatives and their use in various tissue 
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engineering applications namely, the skin, bone, cartilage, liver, nerve, and blood 

vessel.Exopolysaccharides (EPSS) are extracellular carbohydrate polymers produced and 

secreted by microorganisms, which are accumulated outside the cells. Some new EPSS produced 

by bacteria isolated from extreme marine environments showed as the promising properties for 

tissue engineering in bone healing (Nichols et al. 2005). In tissue engineering, special interest is 

paid to stem cells and the design of bioactive nanopatterned scaffolds of different polymeric 

materials, including EPS, with specific ligands that direct and enhance cell function and 

differentiation of embryonic stem cells. 

Chitosan in Bone Tissue Engineering 

 A biodegradable scaffold in tissue engineering serves as a temporary skeleton to 

accommodate and stimulate new tissue growth. Studies also reported on the development of a 

biodegradable porous scaffold made from naturally derived chitosan and alginate polymers with 

significantly improved mechanical and biological properties compared to its chitosan 

counterpart. Enhanced mechanical properties were attributable to the formation of a complex 

structure of chitosan and alginate and bone-forming osteoblasts readily attached to the chitosan-

alginate scaffold, proliferated well, and deposited calcified matrix. The chitosan-alginate scaffold 

could be prepared from solutions of physiological pH, which might have provided a favorable 

environment for incorporating proteins with less risk of denaturation. Chitosan is also used as an 

adjuvant with bone cements to increase its injectability while keeping the chemicophysical 

properties suitable for surgical use with respect to setting time and mechanical properties. A new 

robotic desktop rapid prototyping (RP) system was designed by Ang et al. (2002) to fabricate the 

scaffolds for tissue engineering applications. Neutralization of the chitosan forms a gel-like 

precipitate, and the hydrostatic pressure in the sodium hydroxide (NaOH) solution keeps the 

cuboid scaffold in shape. Results of in vitro cell culture studies revealed the scaffold 

biocompatibility also. Thus the results of this pre liminary study using the RP robotic dispensing 

system demonstrated its potential in fabricating 3D scaffolds with regular and reproducible 

macropore architecture. 

Chitosan in Cartilage Tissue Engineering 

 Silk fibroin/chitosan-blended scaffolds were fabricated and studied by Nandanaet al. 

(2011) for cartilage tissue engineering. Silk fibroin served as a substrate for cell adhesion and 

proliferation, whereas chitosan has a structure similar to that of glycosaminoglycans and shows 

promise for cartilage repair. They compared the formation of cartilaginous tissue in silk fibroin/ 

chitosan-blended scaffolds seeded with bovine chondrocytes and cultured in vitro for 2 weeks. 

The amount of glycosaminoglycan and collagen accumulated in all the scaffolds was the highest 
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in the silk fibroin/chitosan (1:1) blended scaffolds. The results suggested that silk/chitosan 

scaffolds may be a useful alternative to synthetic cell scaffolds for cartilage tissue engineering. 

3D scaffolds are especially important for fabricating articular cartilage. Chitosan was chosen as a 

scaffolding material in articular cartilage engineering due to its structural similarity with various 

glycosaminoglycans (GAGs) found in articular cartilage. The in vitro tissue-engineered cartilage 

reconstructions were made by mixing sheep chondrocytes with a chitosan hydrogel.Fucoidans, 

carrageenans, and agar (polysaccharide) are extracted from red edible seaweeds, brown algae, 

and brown seaweeds and used as anticoagulant, antithrombotic, antiviral, antiproliferative, and 

antitumor agents.  

Role of Marine Biopolymers in Antidiabetic Activity 

Diabetes mellitus is often simply referred to as diabetes. Diabetes is a group of metabolic 

diseases in which a person has high blood sugar, either because the body does not produce 

enough insulin or because cells do not respond to the insulin that is produced. This high blood 

sugar produces the classical symptoms of polyuria, polydipsia, and polyphagia. Diabetes mellitus 

is often called the silent killer, because it causes serious complications without serious symptoms 

and can affect many of the major organs in the body. It is a chronic disorder that affects the 

metabolism of fats, proteins, and electrolytes in the body, leading to severe complications that 

are classified into acute, subacute, and chronic (Rang et al. 1991). The marine bio polymers used 

for the treatment of diabetes are Ulva, Conus geographus, and chitin. Diabetes mellitus is the 

most common endocrine disorder, with more than 150 million people suffering worldwide 

(World Health Organization, 1985). Literature surveys indicate more than 400 plant species have 

antidiabeticactivity and most of the natural products used for diabetes treatments have been 

isolated from plants (Rai, 1995). In contrast, the antidiabetic effects of compounds derived from 

marine bacteria and fungi remain poorly investigated, but may be of great promise in the search 

for novel drugs.Diabetes mellitus is classified into two types: typel (insulin dependent) and type 

2 (non-insulin dependent). Type 2 diabetes mellitus is divided into two categories such as obese 

type with hyperinsulinemia and nonobese type with hypoinsulinemia. It is established that 

obesity causes peripheral insulin resistance, which leads to hyperinsulinemia. Obesity-related 

type 2 diabetes mellitus is also characterized by hypertriglyceridemia and hyperinsulinemia. 

Improving the abnormality of lipid metabolism and glucose metabolism may be useful in 

preventing the development or progression of obesity-related type 2 diabetes mellitus. Miura et 

al. (1995) showed that chitosan given as a 5% food mixture produces consistent blood glucose 

and lipid-lowering effects in normal mice and neonatal streptozotocin-induced diabetic mice. 
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Anticoagulant Activity 

 Disorders in blood coagulation increase the risk of hemorrhage or thrombosis (Rivas et 

al. 2011). Anticoagulants prevent coagulation (Desai, 2004) and can be used in vivo to treat 

thrombotic disorders. Heparin, an anticoagulant used widely in venous thromboembolic 

disorders, was already discovered. However, it has several side effects, including 

thrombocytopenia, hemorrhage, and ineffectiveness due to congenital or acquired antithrombin 

deficiencies and inability to inhibit thrombin bound to fibrin. Moreover, it is primarily extracted 

from pig intestines or bovine lungs, where it exists in low levels. Therefore, alternative 

anticoagulants are necessary for safer and more effective therapy.The chemical modification of 

the amino and hydroxyl groups can generate products for pharmaceutical applications such 

assulfated chitosan possesses a wide range of biological activities. Thus, chitosan sulfates, as the 

nearest structural analogs of the natural blood anticoagulant heparin, demonstrate the 

anticoagulant, antisclerotic, and antiviral activities.It has been used extensively as a biomaterial, 

due to its anticoagulant properties and its action as a promoter of wound healing in the field of 

surgery (Muzzarelli et al. 1989). 

Fucoidans and Fucoxanthins 

Fucoidans (Wang et al. 2012) are a group of sulfated heteropolysaccharides found in the 

cell wall of some members of Phaeophyceae. Due to the presence of hydroxyl, amine, and 

acetylated amine groups, chitosan,low-molecular-weight chitosan, and COS interact readily with 

various cell receptorsthat trigger a cascade of interconnected reactions in living organisms 

resulting in antidiabetic effects (Ju et al. 2010).  

Fucoxanthin is the main pigment found in brown algae and possesses antioxidant activity 

also. Marine algae are a natural resource representing many interests in the medical, therapeutic, 

and nutritional fields. In industrialized aspect, a large number of research are investigating the 

ways of isolating polysaccharides, known to be very important in the medicinal and 

pharmaceutical fields such as anticoagulants (Ushakova et al. 2008), anti-inflammatory drugs), 

and antidiabetes induced by alloxan (Huang et al. 2006).Fucoxanthin has been reported to have 

an antidiabetic effect (Maeda et al. 2009), which has an unique structure containing an allenic 

bond and a 5,6-monoepoxide, whose structure has been linked to the anti-obesity effect.  

Disorders in blood coagulation increase the risk of hemorrhage or thrombosis (Rivas et 

al. 2011). Anticoagulants prevent coagulation (Desai, 2004) and can be used in vivo to treat 

thrombotic disorders. Heparin, an anticoagulant used widely in venous thromboembolic 

disorders is already discovered. However, it has several side effects, including 

thrombocytopenia, hemorrhage, and ineffectiveness due to congenital or acquired antithrombin 
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deficiencies and inability to inhibit thrombin bound to fibrin. Moreover, it is primarily extracted 

from pig intestines or bovine lungs, where it exists in low levels. Therefore, alternative 

anticoagulants are necessary for safer and more effective therapy.The chemical modification of 

the amino and hydroxyl groups can generate products for pharmaceutical applications. Thus, 

chitosan sulfates, as the nearest structural analogs of the natural blood anticoagulant heparin, 

demonstrate the anticoagulant, antisclerotic and antiviral activities. 

Antiallergic Activity 

Allergy is a common form of hypersensitivity and at present, it affects >25% of the 

population (Larche et al. 2006). Bae et al. (2013) demonstrated that oral administration of chitin 

is beneficial in preventing food allergies and the oral administration of chitin was accomplished 

by milling it to a particle size less than 20 µm and mixed it with feed. Additionally, dietary 

supplementation of chitin has shown to exert positive immunomodulatory effects (Harikrishnan 

et al. 2012). Chitosan lacks irritant or allergic effects and is biocompatible with both healthy and 

infected human skin (Malette et al. 1986).Chitosan is compatible with lots of biologically active 

components incorporated in cosmetic products composition. It may be noted that substances 

absorbing the harmful ultraviolet radiation or different dyes can be easily covalently linked to 

chitosan amino groups.  

Anti-Inflammatory inflammation is a local response of living mammalian tissues to 

injury. It is a body defense reaction in order to eliminate or limit the spread of injurious agents. 

There are various components act as inflammatory reaction injury such as edema formation, 

leukocyte infiltration, and granuloma formation represent such components of inflammation 

(Mitchell and Cotron, 2010). Due to the presence of hydroxyl, amine, and acetylated amine 

groups, chitosan, low-molecular-weight chitosan, and COS interact readily with various cell 

receptors that trigger a cascade of interconnected reactions in living organisms resulting in anti-

inflammatory (Fernandes et al. 2010) and anticancerogenic effects. 

Sterols and some of their derivatives were found previously to play an important role in 

lowering LDL cholesterol levels in vivo (Francavilla et al. 2010). Other bioactivities are 

associated with sterols and include anti-inflammatory and antíatherogenic activity (Francavilla et 

al. 2010). Fucoidan extracted from brown seaweeds, which have a highersulfate content, was 

reported to have the anti-inflammatory activity in several cell lines (Lutay et al. 2011). 

Immunoadjuvants 

An adjuvant is an agent that stimulates the immune system, increasing the response to a 

vaccine and not having any specific antigenic effect. Adjuvants perform functions such as 
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enhance phagocytosis and modulate immune response induced by the antigen alone (Cox et al. 

2006). They may also provide the danger signal the immune system needs and play a significant 

role in every aspect of the immune response. Chitosan has been used extensively as a biomaterial 

due to its immunostimulatory activities (Nishimura et al. 1987). Carrageenan from marine algae 

might have diverse biological activities, including immunomodulatory effects. 

Antihypersensitivity 

A hypersensitivity reaction refers to a state of altered reactivity in which the body mounts 

an amplified immune response to a substance and most of the naturally occurring 

polysaccharides, namely, cellulose, dextrin, pectin, alginic acid, agar, agarose, and carrageenan, 

are naturally acidic in nature, whereas chitin and chitosan are the examples of highly basic 

polysaccharides. They have several properties such as solubility in various media, solution, 

viscosity, metal chelation, and structural characteristics. The chemical properties of chitosan are 

due to the presence of linear polyamine and reactive amino groups, which can chelate many 

transitional metal ions. Chitin also possesses biological properties such as biocompatibility, 

accelerates the formation of osteoblast that is responsible for bone formation, anticholesteremic, 

hemostatic, fungistatic, spermicidal, antitumor and accelerates bone formations. 

 

Conclusions: 

 In summary, marine biopolymer has been extensively utilized as a biomaterial for many 

biomedical applications, particularly in the areas of drug delivery, in vitro cell culture, wound 

and bone healing, blood cholesterol control, skin burn, contact lens, surgical sutures, dental 

plaque inhibition, clotting agent and antitumor fields. Applications include biocompatible, 

biodegradable, renewable, nontoxic, biological tolerance, mild gelation conditions, and simple 

modifications to prepare bio polymer derivatives with new properties. Chitin and chitosan have 

emerged as the most extensively explored marine biomaterials exhibitscytocompatibility and 

biocompatibility, biodegradation, sol/gel transition properties, and chemical versatility. In the 

future, efforts should be made on chemical derivatization of biopolymer to create next-

generation marine biomaterials withenhanced new properties. Indeed, a thorough understanding 

of the chemical properties of marine biopolymer is vital and an important challenge that remains 

is the innovative development and generation of biopolymer particles, with a narrow size 

distribution, high mechanical and chemical stability, and feasibility to scale up to medical and 

industrial-scale productions. Table 1-4 listed various drug delivery and biomedical applications 

of marine biopolymers. 
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Table 1: Physical form of chitin derivatives and their biomedical application 

Form of material Application 

Solution Bacteriostatic agent 

Whisker Food packaging material 

Gel Drug delivery vehicle 

Powder Surgical clove powder 

Film/membrane Dialysis membrane 

sponge Veterinary practices 

Miscellaneous pharmaceutical applications Anticholesteremic materials 

 

Table 2: Biomedical applications of biopolymer 

Potential Biomedical Applications Principal Characteristics 

medical Wound and bone healing 

Surgical sutures Biocompatible 

Dental implants Biodegradable 

Artificial skin Renewable 

Rebuilding of bones Film forming 

Corneal contact lenses Hydrating agent 

Time release drugs for animals and 

humans 

Nontoxic and biolocal 

tolerance 

Encapsulating material Wound healing properties 

 

Table 3: Chitosan based drug delivery systems prepared by different methods 

Type of 

system 

Method of 

preparation 
Drugs or biomolecules 

Microparticles Ionic gelation felodipine 

Nanoparticles 
Emulsification and 

cross linking 
5-FU 

Hydrogels cross linking Aspirine, theophylline, lidocaine 

Films Solution casting Acyclovir 

tablets Matrix coating Salycilic acid 
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Table 4: Application of chitin and its derivatives  

Specific properties Main applications 

Bioactivity Prevention against microbial growth 

Biodegradability Biodegradable packaging materials 

Reactivity of deacetylated 

amino grups 
Enzyme immobilization 

Chelation ability 
Reduction of surface water and waste water 

pollutions by chelation 

Adsorption capacity Separation of proteins and other by products 

  

References: 

1. Ang. T. H., Sultana, F. S. A., Hutmacher, D. W., Wong, Y. S., Fuh, J. Y. H., Mo, X. M., 

Loh, H. T., Burdet, E. and Teoh, H. S. 2002. Fabrication of 3D chitosan-hydroxyapatite 

scaffolds using a robotic dispensing system, Materials Science and Engineering, 20: 35-42.  

2. Ashford, N. A., Hattis, D. B. and Murray. A. E. 1977. Industrial Prospects for chitin and 

protein from shellfish wastes. MIT Sea Grant Program, Massachusetts Institute of 

Technology. Report no. MITSG 77-3, Index no. 77-703-Zle. 

3. Bae, M. J., Shin, H. S., Kim, E. K., Kim J. and Shon, D. H. 2013. Oral administration of 

chitin and chitosan prevents peanut-induced anaphylaxis in a murine food allergy model. 

International Journal of Biological Macromolecules, 61: 164-168.  

4. Berteau M. and Mulloy, B. 2003.Sulfatedfucans, fresh perspectives: Structures, functions. 

and biological properties of sulfatedfucans and an overview of enzymes active toward this 

class of polysaccharide. Glycobiology,13: 29-40. 

5. Cappello, J. 1992. Genetic production of synthetic protein polymers.Materials Research 

Bulletin, 17: 45-53. 

6. Cox, E., Verdonck, F., Vanrompay, D. and Goddeeris. B. 2006. Adjuvants modulating 

mucosal immune responses or directing systemic responses towards the mucosa.Veterinary 

Research, 37: 511-539.  

7. Desai, U. R. 2004. New antithrombin-based anticoagulants.Medical Research Review, 24: 

151-181. 

8. Francavilla, M., Trotta, P. and Luque. R. 2010. Phytosterols from Dunaliellatertiolecta and 

Dunaliellasalina: A potentially novel industrial application. Bioresource Technology,101: 

4144-4150.  



Advances in Material Science Volume II 

    (ISBN: 978-93-91768-91-1) 

 

33 
 

9. Fukada, Y., Kimura, K. and Ayaki. Y. 1991. Effect of chitosan feeding on intestinal bile 

acid metabolism in rats.Lipids, 26: 395-399. 

10. Gallaher, C. M., Munion, J., Hesslink, Jr. R., Wise, J. and Gallaher. D. D. 2000. 

Cholesterol reduction by glucomannan and chitosan is mediated by changes in cholesterol 

absorption and bile acid and fat excretion in rats. The Journal of Nutrition, 130: 2753-

2759.  

11. Giri, T. K., Amrita, T., Amit, A., Ajazuddin, B., Hemant, B. and Tripathi, D. K. 2012. 

Modified chitosan hydrogels as drug delivery and tissue engineering systems: Present 

status and applications. ActaPharmaceuticaSinica B, 2: 439-449.  

12. Harikrishnan, R., Kim, J. S., Balasundaram, C. and Heo. M. S. 2012. Dietary 

supplementation with chitin and chitosan on haematology and innate immune response in 

Epinephelusbruneus against Philasteridesdicentrarchi.Experimental Parasitology, 131: 

116-124. 

13. Huang, R., Mendis, E., Rajapakse, N. and Kim. S. K. 2006. Strong electronic charge as an 

important factor for anticancer activity of chito oligosaccharides (COS).Life Sciences, 78: 

2399-2408.  

14. Jeuninux, C. 1986. Chitosan as a tool for the purification of waters.In R.A.A. Muzzarelli. 

C. Jeuniaux. G.W. Gooday (Eds.), Chitin in Nature and Technology, pp. 551-570. Plenum 

Press, New York. 

15. Jhurry, D., Bhaw-Luximon, A., Mardamootoo, T. and Ramanjooloo, A. 2006. Biopolymers 

from the mauritian marine environment. Macromolecular Symposia, 231: 16-27. 

16. Ju.C., Yue, W., Yang, Z., Zhang, Q., Yang, X., Liu, Z. and Zhang. F. 2010. Antidiabetic 

effect and mechanism of chito oligosaccharides.Biological and Pharmaceutical Bulletin, 

33: 1511-1516. 

17. Kumar, M. N. V. R., Muzzarelli, R. A. A., Muzzarelli, C., Sashiwa, H. and Domb, A. J. 

2000. Chitosan chemistry and pharmaceutical perspectives.Reactive and Functional 

Polymers, 46: 1-27. 

18. Lang, G. and Clausen, T. 1989. The use of chitos an in cosmetics, In G. Skjoak-Brok, T. 

Anthonsen, P. Sandford (Eds.), Chitin and Chitosan, pp. 139-147. Elsevier Science, 

London. 

19. Larche, M.,.Akdis, C. A. and Valenta, R. 2006.Immunological mechanisms of allergen 

specific immunotherapy.Nature Review Immunology, 6: 761-71. 



Bhumi Publishing, India 

34 
 

20. Lutay, N., Nilsson, I., Wadstrom, T. and Ljungh, A. 2011.Effect of heparin, fucoidan and 

other polysaccharides on adhesion of enterohepatic helicobacter species to murine macro 

phages.Applied Biochemistry and Biotechnology, 164: 1-9. 

21. Mitchell, R. N. and Cotron, R. S. 2010.Robinsons Basic Pathology.In Robinsons Basic 

Pathology, edn. 7. pp. 34-42. Harcourt Pvt. Ltd, New Delhi, India. 

22. Miura, T., Usami.M., Tsuura, Y., Ishida, H. and Seino. Y. 1995. Hypoglycemic and 

hypolipidemic effect of chitosan in normal and neonatal streptozotocin-induced diabetic 

mice.Biological and Pharmaceutical Bulletin,18: 1623-1625. 

23. Muthezhilan, R., Kaarthikeyan, C. P., Jayaprakashvell, M. and JaffarHussain, A. 2014. 

Isolation, optimization and production of biopolymer (poly 3-hydroxy butyrate) from 

marine bacteria, Pakistan Journal of Biotechnology, 11: 59-66. 

24. Muzzarelli, R. G., Biagini, A., Pugnaloni, O., Filippini, V., Baldassarre, C., Castaldini, and 

Rizzoli, C. 1989. Reconstruction of parodontal tissue with chitosan.Biomaterials,10: 598-

603.  

25. Nandana, B., Quynhho, T., Albert, C., David, L., Robert, L. and Subhas, C. 2011. Potential 

of 3-D tissue constructs engineered from bovine chondrocytes/silk fibroin-chitosan for in 

vitro cartilage tissue engineering. Biomater, 32: 5773-5781.  

26. Nichols, C. A. M., Guezennec, J. and Bowman. J. P. 2005. Bacterial polysaccharides from 

extreme marine environments with special considerations of the southern ocean, sea ice 

and deep-sea hydrothermal vents: A review. Marine Biotechnology, 7: 253-271.  

27. Nishimura, K., Nishimura, S. I. and Seo, H. 1987. Effect of multiporous microspheres 

derived from chitin and partially deacetylated chitin on the activation of mouse peritoneal 

mac rophages. Vaccine, 5: 136-140. 

28. Rai, M. K. 1995. A review on some antidiabetic plants of India.Ancient Science of Life, 14: 

42-54. 

29. Rang, H. P..Dale, M. M. and Ritters. J. M. 1991. The endocrine pancreas and the control of 

blood glucose.In B. Simmons, S. Beasley (Eds.), Pharmacology, 3: 403-410. 

30. Razdan, A. and Pettersson. D. 1994. Effect of chitin and chitosan on nutrient digestibility 

and plasma lipid concentrations in broiler chickens.British Journal of Nutrition, 72: 277-

288. 

31. Rivas, G. G..Gutierrez, C. M. G., Arteaga, G. A., Mercado, I. E. S. and Sanchez. N. E. A. 

2011. Screening for anticoagulant activity in marine algae from the Northwest Mexican 

Pacific coast.Journal of Applied Phycology, 23: 495-503. 



Advances in Material Science Volume II 

    (ISBN: 978-93-91768-91-1) 

 

35 
 

32. Shahidi, F., Arachchi, J. K. V. and Jeon. Y. J. 1999. Food applications of chitin and 

chitosans.Trends in Food Science and Technology, 10: 37-51.  

33. Synowiecki, J. and Al-Khateeb, N. A. 2003. Production, properties, and some new 

applications of chitin and its derivatives, Critical Reviews in Food Science and Nutrition, 

43: 145-171. 

34. Ushakova, N. A., Morozevich, G. E., Ustiuzhanina, N. E., Bilan, M. I. and Usov, A. L. 

2008. Anticoagulant activity of fucoidans from brown algae.Biomed Khim, 54: 597-606. 

35. Wan. A. C. A. and Tai, B. C. U. 2013.Chitin-a promising biomaterial for tissue engineering 

and stem cell technologies.Biotechnology Advances, 31: 1776-1785. 

36. Wang, W., Wang, S. X. and Guan, H. S. 2012. The antiviral activities and mechanisms of 

marine polysaccharides: An overview. Marine Drugs, 10: 2795-2816.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Bhumi Publishing, India 

36 
 

A STUDY OF GIANT MAGNETORESISTANCE (GMR) 

P. P. Jagtap1* and Y. A. Chaudhari2 

1 Department of Physics,  

P. S. G. V. P. M’s Arts, Science and Commerce College, Shahada, India 

2 Department of Physics,  

S. P. Khemraj College, Sawantwadi, India 

*Corresponding author E-mail: p22jagtap@gmail.com 

 

 

Abstract: 

Magnetoresistance (MR) is an effect in which the electrical resistance of a material 

changes with the application of magnetic field. Magnetoresistance is usually related to 

magnetism The basic physical origin of the effect is the differential scattering of electrons 

parallel to and antiparallel to the local magnetization. This differential scattering arises either 

from the character of the scattering centers or in the different density of states functions for the 

two spin species. The magnetoresistive effect is of interest because of its potential utility in 

applications such as sensors and storage devices. This chapter describes the theory of Giant 

magnetoresistance in brief. 

 

Introduction: 

Magnetoresistance (MR) is the change of resistance of a material when it is placed in an 

external magnetic field. It has   a variety of physical origins, depending on the material‘s intrinsic 

or extrinsic properties. Magnetoresistance effect is gaining importance in technological 

applications. It is heavily used in magnetic memories, read heads and magnetic field sensors [1]. 

They include Ordinary Magnetoresistance (OMR), Anisotropic Magnetoresistance (AMR), Giant 

Magnetoresistance (GMR), Colossal Magnetoresistance (CMR) and Tunneling 

Magnetoresistance (TMR).  

Magnetoresistance is generally defined by the equation [2], 

𝑴𝑹 =   
∆𝝆

𝝆𝟎
 =  

𝝆𝑯 − 𝝆𝟎

𝝆𝟎
 

 Where ρH and ρ0 are the resistivities at a given temperature in the applied and zero 

magnetic fields respectively. Magnetoresistance can be positive or negative depending on the 

increase or decrease in resistivity respectively. The change in resistance is due to the interaction 
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between the electrons and the atomic moments that make the material magnetic. The fractional 

change in the resistance due to this effect is a few percent or less. 

 Magnetoresistance effect was first discovered in 1856 by William Thomson, commonly 

known as Lord Kelvin who observed a 0.33% rise of electrical resistance in a piece of iron if a 

magnetic field is applied [3]. But he was unable to lower the electrical resistance of anything by 

more than 5%.  

Today‘s technology devices are based on magnetoresistive materials. Very sensitive 

magnetoresistive materials called giant magnetoresistive (GMR) materials and more recently the 

colossal magnetoresistive materials have been rediscovered in the past few years, due to the 

intense, new materials research. These materials exhibit a resistance change when subjected to a 

magnetic field and may eventually evolve into magnetoresistive (MR) heads.  

Giant Magnetoresistance (GMR): 

Giant magnetoresistance (GMR) was first observed in layered Fe/Cr magnetic structures 

by Baibich et al [4] and by Binasch et al [5]. These structures have magnetized layers separated 

by a non magnetic spacer metal. A material with magnetized layers or granules that is 

spontaneously antiferromagnetic, or whose magnetization vectors are randomly oriented, 

exhibits GMR when the electrical resistivity is significantly reduced by a magnetic field that 

induces parallel magnetization alignment. Baibich et al reported magnetoresistance effects of up 

to 50% at low temperature in ―giant‖ magnetoresistive multilayer structures. 

Further this work was carried out by the two European scientists working independently, 

Peter Grunberg of the KFA research institute in Julich, Germany and Albert Fert of the 

University of Paris – Sud, France. They saw very large resistance changes i.e., 6% to 50%, 

respectively in materials comprised of alternating very thin layers of various metallic elements. 

GMR effect is a quantum mechanical effect observed in thin film structures composed of 

alternating ferromagnetic and non magnetic metal layers. This effect was found to be much 

larger than other magnetoresistive effects that had ever been observed in metals and was 

therefore called ―giant magnetoresistance‖. It is an interesting phenomenon observed with 

manganite materials and is totally controlled by the synthesis process. 

Mechanism of GMR: 

It was discovered that the application of a magnetic field to magnetic metallic multilayers 

such as Fe/Cr and Co/Cu, in which FM layers are separated by non magnetic spacer layers of a                        

few nanometer thick, results in a significant reduction of the electrical resistance of the 
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multilayer [6]. In Fe/Cr
 
[7] and Co/Cu multilayers

 
[8, 9] the magnitude of GMR can be higher 

than 100% at low temperatures. 

The change in the resistance of the multilayer arises when the applied field aligns the 

magnetic moments of the successive ferromagnetic layers, as shown in fig.1. In the absence of 

the magnetic field, the magnetizations of the ferromagnetic layers are antiparallel. Applying the 

magnetic field aligns the magnetic moments and saturates the magnetization of the multilayer, 

leads to a drop in the electrical resistance of the material.                                                                

 

Figure1: Magnetization configurations of the multilayer (trilayer) at various magnetic 

field and change in resistance of magnetic multilayer as a function of applied magnetic 

field 

 

 

Figure 2: Scattering of electrons with up or down spin 

 

 The chief source of GMR is spin dependent scattering of electrons. Electrical resistance is 

due to the scattering of electrons within a material. Depending on its magnetic direction, a single 
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domain magnetic material will scatter electrons with ‗up‘ or ‗down‘ spin differently as shown in 

fig. 2. For the parallel aligned magnetic layers, the up-spin electrons pass through the structure 

almost without scattering, because their spin is parallel to the magnetization of the layers. On the 

contrary, the down-spin electrons are scattered strongly within both ferromagnetic layers, 

because their spin is antiparallel to the magnetizations of the layers. Since, conduction occurs in 

parallel for the two spin channels, the total resistivity of the multilayer is determined mainly by 

the high conductive up-spin electrons and appears to be low. For the anti-parallel aligned 

multilayer, both the up spin and down electrons are scattered strongly within one of the layers, 

the spin is antiparallel to the magnetization direction. Therefore in this case, the total resistivity 

of the multilayer is high. 

 The GMR effectively measures the difference in angles between the two magnetizations 

in the magnetic layers. Small angles (parallel alignment) gives a low resistance, large angles 

(anti-parallel alignment) gives a high resistance. 

Discovery of GMR: 

In the original experiments leading to the discovery of GMR, one group led by Peter 

Grunberg
 
[5] used a trilayer system Fe/Cr/Fe, while the other group led by Albert Fert

 
[4] used 

multilayers of the form (Fe/Cr)n where n could be as high as 60. 

 

(a)                                                                  (b) 

FIG.3 (a) Magnetoresistance measurements for the trilayer system Fe/Cr/Fe 

(b) Magnetoresistance measurements for the multilayer system (Fe/Cr)n. 

  

 The measurements of Grunberg‘s group are displaced [Fig.3 (a)] together with those of 

Fert‘s group [Fig.3 (b)]. The experiments show a most significant negative magnetoresistance for 
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the trilayer as well as the multilayers. In Fig. 3 (b), the system involving large stacks of layers 

show a decrease of resistance by almost 50% when subjected to a magnetic field. But the effect 

is much smaller for the system in fig. 1.5 (a), not only because the system is merely a trilayer but 

also because the experiments led by Grunberg were made at room temperature, while the 

experiments reported by Fert and co-workers were performed at very low temperature (4.2K). In 

Grunberg‘s result, to the far right as well as to the far left the magnetizations of the two iron 

layers are both parallel to the external magnetic field. In the intermediate region, the 

magnetizations of the two iron layers are antiparallel. The experiments also show a hysteresis 

behaviour [difference 1and 4(2 and 3)] typical for magnetization measurements. In Fert‘s result, 

to the far right as well as to the far left the magnetizations of all iron layers are parallel to the 

external magnetic field. In the low field region, every second iron layer is magnetized 

antiparallel to the external magnetic field. 

 Grunberg also reported low temperature magnetoresistance measurements for a system 

with three iron layers separated by two chromium layers and found a resistance decrease of 10%. 

Fert and Grunberg observations gave strongly enhanced magnetoresistivities, where the origin of 

magnetoresistance was of a totally new type. Grunberg also realized at once the new possibilities 

for technical applications and patented the discovery. 

            The discovery of GMR immediately opened the door to a wealth of new scientific 

technological possibilities, including a tremendous influence on the technique of data storage and 

magnetic sensors. Thousands of scientists all around the world are today working on 

magnetoelectronic phenomena and their exploration. The story of the GMR effect is a very good 

demonstration of how a totally unexpected scientific discovery can give rise to completely new 

technologies and commercial products. 

Peter Grunberg and Albert Fert have received a number of prestigious prizes and awards 

for their discovery and contributions to the field of spintronics. The 2007 noble prize in physics 

has been awarded jointly to Albert Fert and Peter Grunberg for ―the discovery of giant 

magnetoresistance‖. 

Types of GMR: 

GMR is observed in magnetic metallic layered structures in which it is possible to 

reorient the magnetic moments of the ferromagnetic layers relative to one another. These 

structures include multilayer GMR, spin valve GMR and granular GMR. 

1) Multilayer GMR: 

Two or more ferromagnetic layers are separated by a very thin (about 1nm) non 

ferromagnetic spacer (e.g, Fe/Cr/Fe) [10, 11]. At certain thicknesses the RKKY coupling 
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between adjacent ferromagnetic layers becomes antiferromagnetic, making it energetically 

preferable for the magnetizations of adjacent layers to align in antiparallel. The electrical 

resistance of the device is normally higher in the antiparallel case and the difference can reach 

more than 10% at room temperature. The interlayer spacing in these devices typically 

corresponds to the second antiferromagnetic peak in the AFM-FM oscillation in the RKKY 

coupling. 

The GMR effect was first observed in the multilayer configuration, with much early 

research into GMR focusing on multilayer stacks of 10 or more layers. 

 

Figure 4: Multi layer GMR 

2) Spin valve GMR: 

 

Figure 5: Spin valve GMR 

Two ferromagnetic layers are separated by a thin (about 3nm) non-ferromagnetic spacer, 

but without RKKY coupling [12, 13]. If the coercive fields of the two ferromagnetic electrodes 

are different it is possible to switch them independently. Therefore parallel and antiparallel 
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alignment can be achieved, and normally the resistance is again higher in the antiparallel case. 

This device is sometimes also called spin valve.
 

 Spin valve GMR is the configuration that is most industrially useful and is the 

configuration used in hard drives. 

3) Granular GMR: 

Granular GMR is an effect that occurs in solid precipitates of a magnetic material in a 

non magnetic matrix [14].  In practice, granular GMR is only observed in matrices of copper 

containing cobalt granules. The reason for this is that copper and cobalt are immiscible, so it is 

possible to create the solid precipitate by rapidly cooling a molten mixture of copper and cobalt. 

Granule sizes vary depending on the cooling rate and amount of subsequent annealing. Granular 

GMR materials have not been able to produce the high GMR ratios found in the multilayer 

counterparts.   

 

Figure 6: Granular GMR 

Applications of GMR: 

1) For the development of read sensors:  

GMR recently moved out of the laboratory into our computers with the development of 

―read sensors‖ for magnetic disc drives. Because the capacity of disc drive continues to grow 

rapidly as they shrink in size, GMR read sensors become increasingly important. 

2) In Read heads: 

GMR has been extensively used in read heads in modern hard drives. 

3) In motion sensors: 

GMR motion sensors could be developed to increase the efficiency and safety of home 

appliances, automobiles and factories. It provides a convenient way of sensing the relative 

motion and position of objects without physical contact. Just attach a magnet to one object and a 

GMR sensor to another. Alternately, if one of the object contains a magnetic material such as 

iron or steel, the object in motion will alter any magnetic field that is present. These small 

changes in the magnetic field could be detected by a GMR sensor [15, 16]. 
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4) In non-volatile, magnetic random access memory (MRAM): 

GMR also may spur the replacement of RAM in computers with magnetic RAM 

(MRAM). RAM holds the data that your computer must get to quickly in order to operate. 

Todays technology uses semiconductor RAM because it is fast, dense, and relatively 

inexpensive. In semiconductor RAM, data are stored as small regions that have an access or 

deficit of electrons. 

 Using GMR, it may be possible to make thin-film MRAM that could be just as fast, dense 

and inexpensive. It would have the additional advantages of being nonvolatile and radiation-

resistant. Data would not be lost if the power failed unexpectedly [15, 16], and the device would 

continue to function in the presence of ionizing radiation, making it useful for space and defence 

applications. GMR-based MRAMs have been developed for aerospace applications, primarily 

because of their radiation hardness. 

5) In extremely small sizes: 

One exciting aspect of GMR devices is their extremely small size. Currently computer 

and electronics manufacturers are struggling to shrink their devices and keep them working at 

feature sizes of about 0.5 mm. Operating GMR-based devices are already 50 times smaller than 

that, and they tend to work better at smaller sizes [16]. It has shrunk the size of hard disks found 

in computers, i pods and other digital devices. 

6) In Biochips: 

A particular interesting application of GMR is the use in biochips. Here magnetic 

particles are coated with a suitable antibody that will only bind to a specific analyte such as 

virus, bacteria, etc. By using an array of GMR sensors individually coated with the specific 

antibody of interest, the analyte will bind to the sensor, carrying with it the magnetic particle, the 

magnetic fringing field of which will rotate the magnetization of the sensor layer and thus 

change the resistance. 

7) In industrial, commercial and military worlds:
 

a) In sensitive detectors for wheel-shaft speed such as those employed in machine speed 

controllers, automotive antilock brakes, and auto traction systems.     

b) Metal detectors and security devices. 

c) Motion and position sensors for electrical safety devices. 

d) Magnetic switches in appliance controls, intrusion alarms and proximity detectors. 

e) Current transformers or sensors for measuring d.c and a.c, power and phase. 
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f) Furthermore, suitable film-deposition processes could also permit fabrication of GMR devices 

on electronic circuit chips to produce highly integrated GMR sensors at low cost and high 

volumes for mass industrial markets.  
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Abstract: 

 The eventual fate of portability centers on multi-faceted boundaries basic to vehicle 

outflows, traveler security, and wise frameworks. Conventional materials can usually meet the 

demands indicated by the industry, as mentioned above. However, new materials are required for 

automobile components to integrate seamlessly with future intelligent systems. Nanomaterials 

appear to be the best option for vehicle body panels. These materials have better physical, 

chemical, and electrical properties than ordinary materials because their particles are on the 

nanoscale. As a result of the foregoing, automobile components can be made lighter, safer, and 

more cost-effectively. Nanomaterials have the potential to be used in automobiles for 

tribological, rheological, electrical, and optical applications. It leads to improvements. This 

article implements the study on correlation of nanotechnology with automotive industry. 

Moreover, nanotechnology plays role in every field for its advancement.  

 

Introduction: 

 Nanotechnology is gaining popularity and is being used in the realm of transportation 

vehicles. Nanomaterials can considerably improve the safety and longevity of transportation 

vehicles due to their unique physical and chemical properties. Nanotechnology is applied due to 

the physical and chemical properties of the unique materials of its products, all of which make 

significant contributions to the materials industry around the world. Nanotechnology can be 

defined as the manipulation of matter with a size of 0.1-100 nanometers [1]. The unique nano-

sized physical and chemical properties lead to great improvements in (photo) catalytic efficiency, 

optical sensitivity, mechanical strength, etc., facilitating applications such as energy storage and 

sensors. Therefore, nanotechnology contributes to the development of tools, equipment, and 

structures through controlled manipulation of shapes and sizes measured in nanometers [2, 3, 4, 

5, 6 ]. In fact, particle size plays a very important role because the properties of the material are 
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inevitably affected in the nanometer range. At nanoscale, electrostatic forces and quantum effects 

overcome gravity, which leads to improved material properties. The nanotechnology revolution 

has had epoch-making impacts in various fields such as chemistry, biology, and engineering [7, 

8, 9, 10]. The number of applications of nanotechnology is increasing due to its excellent 

performance in various fields such as biomedicine, robotics, electronics, automobiles, and 

construction (including transportation) [11, 12, 13, 14, 15, 16, 17]. Recently, nanotechnology has 

been widely used in the transport vehicle industry to provide new features and improve vehicle 

performance [18, 19]. The application of nanomaterials to vehicles can provide better strength 

and durability performance compared to traditional materials. Nanotechnology can provide new 

methods or tools for controlling or changing the structure and properties to achieve better 

performance [20, 21, 22]. Due to their specific properties, nanomaterials have the potential to 

increase vehicle safety for specific safety and longevity of vehicles (automobiles, aerospace, and 

oceans) [23, 24, 25]. In addition, a variety of nanomaterials, such as nanopowder and 

nanocoating, are increasingly being used to make low-cost and efficient vehicles. 

 In the transportation industry, coatings dominate nanotechnology applications, and 

optimal nanomaterial selection can significantly improve coating sustainability  [18]. The main 

goal of applying nanotechnology is to create safe and sustainable means of transportation around 

the world. In modern transportation, new intelligent, fast and efficient vehicles cannot be 

imagined without applying nanotechnology such as lightweight nanomaterials, scratch-resistant 

paints and nanoliquids. However, some studies [26, 27, 28, 29, 30] have found that the 

application of nanomaterials has some potential problems, such as toxicity and exposure that can 

threaten biological and environmental hygiene. It shows that needed to mitigate these risks. From 

the perspective of the application of nanotechnology to transport vehicles, various topics in the 

field of application of nanotechnology to vehicles have been identified [18, 22, 31]. A recent 

literature review [18,25] summarizes the potential benefits of nanotechnology in transport 

vehicles, but there are various environmental and safety concerns associated with the application 

of nanotechnology [32,33, 34]. Nanomaterials for automotive applications aim to reduce engine 

emissions, drive safely, quiet vehicles, and self-healing bodywork, windscreens [35]. The idea of 

using nanofluids to improve coolant performance was introduced long ago [36]. As a result of 

this proposal, the thermal conductivity of liquids using nanometer-sized particles has been 

improved by 100%. Nevertheless, improvements in coolant performance may occur. Motivates 

and motivates for further improvement motor efficiency and cooling size and weight reduction 

system. 
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Applications of nanotechnology in automotive industry: 

 This section introduces nanotechnology in more detail. Applications in the automotive 

industry: weight reduction and vehicle safety, therefore fuel consumption, engine emissions, fuel 

cells, tribology aspects. 

 

Figure 1: respresenting applications of nanoparticles in automotive industry 

 

Nanomaterials for vehicle’s weight reduction, safety and fuel economy:  

 The implementation of nanotechnology in the automobile sector results in lighter car 

bodywork without sacrificing rigidity or crash resistance, which implies less material and, 

therefore, less weight usage of fuel Nanocomposites made of a variety of metals combining a 

metal or ceramic matrix material with a plastic matrix. Nanoparticles or nanoplatelets can 

increase the strength of a material by a factor of ten hundred percent. A continuous glass fibre 

reinforced sandwich composite for lightweight horizontal body panels is one of the plastics used 

in the Volt. The Tesla sport car has lightweight carbon fiber/epoxy composite tanks and a sink 

with a high power-to-weight ratio. Lotus has also produced the new Evora sport model, which 

features a largely aluminium chassis, a composite roof, and stressed composite body panels, all 

of which contribute to the car's high rigidity. One of the most essential design characteristics that 

has a direct association with fuel consumption rate is vehicle mass. Advanced nanotechnologies 

applications enable lightweight component installation, resulting in vehicle weight savings. 
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Through the use of composites and hybrid solutions, the typical 900 kg of steel and other metals 

in cars can be decreased by up to 300 kg. The widespread use of thermoplastic compounds in the 

automotive industry has created new issues. In the Golf Plus' dashboard, Volkswagen employs 

Celstran ®+, a long-fiber-reinforced thermoplastic (LFRT) that eliminates metal and processing 

stages, resulting in an 8-kg weight reduction and cheaper production costs. RTP Company has 

announced the commercialization of polypropylene LFRT for automotive applications. This 

impregnated concentration contains 60 percent very long glass fibre reinforcement and additives 

in a single pellet, allowing it to be used in a variety of applications. Because fuel accounts for 

around 90% of an automobile's overall energy consumption over its lifetime, weight loss has the 

potential to save a lot of energy. Vehicle owners and the automotive sector will benefit from the 

savings. Part and system strengthening at the nanoscale should be possible design of cost-

effective polymer composites metals and plastics with other polymers, and eventually replace 

metals and plastics. As a result, the automobile sector will be able to acquire more market share a 

leading position in the development of more fuel-efficient, higher-quality vehicles cars that are 

long-lasting. Nanocomposites are also used for development hybrid composite. This has been 

shown by the latest research uses low density composite for one part molded parts of the trunk  

can reduce mass by up to 50% .17 green resin, 30% recycled and  renewable materials are being 

developed for the automotive industry application.  

Applications to engines and catalysts for automotive emissions cleaning:  

 2009 New Average CO2 Emission Limits for Passengers. Passenger cars have been 

introduced in the European Union, requiring a gradual reduction in average CO2 emissions to 

130 g / km 2015 [37]. In addition to lightweight vehicles, tire rolling resistance, engine 

efficiency, and catalysts are needed to meet European emission targets. Application of 

nanotechnology to create something new engines and drive trains require optimization of thermal 

and mechanical efficiency. This is possible with use of excellent strength heat resistance. In the 

future, engine injectors will have a thin diamond-like carbon coating. Therefore, wear resistance 

is improved [38]. For the past few decades, the development of heterogeneous catalysis has been 

important to reduce emissions from vehicle engine combustion. Improved catalysis using 

catalytically active nanoparticles porous carrier materials with very large surface areas are, for 

example, emission control for cars. Porous nanocomposites are associated with use as 

contaminant filters that act mechanically and / or catalytically [39]. The reaction suppresses the 

release of soot particles and toxic substances gas. 
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Nanomaterials applications to energy efficiency and fuel cells: 

 Due better nanomaterials, hydrogen production, storage and transform into electricity into 

fuel cells being improved with efficient catalysts for water splitting, better nanoowur materials 

for higher hydrogenation and capacity cheaper/sympler fuel cells. Solar cells on the vehicle roof 

are already an option. One idea may be the use of complete the body as a solar cell. Various 

nanocomposites appeared, such neither a photovoltaic paint composed of dye-sensed YouO2 

nanopartic embedded in an electrolyte or a flexi buy thin film semiconductor cell nanolayers, but 

polymer cells either with carbon bucky balls or with semiconductor nano-rods. Fuel cell is 

considered the engine of the future with hydrogen as the energy carrier. Nanotechnology can 

help improve fuel injection and improve hydrogen storage, cell electrode and proton exchange 

membrane (PEM). Efficient formation of aerosols in the methanol reformer, but also the fuel in 

traditional internal combustion engine, can be achieved by array of nanojets. High pressure 

injection with nanojets reduces losses due to surface tension. Porous compound such as irregular 

nanopore foam could improve fuel cell subcomponents. In the long run, fossil fuel engines could 

be replaced by direct combustion (BMW homepage) or fuel cell (Toyota, GM) hydrogen engines 

and DaimlerChrysler homepage). Efficient storage to reduce it, a hydrogen environment is 

required tank volume up to 10% of conventional hydrogen pressure tanks. Future development of 

new models of electric vehicles depends heavily on promotion service life, fast charging and 

bigger battery [40]. Promising electrochemical properties, including good kinetics and cycling 

stability, have aroused the interest of researchers in the following fields: Nanomaterials. 

Ultracapacitors are more repeatable compared to conventional batteries. It can withstand cycles 

for years without deterioration in cold weather, shock and vibration [41]. 

Nano-in-Tribology: improvement of tribological aspects in automotive industry:  

 Brake squeal is a widely recognized hassle resulting from dynamic instability in vehicles, 

that's stimulated with the aid of using its instability of its shape and small disturbance because of 

the variation in friction force. The overall performance of the brake substances, much less brake 

squeal, primarily based totally on their molecular dynamic method and experimental validations. 

In recent years, brake effectiveness, as a part of brake overall performance is required for car 

safety. It is likewise affecting the comfort factor. Using nanomaterials in designing new brake 

fabric has proven to growth the brake`s existence time and reduce the brake squeal. Nanocoating 

for engine application in automotive industry is another field nanotechnology which has attracted 

great deal attentions. Issues such as tribolgical behavior, lubrications, coefficient of friction, hot 

hardness, surface roughness and topography, residual stress, adherence, damage tolerance and 



Bhumi Publishing, India 

50 
 

resistance and so much more have been investigating by number of investigators. Advantages of 

conventional materials and their limitations and techniques such as chemical–vapor–deposition 

diamond like carbon (DLC) coating, plasma sprayed metal matrix composite coating, 

tribologically functional ceramic coatings etc. Mechanical friction is another concern in attempts 

to reduce friction and wear. Piston system in cars is major contributor to engine friction. 

Nanoparticles or nanocrystals made of metals, semiconductors, or oxides are of particular 

interest. In PVC coating in automotive industry applications, nanoparticles are of great scientific 

interest as they are effectively bridging the properties between bulk materials and atomic or 

molecular structure. By averting the liners in automotive engine, the engine dimension reduces 

significantly. About 1 kg per engine easily can be saved according to Ebisawa and Rao, which 

helps in reduction of the overall engine dimension [42–44]. It is important to remember that each 

and every kilogram reduction of payload is essentially important for fuel efficiency.  According 

to US Department of Energy, 31100 kg reduction in a vehicle weighted about 1100 kg would 

affect  the fuel economy by 7%. Considering the life time of an average vehicle this reduction is 

significant. Many of these goals can be achieved using nanomaterials. The cars, aircraft and 

other engines of the future will go a long way to solve the energy crisis. 

 

Conclusion: 

 Nanomaterials have been used in automotive applications for safety and to reduce energy 

consumption. It should be emphasized that this is a vehicle. Weight reduction is a balanced result 

between the use of nanomaterials and the use of structures made from low density material. 

Nanotechnology will enable more efficient use. It uses materials as well as energy to reduce 

waste and pollution. Nanomaterials have been used in automotive applications for safety and to 

reduce energy consumption. It should be emphasized that this is a vehicle weight reduction is a 

balanced result between the use of nanomaterials and the use of structures made from low 

density material. Nanotechnology will enable more efficient use. It uses materials as well as 

energy to reduce waste and pollution. 
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Abstract: 

 As in this era of nanotechnology and nanoscience, nanoparticles are used as specific 

targeting of drug. Nanoparticles are small particles containing their unique and important 

features, their fine size of particle ranges from 100 and 2500 nanometers, while ultrafine size 

particle ranges between 1 and 100 nanometers.This research field is currently the most widely 

used field. Now a days, nanotechnology has emerged as a promising technology for innovative 

drug delivery. They are also used as a chemotherapeutic agent in the treatment of cancer by 

improving cellular absorption with minimal side effects. SLN are currently in trends for 

enhancing the bioavailability of some drugs. There are number of approaches for the formulation 

of SLN like solvent evaporation method, Homogenization, Precipitation technique, Spray- 

drying techniques etc. 

Keywords: Nanoparticles, Bioavailability, Targeted delivery, SLN 

 

Introduction: 

 Researchers are increasingly interested in developing novel medicine delivery systems. 

Maximum drug bioavailability, tissue targeting, controlled release kinetics, minimal immune 

reaction, ease of administration, and successful distribution of previously challenging medicines 

such as lipophiles, amphiphiles, and biomolecules are all goals of innovative drug delivery. 

 In the medical field, nanotechnology has emerged as a promising technology. Norio 

Taniguchi of Tokyo University coined the word "nanotechnology" in 1974 to characterize the 

precision manufacturing of materials with nanoscale tolerances. Nanomedicine is a new type of 

treatment that focuses on alternate drug delivery and increasing therapeutic efficacy while 

reducing harmful side effects to normal tissues. Nanotechnology's development during the last 

35 years has opened up various new avenues in medical science, particularly in the realm of drug 

delivery. 
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 Paul Ehrlich coined the term chemotherapy in 1907, originally to apply to 

antiparasitic therapy, but it has now come to refer to the use of any chemical agent that 

specifically works on microorganisms or tumours. Chemotherapeutic agents and cytotoxic 

agents are terms used to describe the medications used in chemotherapy. Antineoplastic 

chemotherapy resistance is a combination of tumour and host characteristics in which the 

treatment is ineffective in treating the tumour without causing severe harm. The challenge 

for a medical oncologist is to find a cytotoxic drug that selectively kills neoplastic cells while 

leaving the critical host cells and their functions unharmed. One of the most serious issues 

with cancer treatment is natural or acquired resistance.There are three basiccategories of 

resistance to chemotherapy: kinetic, biochemical, and pharmacologic. 

Potential benefits of nanomedicine in cancer therapy: 

 Cancer nanotechnology is a new interdisciplinary study topic aimed at advancing cancer 

diagnosis and treatment through the integration of chemistry, biology, engineering, and 

medicine. Since the application of nanotechnology to the imaging of gliomas was proposed, the 

use of nano-devices in the diagnosis and treatment of brain cancers has grown rapidly. 

 One of the possible benefits of integrating anticancer drugs into nanoparticles is that it 

can improve their cellular absorption by avoiding multidrug resistance mechanisms. Because of a 

particular feature of solid tumours, they are also good tumor-targeting vehicles. Numerous solid 

tumors develop with fenestrated vasculature and inadequate lymphatic drainage as a result of 

their fast growth, resulting in an enhanced permeability and retention (EPR) effect. This permits 

nanoparticles to clump together at the tumor's location. Drugs can be protected by nanoparticles 

from fast metabolism and elimination. They can also be designed to avoid nonspecific 

recognition and distribution, such as uptake by the reticuloendothelial system, which leads to 

longer circulating nanoparticles in the body, allowing them to eventually reach the tumour 

vasculature, where they specifically extravasate through the fenestrated capillaries, guided by the 

EPR effect, to accumulate drugs at the tumour mass. 

 The lack of safe polymers with regulatory permission, as well as their exorbitant cost, has 

hampered the widespread use of nanoparticles in clinical treatment. 

Introduction to solid lipid nanoparticles: 

 One of the most difficult study areas in pharmaceutical sciences is delivering a 

therapeutic molecule to specific organ sites. By inventing colloidal delivery methods such as 

liposomes, micelles, and nanoparticles, new frontiers for enhancing drug delivery have emerged. 

Nanoparticles have significant advantages over alternative delivery systems due to their unique 

qualities of small particle size, huge surface area, and the capacity to change surface properties. 
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Nanoparticles are solid colloidal particles with a diameter ranging from 10 to 1000 nm (1.0 m) in 

which active principles (drugs or physiologically active materials) are dissolved, entrapped, 

and/or absorbed or adhered to. 

 Nanotechnology for drug delivery has received a lot of attention in recent years since it 

provides a good way to deliver small molecular weight medications as well as macromolecules 

like proteins, peptides, and DNA to cells and tissues while preventing enzymatic destruction. 

Nanoparticles as drug delivery systems have the advantages of being biodegradable, non-toxic, 

and able to be kept for longer periods of time due to their increased stability. 

 Solid lipid nanoparticles (SLN) have been investigated as an alternate drug delivery 

technique to colloidal drug delivery systems such lipid emulsions, liposomes, and polymeric 

nanoparticles for over a decade. SLN combines the benefits of many colloidal carriers while 

avoiding some of their drawbacks. SLN can be used to increase the bioavailability of 

medications like cyclosporine A and to give lipophilic pharmaceuticals like camptothecin a 

longer half-life. 

Figure 1: Structure of solid lipid nanoparticle (SLN) 

 

 Solid lipid nanoparticles (SLN) are aqueous colloidal dispersions with solid 

biodegradable lipids as the matrix. SLNs combine the benefits of numerous colloidal carriers in 

their class while avoiding the disadvantages, such as physical stability, protection of integrated 

labile medicines from degradation, controlled release, and great tolerability. In vitro and in vivo 

testing of SLN formulations for several application routes (parenteral, oral, ophthalmic, 

pulmonary, and rectal) has been completed. 

Advantages of SLN: 

 Avoidance of organic solvents in production procedures and use of biodegradable 

physiological lipids to reduce the risk of acute and chronic toxicity. 

 Bioavailability of weakly water soluble compounds has been improved. 

 Enhanced drug penetration into the skin by dermal application, with site-specific drug 

delivery. 
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 Scalability is a possibility. 

 It is possible to include lipophilic and hydrophilic medicines. 

 Chemically labile compounds are protected from degradation in the gut, and sensitive 

molecules are protected from the outside environment. 

 When compared to liposomes, SLNs are more stable. 

 Enhanced the bioavailability of entrapped bioactives as well as the chemical synthesis of 

labile integrated compounds. 

 It was possible to achieve a high concentration of functional chemical. 

 Lyophilization is a possibility. 

Disadvantages of SLN: 

 Drug loading capacity is insufficient 

 Drug ejection during storage due to polymeric transformation 

 Dispersions with a high water content (70-99.9 percent ) 

Techniques of preparation: 

 Solid lipid, emulsifier, and water are the main constituents. Triglycerides (e.g. tristearin), 

partial glycerides, fatty acids (e.g. Stearic acid), steroids (e.g. cholesterol), and waxes are all 

examples of lipids (e.g. cetyl palmitate). 

 The numerous approaches used to make solid lipid nanoparticles are as follows: 

1. Homogenization under high pressure 

 a) Hot homogenization 

  b) Cold homogenization 

2. Ultrasonic/high speed homogenization  

 a) Probe Ultrasonication  

 b) Bath Ultrasonication  

3. Solvent evaporation method  

4. Solvent emulsification-diffusion method  

5. Microemulsion based method  

6. Spray drying method  

7. Precipitation technique 

High pressure homogenization (HPH) 

a) Hot homogenization: It carried out at a temperature over the lipid‘s melting point, and so can 

be considered emulsion homogenization. A high-shear mixing mechanism creates a pre-emulsion 

of the drug loaded lipid melt and the aqueous emulsifier phase (at the same temperature). HPH of 
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the preemulsion is done at temperatures over the lipid's melting point. High temperature, on the 

other hand, hasten the deterioration of both the medicine and the carrier. Due to the high 

kinetic energy of the particles, increasing the homogenization pressure or the number of cycles 

frequently results in an increase in particle size.  

 

Figure 2: Solid lipid nanoparticles preparation by hot homogenization process 

b) Cold homogenization: Cold homogenization was formulated to overcome a number of issues 

associated with hot homogenization, including temperature-induced drug degradation, drug 

distribution into the aqueous phase during homogenization, and the complexity of the nano 

emulsion crystallization step, which leads to multiple modifications and/or super cooled melts.  

 

Figure 3: Solid lipid nanoparticles preparation by cold homogenization process 
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 This method involves cooling a drug containing lipid melt, grinding the solid lipid into 

lipid microparticles, and dispersing the lipid microparticles in a cold surfactant solution to 

produce a pre-suspension. Then, at or below room temperature, the pre-suspension is 

homogenised, and the gravitational force is powerful enough to shatter the lipid microparticles 

directly into solid lipid nanoparticles. 

Advatages: 

 Low initial investment 

 Demonstrated at lab size. 

Disadvantages 

 Process that uses a lot of energy. 

 Damage to biomolecules was demonstrated on a lab scale. 

 Polydisperse distributions are a type of polydisperse distribution. 

 Scalability is unknown. 

Ultrasonication/high speed homogenization 

 Ultrasonication or high-speed homogenization procedures are also used to make SLNs. 

Smaller particle sizes necessitate a mix of ultrasonication and high-speed homogenization. 

Advantages:  

 Reduced shearstress 

Disadvantages:  

 Potential metal contamination and physical instability like particle growth upon storage. 

Solvent evaporation: 

 Solvent evaporation can also be used to make SLNs. The lipophilic substance is dissolved 

in a water-insoluble organic solvent (for example, cyclohexane) and emulsified in an aqueous 

phase. 

 Nanoparticles dispersion is created by precipitation of the lipid in the aqueous medium 

following the evaporation of the solvent, yielding nanoparticles with a mean size of 25 nm. High 

pressure homogenization was used to emulsify the solution in an aqueous phase. Evaporation 

under lower pressure was used to remove the organic solvent from the emulsion (40-60 mbar). 

Advantages: 

 Scalable 

 Maturetechnology 

 ContinuousProcess 

 Commerciallydemonstrated 
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Disadvantages: 

 Extremelyenergyintensiveprocess 

 Polydispersedistributions 

 Biomoleculedamage 

Solvent emulsification-diffusion method 

 This process may produce particles with average sizes of 30-100 nm. The most 

significant benefit of this technique is the absence of heat throughout the preparation. 

 

Figure 4: Systematic representation for emulsification-diffusion method 

 

Microemulsion based method: 

   

Figure 5: Microemulsion method 

 

 The dilution of microemulsions is used in this approach. They're manufactured by stirring 

an optically clear mixture of a low melting fatty acid (e.g. Stearic acid), an emulsifier (e.g. 
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Polysorbate 20), co-emulsifiers (e.g. butanol), and water at 65-70 ° C.. Under stirring, the hot 

microemulsion is disseminated in cold water (2-3
o
C). The SLN dispersion can be used as a 

granulation fluid for moving solid products (tablets, pellets) through the granulation process, 

however too much water must be eliminated in the case of low particle content. Rapid lipid 

crystallisation and aggregation are aided by high-temperature gradients. When compared to 

HPH-based formulations, achievable lipid levels are significantly lower due to the dilution stage. 

Advantages: 

 Lowmechanicalenergyinput 

 Theoreticalstability 

Disadvantages 

 Extremelysensitivetochange 

 Laborintensiveformulationwork 

 Lownanoparticleconcentrations 

Spray drying method: 

 It's a procedure that's different from lyophilization. This suggests using lipids with a 

melting point greater than 70oC. The best results were obtained using a 1% SLN concentration in 

a trehalose in water solution or a 20% trehalose in ethanol-water mixture. 

Precipitation method 

 The glycerides are dissolved in an organic solvent (such as chloroform) and emulsified in 

an aqueous phase. The lipid will precipitate when the organic solvent has evaporated, creating 

nanoparticles. 

Characterization of solid lipid nanoparticles (SLNs): 

SEM and TEM: 

 They're used to assess the shape and size of SLNs, as well as obtain morphological data 

about the drug delivery system under investigation. SEM includes using a concentrated electron 

beam to impart conductivity to produced particles in vacuum. ESEM can be used to study moist 

samples in any situation. The morphology of particles suspended in liquids is investigated using 

TEM. TEM analysis revealed that NS has a consistent spherical shape and size. Even after drug 

encapsulation into the SLNs, the form and size of the produced SLNs remained unaltered. 

Zeta Potential: 

 Surface charge is measured by the zeta potential. Zeta-sizer can be used to determine the 

surface charge of SLNs. The parameter that determines body distribution and interaction with the 

biological environment is surface charge. 
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Powder X-ray diffraction (P-XRD): 

 Chemical decomposition and complex creation can be determined using diffraction 

peaks. The diffraction patterns of the drug change as a result of the complex formation with 

SLNs, as does the crystalline character of the drug. As a function of scattering angle, the 

sample's XRD pattern is determined. The sharpening of existing peaks, the 

appearance/disappearance of a few new peaks, and the shifting of specific peaks are all effects of 

complex development. 

Differential scanning calorimetry (DSC): 

 The interaction pattern, crystallinity, and nature of the produced SLNs are evaluated 

using thermal investigations performed using a DSC equipment. When the melting peak 

corresponding to the drug is not visible in the DSC thermograms of the complexes, it indicates 

that the drug is no longer crystalline and validates its interaction with the SLNs structure. 

Fourier transform-infrared spectroscopy (FT-IR): 

 It has been used to see if there are any functional groupings present. The presence of 

functional group peaks in the FT-IR spectra after polymer synthesis indicates the creation of 

bonds between two monomer units of the polymer. A vibrational spectrum for a crystalline 

structure is generated using FTIR. To better understand the interaction, FT-IR spectra of dried 

SLNs, pure drug, and drug loaded SLNs were obtained. 

 

References: 

1. Daniela Chirio, Marina Gallarate, Elena Peira, Luigi Battaglia, et.al‖Formulation of 

curcumin-loaded solid lipid nanoparticles produced by fatty acids coacervation technique‖, 

Journal of Microencapsulation (2011) 537-548. 

2. Vandita Kakkar, Indu Pal Kaur, et.al ―Curcumin loaded solid lipid nanoparticles: An 

efficient formulation approach for cereb ral ischemic reperfusion injury in rats‖, European 

Journal of Pharmaceutics and Biopharmaceutics, 85(2013) 339-345. 

3. Xiao-Ying ying, Yong-Zhong Du, et.al ―Solid lipid nanoparticles modified with chitosan 

oligosaccharides for the controlled release of doxorubicin‖ Carbohydrate Polymers 

84(2011) 1357-1364. 

4. Clara B. Fernandes, Vandana B. Patravale, et.al Solid Lipid Nanoparticles of Etoposide 

using solvent emulsification diffusion technique for parenteral administration‖ 

International Journal of Pharm Bioscience and Technology; volume 1, Issue 1, may 2013, 

pg 27-33 



Bhumi Publishing, India 

64 
 

5. M. Verreault, D. Strutt, et.al ―Irinophone C
TM

, a lipid-based nanoparticulate formulation of 

irrinotecan, is more effective than free irrinotecan when used to treat an orthotopic 

glioblastoma model‖ 158(2012) 34-43. 

6. J Chen, WT Dai, et.al ―Fabrication and evaluation of curcumin-loaded nanoparticles based 

on solid-lipid as a new type of colloidal drug delivery‖ Indian Journal of Pharmaceutical 

Sciences (2013) Vol 75. 

7. Aniulda Guri, Ibrahim Gulseren, et.al ―Utilization of solid lipid nanoparticles for enhanced 

delivery of curcumin in cocultures of HT29-MTX and Caco-2 cells‖ Food and Functions, 

(2013). 

8. Ho Lun Wong, Reina Bendayan, Xiao Yu Wu, et.al ―Chemotherapy with anticancer drugs 

encapsulated in solid lipid nanoparticles‖ Advanced Drug Delivery Reviews 59 (2007) 491 

– 504. 

9. Ashay Jain, Govind P.Agrawal, et.al ―Mannosyalated solid lipid nanoparticles as vectors 

for site-specific delivery of an anti-cancer drug‖ Journal of Controlled Release 148 

(2010),359-367. 

10. L.G. Souza, R.N. Marreto, E.J. Silva, et.al ―Development of topotecan loaded lipid 

nanoparticles for chemical stabilization and prolonged release‖ European Journal 

of Pharmaceutics and Biopharmaceutics 79 (2011) 189-196. 

11. Yong Hee Yu, Yu-Kyoung Oh, et.al ―Cationic solid lipid nanoparticles for co-delivery of 

paclitaxel and siRNA‖ European Journal of Pharmaceutics and Biopharmaceutics 80 

(2012) 268-273. 

12. Vinay Kumar Venishetty, PhD, Rojarani Komuravelli, et.al ―Increased brain uptake of 

docetaxel and ketoconazole loaded folate-grafted solid lipid nanoparticles‖ Nanomedicine: 

Nanotechnology, Biology, and Medicine 9 (2013) 111-121. 

13. Samuel Vidal Mussi, Lucas Antonio Miranda Ferreira, et.al ―New approach to improve 

encapsulation and antitumor activity of doxorubicin loaded in solid lopid nanoparticles‖ 

European Journal of Pharmaceutical Sciences 48 (2013) 282-290. 

14. Susana M. Martins, Bruno Sarmento, et.al ―Brain targeting effect of camptothecin-loaded 

solid lipid nanoparticles in rat after intravenous administration‖ European Journal of 

Pharmaceutics and Biopharmaceutics 85 (2013) 488-502. 

15. Zara GP, Bargoni A, et.al ―Pharmacokinetics and tissue distribution of idarubicin-loaded 

solid lipid nanoparticles after duodenal administration to rats‖ J Pharm Sci. 2002 May;91 

(5): 1324-33. 



Advances in Material Science Volume II 

    (ISBN: 978-93-91768-91-1) 

 

65 
 

16. Rahul Nair, K. S. Arun Kumar, et.al ―Preparation and Characterization of Rizatriptan 

Loaded Solid Lipid Nanoparticles‖ J Biomed Sci and Res, vol 3 (2), 2011, 392-396. 

17. Zhenghong Xu, Xaping Li, et.al ―The performance of docetaxel-loaded solid lipid 

nanoparticles targeted to hepatocellular carcinoma‖ Biomaterials 30 (2009) 226-232. 

18. Lipeng Qeu, Lei Yang, Hui Zhou, et.al ―Encapsulation of oxaliplatin in nanostructured 

lipid carriers-preparation, physicochemical characterization and in vitro evaluation‖ Asian 

Journal of Pharmaceutical Sciences 2012, 7(5): 352-358. 

19. Puneet Sharma, Sanjay Garg, et.al ―Formulation and pharmacokinetics of lipid 

nanoparticles of a chemically sensitive nitrogen mustard derivative: Chlorambucil‖ 

International Journal of Pharmaceutics 367 (2009) 187-194. 

20. Xin-Hua Tian, Xiao-Ning Lin, et.al ―Enhanced brain targeting of temozolomide in 

Polysorbate-80 coated polybutylcyanoacrylate nanoparticles‖ International Journal of 

Nanomedicine, 2011; 6 445-452. 

21. N. Mosallaei, B. Malaekeh-Nikouei, et.al ―Preparation, characterization nd in vitro 

evaluation of docetaxel loaded solid lipid nanoparticles‖ Research in Pharmaceutical 

Sciences, 2012; 7(5). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Bhumi Publishing, India 

66 
 

TRANSDERMAL DRUG DELIVERY SYSTEM – A SYSTEMATIC APPROACH 

R. Karthikeyan*, Binoy Varghese Cheriyan and K. Lakshmi 

Chettinad School of Pharmaceutical Sciences, 

Chettinad Academy of Research and Education,  

Kelambakkam – 603103 Chengalpattu, Tamil Nadu, India 

*Corresponding author E-mail: professorrkn@gmail.com 

 

 

Abstract: 

 The transdermal drug delivery system is to transfer drugs at a fundamental flow to the 

skin through the skin at a predetermined rate with little burial and intraper stable diversity.  

Transdermal transport is currently one of the most encouraging drug strategies. This reduces the 

amount that an oral course usually injects into the tract associated with the stomach and liver. It 

improves ongoing adherence and limits the ill effects of drugs caused by short-term over-supply, 

and is convenient for transdermal drugs that require decent use. This chapter paves a clear 

approach of transdermal drug delivery system development, types available for delivery of 

different kinds of drugs and applications of them in drug delivery approaches through them. 

 

Introduction: 

 Over the past few years, in just a few years, enthusiasm has been built to promote new 

drug delivery structures for existing drug particles. The development of a new transport structure 

for existing drug atoms not only improves the effect of the drug in terms of viability and safety, 

but also improves the constant sequence and overall recovery advantage to a critical degree 

(Jalwal et al., 2010). The transdermal drug delivery system (TDDS) is characterized by discrete 

and independent dose structures, also called ―patches‖ (Bhowmik et al., 2011; Kumar et al., 

2010), when patches are applied to perfect skin, transport the drug through the skin at a 

controlled speed main stream (Divya et al., 2012). TDDS are dosage structures designed to 

deliver a restorative, convincing measure of medication to the patient‘s skin (Jain et al., 2001) 

 The main objective of the transdermal drug delivery system is to transfer drugs at a 

fundamental flow to the skin through the skin at a predetermined rate with little burial and 

intraperstable diversity.  Transdermal transport is currently one of the most encouraging drug 

strategies (Rani et al., 2012). This reduces the amount that an oral course usually injects into the 

tract associated with the stomach and liver. It improves ongoing adherence and limits the ill 
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effects of drugs caused by short-term over-supply, and is convenient for transdermal drugs that 

require decent use (Dhawan et al., 2009). 

 The primary transdermal base, Transderm SCOP, was approved by the FDA in 1979 to 

anticipate dizziness and arousal associated with movement. Most transdermal patches are 

designed for dynamic fixation at a zero-application rate for a period of time from several hours to 

several days after application to the skin. This is especially useful for prophylactic treatment in 

endless conditions (Mehta et al., 2004). Evidence of percutaneous drug retention can be detected 

through measurable blood levels of the drug, noticeable excretion of the drug and its metabolites 

in the urine, and also through the patient's clinical response to treatment with controlled drugs 

(Loyd et al., 2005). 

 The beneficial transdermal framework is characterized by a discrete and independent 

dose structure, which, when applied flawlessly to the skin, transfers the drug through the flawless 

skin at an adjustable rate to the main stream and supports the fixation of the drug in the recovery 

window for a delayed period of time. Recently, the use of transdermal patches for 

pharmaceutical preparations has been limited due to the fact that it has been shown that several 

individual drugs are successfully transferred through the skin to achieve the goal of the main 

drug by topical application to a flawless skin surface. Over the past few years, enthusiasm for 

developing new drug delivery systems for existing drug atoms has not recovered (Rihan et al., 

2015). 

 The development of a new transport structure for existing drug particles not only 

improves the effect of the drug in terms of physical fitness and well-being, but also improves the 

persistent consistency and overall recovery advantage to a critical degree (Pawan). et al., 2010). 

With the right structure and design for a specific drug, the new transport structure can overcome 

obvious obstacles associated with typical transport strategies, for example, drugs that experience 

incomplete or complete damage before they reach the site of action, can be transferred from a 

feasible method with improved bioavailability using new ideas for a planned or pulsating 

discharge, or gastro-safe transport 

 Transdermal transport suggests an attractive option as opposed to oral drug transport, and 

is also prepared to offer an option as opposed to subcutaneous infusion (Guy et al., 2003; 

Bronaugh et al., 2005). For many years, people have applied substances to the skin to achieve a 

restorative effect, and in modern times various thematic plans have been developed for the 

treatment of immediate signs. The primary transdermal base for main transport, a three-day 
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solution for transporting scopolamine for the treatment of stroke, was approved for use in the 

United States in 1979. After 10 years, nicotine patches became the first. 

 In addition, systemic changes are not infiltrative and can be restricted in nature. They can 

leave in a lot of time (up to several weeks). They improve longevity against safety and take the 

job is usually cheaper. Another area of illicit gov is the exchange of antibodies (Glenn et al., 

2006). Transdermal vaccines lead to a safer response by focusing on the conversion of skin into 

Logenhans cells, even at the hypodermic level. Considering the position outside the patches and 

the patient's command, it is similar to creating a customization or replacement that affects the 

control scheme. The reported pain removal is recommended in the United States, and it uses 

fentanyl (iontophoresis), which is controlled by force, to eliminate the harm. 

Four major transdermal systems: 

Single–layer drug in–adhesive 

 The glue layer of the frame also includes a drug. And in this way should amend his ways, 

and not only to the orders of kelp at the same time it follows from the other offices of the glue 

and spread it in the net, is also guilty of a drug, as also the frame to cover all the skin. The glue 

layer is surrounded by permanent primary and sponsorship. 

Multi-layer sedate in cement  

 The multi-layered society is like the most perfect in one-frame is now in order, glue, and 

even then he responsible for the drug. In any case, it has another layer of cement is unique in 

medicine, that is typically a homogeneous lot of people. This training has permanent and 

continuous support for clinical coat. 

Medication repository in-glue  

 The lake of transdermal drug in the frame of the world hath he any other layer. The drug 

contains a layer of fluid into the cell arrangement drug or suspension sponsorship with isolated 

layer. In such a framework, the discharge rate is zero demand. 

Medication framework in-glue  

 This semi-solid frame has a duration of clinical need players arrangement comprises a 

drug or a suspension. That bond is a layer of bacteria, most often in drug superimposed on a 

layer of fat covering it. 

Advantages of transdermal drug delivery: (Jalwal et al., 2010; Mehta et al., 2004; Yadav et 

al.,2012; Dhiman et al., 2011; Sharma et al., 2010; Sandhu et al., 2011;Rihan et al., 2015; Pawan 

et al., 2010; Ashvini et al., 2014;).  

• Enhances chemical suppression and traps based on enzymatic degradation and pH 

dependence. 
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• Prevents premature exercise. 

• Absence of plasma bacteria can reduce the risk of seizures, and these lines require high 

levels of attention. is good for transdermal drug delivery. 

• By changing the production method The amendment provides for a continuous process 

rather than in line with the valley of the chemical standard associated with oral 

medicine. 

• Immediate precautions of medication when a problem arises, such as the ability to 

reduce their risk quickly by removing them completely. 

• Protection against termination of the system. 

• Most are alert to the ward who needs to exercise once a week, a correction that we have 

with our practice to help with endurance treatment. 

• Satisfy nightmares. 

• Provide used medicine with half an hour of natural, useful windows. 

• Avoid changes in stability that will reduce heat. 

• Intercultural relationships. 

• The end of treatment is always easy. 

• Provide technical expertise. 

• They do not interfere, the burden of the parents is reduced. 

• Vegetable production is expanded with a shorter period of time by selling medicines in 

return and preservation methods. 

• One of the preferred options for patients is not shy or retarded. 

• Transdermal patches are a great way to get rid of what the stomach has to offer, not 

much to the worm, or to damage the liver. 

• Transdermal patches are financially unstable. 

• Transdermal path transduction is a wonderful option if transdermal therapy is effective 

and safe. Essentials to soothe the skin provide its essential ingredients: 

• Transdermal therapies require continued use of medications for a period of time, to 

avoid adverse signs and open prescriptions of medications that are used in combination 

with impotent vaccines. 

• The coordination program required for patients who are unable to perform the 

combination of oral conditions, for example. 

• Avoid pre-combustion 

• Illuminate the test 
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• Verify and trust the sentences 

• Limitations of hate speech 

• Make medicines with half-life of natural, lightweight cosmetics 

• Improve vision in physical and pharmacological activities 

Stay on top of different treatment options 

• Strong and effective injection 

Keep your blood pressure clean and powerful 

• The end of treatment is always easy 

• Remaining patient due to extensive medical history 

Disadventages of transdermal drug delivery: (Dhiman et al., 2011; Sandhu et al., 2011)  

• Transdermal medicines with regular dose cannot stimulate conventional medicine. 

• Cannot reach high levels of chemicals in blood. 

• Cannot create high-atomic mass. 

• The drug cannot interact in a pulsatile manner. 

• This may not occur if the medication or plan is harmful to the skin. 

• Ability to push distance using. 

• can cause movement. 

• Precautions of proper water and odor, which keep P (octanol / water) wood in one place 

following lines 1 and 3 to be filled with varying sections of corneum and water. 

• Drug resistance may be an advantage for transdermal replacement as it is the most 

common area in the medical field due to the inability of the skin to penetrate. 

• Acceptance is a complex issue. 

• Once taken, the medication is taken unexpectedly. 

• Energy balance for transdermal transport by looking at the characteristics of end-to-end 

solutions reinforced by the skin. 

• A few patients who develop dermatitis at the site of pain from the toddler need to stop. 

• The circulatory system cannot be used for drugs that require high blood pressure 

(Saurabh et al.). 

• The use of transdermal transport may not be economical. 

• No movement and movement is required when the skin is required to deliver the 

medicine. 

• It is not possible to adjust blood pressure medication. 

• Antidepressants that can cause discomfort or improvement. 
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• Does not come down to the surface, when exposed to too much of the skin and when 

applied too much prevents the entry of fragments into the skin. 

• Not suitable for chemical, non-toxic, o / w chemicals 

• Staying is the rate of relocation from one place to another because of people of the same 

age, year after year (Nikhil et al., 2012). 

Components influencing transdermal saturation  

Natural factor: (Kumar et al., 2011; Singh et al., 2010) 

Skin conditions: 

 Perfect skin itself goes beyond the boundaries, but many operators, such as acids, salts, 

barrier cells and penetrate the skin, many solvents reveal the complex structure of the stratum 

corneum, solvents such as methanol, chloroform. removes false shunts through the drug and 

releases part of the lipid. The details can pass without difficulty. 

Skin age: 

 It is observed that the skin of adults and young people is much more accessible than the 

organized skin, but there is no sensational difference. There are also powerful steroids. , 

calcareous corrosion, hexachlorophene caused extreme symptoms. 

Blood supply: 

Changes in fringe dissemination can influence transdermal retention  

Local skin site:  

 The thickness of the skin, the nature of the epidermis and the thickness of the limbs 

move. These elements affect access. 

Skin absorption: 

 The skin is treated with steroids, hormones, carcinogens and several medications. Thus, 

skin digestion determines the viability of drugs that pass through the skin. 

Species differences:  

 Skin thickness, leg thickness, and skin keratinization vary depending on the species and 

therefore affect the site of entry. 

Physicochemical elements: (Kumar et al., 2011)  

Skin hydration:  

 When in contact with water, skin growth is significantly increased. Moisturizing is an 

important factor in expanding skin penetration. Thus, the use of a humidifier is carried out in 

transdermal conductivity. 
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Temperature and pH: 

 The prevalence of drugs increases tenfold with changes in temperature. The dispersion 

coefficient decreases with decreasing temperature. Weak acids and weak bases depend on pH 

and pKa or pKb. The level of the combined drug determines whether the drug is directed to the 

skin. Thus, temperature and pH are important components that affect drug penetration 

Dispersion coefficient:  

 Infiltration of drugs depends on the coefficient of distribution of the drug. The coefficient 

of dispersion of drugs at constant temperature depends on the properties of the drug, the 

dispersion medium and the relationship between them. 

Medication focus:  

 The action is higher than the focal tendency and is higher if the drug convergence is 

excessive. 

Parcel coefficient:  

 An ideal parcel ratio (K) is required for optimal operation. K high drugs are not ready to 

leave the ipid segment of the skin. In addition, it is impossible to take drugs with low K levels. 

Atomic size and shape: 

 Medication intake is mainly due to subtomal weight, small particles spread faster than 

large particles. 

Natural elements: (Singh et al., 2010)  

Daylight:  

 Under the influence of sunlight, parts of the blood vessels become thinner, which leads to 

minor injuries in places where there is no sunlight. Also pigmentation: The most common area of 

sun exposure is a spot or sun-focused lentigo. 

Cold Season:  

 Bring to suffer from dry skin forever. The formation of skin Reacts fat loss by increasing 

the effects of drought and copper. A good massage dry skin and help relieve the symptoms. 

Further, it shall loathe to drink plenty of water to moisturize your skin and make it look shiny. 

Air pollution; 

 The remainder will not clog pores and skin of the face and surface, and increase 

minimum of organisms, breakage or two spot on the skin. This belongs to penetrate the skin 

slices. Undetectable substances and toxins can be found everywhere inside the security system to 

determine any skin or mix with regular backup skin oils are taken to conserve moisture and 

suppleness. 
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Polymer lattice/Drug store Medication. 

 Enhancers of satiety. 

 Weight sensitive glue (hill). 

 Support coating. 

 Discharge of the liner. 

 Excipients such as plasticizers and different solvents 

Polymer lattice/Drug store  

 The middle part of the TDDS polymers. It is installed on the right or to the polymer base 

is very winds drug product. For what is more like the case of the creation of the role of the drug 

in a number of polymers, and the structure of the TDDS, and the biocompatibility, for example, 

by infiltration of enhancers. Moreover, a stronger drug must be delivered reliably and in a safe 

state planned availability of the item. Representative polymers in TDDS ordinary polymers, for 

example cellulose subordinates, which gelatin, shellac waxes, gums and Chitosan etc. Elastomers 

to be produced: for example, poly butadiene, poly isobutylene, with silicone, nitrile, acrylonitrile, 

neoprene, butyl parts of the constant, etc., Polymers to be produced: for example, polyvinyl 

liquor, polyvinylchloride, polyethylene, polypropylene, polyacrylate, polyamide, polyurea, poly 

vinyl pyrrolidone, polymethyl methacrylate, etc., 

Ongoing innovation utilized in transdermal drug delivery framework (Alexander et al., 

2012; Syeda et al., 2017)  

 Iontophoresis. 

 Agrobacterium. 

 Microneedle-based Prov 

 Already with fire 

 Needle free injection 

 laser irradiation 

 and microporation 

 A needle-free infusion 

 Segments transdermal Drug Delivery System 

Courses of medication infiltration through skin:  

 During periods of saturation through the skin, the atoms of the drug may pass through the 

epidermis or spread through the sheath, especially those recommended with separate hair 

follicles and encephalitis. In a temporary phase, soothing atoms can penetrate the skin along the 
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hair follicles or sweat ducts and are then absorbed through the follicle epidermis and fat organs. 

The defect becomes the main route through the skin, where there is a constant condition for 

propagation through the stratum corneum (Jain et al., 2002). 

Transepidermal course:  

 In transepidermal transport, atoms cross a flawless horny layer. Two potential subsets of 

bipolar and non-polar substances spread through different devices with intermediate cells and 

intermediates. Polar atoms predominantly propagate through the pole, which consists of "bound 

water" within the liquid layer, but non-polar particles propagate through the anhydrous lipid 

network of the cornea. An important path through the passage is mainly selected by the package 

factor (K log). Hydrophilic agents are placed in specific intracellular compartments, while 

lipophilic conductive materials (octanol / water logic K> 2) move the corneal layer through the 

intercellular pathway. Most particles pass through the corneal layer through two passages (Jain et 

al., 2001). 

 The principle of skin breakthrough: (Jalval et al., 2010; Dovan et al., 2009). Skin 

saturation is subject to concentrated distribution1. The skin is the densest and most quickly 

available organ of the body because a small amount of millimeters of tissue separates its surface 

from the main thin network (Dawan et al., 2009). The emergence of a restoration specialist from 

the definition used on the surface of the skin and leads to a basic spread includes multi-stage 

treatment. 

1. Distribution of the drug from the drug in the course management film. 

2. It melts inside and separates from detail. 

3. Adsorption with the cornea layer and passage through the epidermis. 

4. Receiving drugs through the delicate system of the skin papillary layer. 

5. Effect on target organs. 

6. Divide into the longest layer of the skin, corneal. 

7. Distribution of organic intermediate pathways. 

Properties that impact transdermal conveyance (Yadav et al., 2012)  

1. Bring drugs from the car 

2. Filter through the skin. 

3. Use of pharmacological reactions. 

First-generation transdermal delivery systems 

 Transdermal Conveyance Frameworks are responsible for the majority of primary 

transplants, which have been in clinical use until now. Significant advancements in Renewable 

and open source technologies have strengthened the existing floodplain of the transit market. In 
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fact, these floods reduce the risk of downstream flow of chemicals with a reasonable risk. Easy-

to-obtain results require low weight-atomic weight, lipophilic, and low efficacy. In many cases, 

their relocation is a better alternative to oral replacement because of oral health, a lower dose of 

the vaccine or a change in the content or composition. 

Second-age transdermal conveyance frameworks 

 The second step of the protocol is to improve the penetration of transdermal drugs into 

the skin. By reversing the effect of sound on the skin, (i) increasing the depth in the skin, (ii) 

providing an additional effect on the transport to the skin, and (iii) movement by penetrating 

deep into the soft tissue. 

 However, new techniques developed in this era, for example, enhanced chemotherapeutic 

tools, iontophoresis, and non-cavitational ultrasound have struggled with the similarity of 

addition by transferring across a single layer of corn, while protecting many tissues from 

infection. Accordingly, this second phase has been successful in clinical practice by improving 

small atom substitutions for restriction, treatment, enhancement, and some basic applications, 

even suggest that mutations in macromolecules have no small effect (Guy et al., 2003; Brono et 

al., 2005). 

Normal synthetic enhancers  

 Recognizing the need to create skin porosity, second generation transduction 

methodologies have significantly improved the improvement of synthetic enhancers (Williams et 

al., 2004; Smith et al., 2006). This methodology is a coherent extension of the stock of 

traditional pharmaceutical tools, because it essentially involves a new definition of structuring 

using synthetic excipients. Many viable synthetic activators incorporate amphipathic atoms 

found in the stratified stratum corneum to complicate subatomic compression or remove lipids 

using solvents and surfactants to measure nanometric lipid compression. It distorts and disrupts 

the deeply needed bilayer structure of intracellular lipids found in the stratum corneum. Many 

different formulation enhancers are contemplated, including commercially available blends and 

others which have been explicitly planned and incorporated for this reason. Liposomes, 

dendrimers and microemulsions are also used as complex enhancers with supramolecular 

structures which can increase the porosity of the skin, but further increase the solubilization of 

drugs and the administration of drugs to the skin during planning (Kogan et al., 2006; Touitou et 

al., 2007). Their supramolecular size and large blocks block their invasion into the skin and 

consequently limit their effect on the stratum corneum. These methodologies have found the 

realization of an improved delivery of certain small particles, in particular for topical 
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dermatology and orthodontic applications. Details of highly deformable liposomes are currently 

in the preliminary clinical stage of insulin administration. Pride is the use of prodrugs. Due to the 

expansion of cleavable synthetic assemblies that generally increase the lipophilicity of the drug, 

these prodrugs can facilitate the exchange of drugs through the skin. It is cultured, for example, 

by including an alkyl side chain with an enzymatically cleavable binder, such as an ester or a 

carbonate. A prodrug approach relies on the mutual bonding of two equivalents or two small 

particles that are diverse to each other due to the labile binding of the drug, which reduces 

hydrophilicity but increases subatomic weight. Is weak (Kiptoo et al., 2006). 

Iontophoresis  

 Iontophoresis has been read for the transdermal transport of motoincrease for more than a 

century, generally by applying a constant current at low voltage (Banga et al., 1998; Kalia et al., 

2004). Although skin permeability can be increased, iontophoresis provides the main electrical 

stimulus primarily for migration over the stratum corneum. Charged drugs migrate by 

electrophoresis, but lightly charged and uncharged mixtures do not contain fixed anions (such as 

keratin) in the stratum corneum but rather special polyvalent cations (such as Na +). It can be 

displaced by the electroosmotic flow of water produced by development 20. Since iontophoresis 

does not modify the skin itself, it is mainly suitable for small particles which transport energy 

and some macromolecules to thousands of daltons. 

Non-cavitational ultrasound  

 Ultrasound was initially widely known as an enhancer of skin saturation when physicists 

discovered that using sonication tests to knead a sedative in the skin would increase its 

effectiveness. Machet et al., 2002; Wu et al., 2006). Ultrasound is a repetitive weight wave that 

people can also hear. While some have speculated that the angle and sway of body weight 

associated with ultrasound work as the main driving force that transfers the drug to the skin, the 

main effect is to disrupt the lipid structure of the stratum corneum, In this way, it creates the 

impression of increasing penetration. The effects of ultrasound without cavitation on the porosity 

of the skin are most often limited to improvements in less lipophilic mixtures. The use of 

increasingly strong non-cavitation ultrasounds is not directed towards the stratum corneum and is 

limited by the associated tissue warming which can damage other tissues. Under different 

conditions, ultrasound can be used similarly to create cavitation bubble effects with different 

effects. 

Third-generation transdermal conveyance frameworks  

 The third era of transdermal transport frames is poised to have a huge effect on 

tranquilization, as it focuses on personal effects on the stratum corneum. This focus on allows a 
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greater disruption of the soil of the excited layer, and therefore a viable progressive transdermal 

transport, while ensuring other tissues. In this regard, new compound enhancers, electroporation, 

cavitation ultrasound and even later micro-needles, hot removal and microdermabrasion (Arora, 

Prausnitz and Mitragotri, 2008) have emerged to transmit macromolecules, including useful 

proteins and immunizations. , on the skin. in human clinical preaching. These advances have 

been conceived to a limited extent by the development of innovations to limit impacts on the 

stratum corneum combined with the recognition that welfare managed by limitation should make 

these increasingly energetic methodologies satisfactorily satisfactory in terms of restoration. 

Mixes of substance enhancers 

 Late research has recommended that reasonably structured mixtures of activators of 

substances can balance the trade-offs between improvement and discomfort, based on the theory 

that certain mixtures of activators are particularly strong when present in explicit pieces and 

boundaries. This methodology allows a technique to target the impacts that improve the 

penetrability of the skin in the stratum corneum, while avoiding disturbance in the deeper tissues 

where the organization of the details weakens or in any case changes. 

Biochemical enhancers  

 Recently, peptides have been inspected as improving skin porosity. In one methodology, 

the phage show was used to screen a peptide library, which yielded a corrosive peptide modified 

to 11 amino acids that extended transdermal insulin transport to diabetic rodents. Further 

examination suggested focusing on a pathway through the hair follicles. Work in one of our 

research facilities (Kim, Ludovice and Prausnitz, 2007) indicated that a characteristic pore-

forming peptide, magainin, can be used to increase skin porosity through a proposed target 

system of disruption of lipid bilayer. the stratum corneum and not in the deeper tissues (Kim, 

Ludovice and Prausnitz, 2007). Magainin was a success when used in synergistic blend with a 

surfactant activator, which satisfied the dual need to expand skin penetration to the drug, as well 

as expand the infiltration of magainin into the excited layer. Using a medial approach, 

cyclosporine was covalently linked to a polarginine-heptamer peptide that enters cells, resulting 

in a broad topical ingestion that limited inflammation of the skin (Rothbard et al., 2000). In these 

models, deeply explicit bioactivity enhanced by peptide science may allow transport through 

targeted skin courses. 

Electroporation 

 The use of high voltage short-circuit beats is remarkable as a technique for reversible 

disruption of cell layers for quality transfection and various applications. Electroporation also 
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appears to disrupt the bilayer lipid structures of the skin (Denet et al., 2004; Li et al., 2008). 

Despite the fact that the electric field applied for milliseconds during electroporation provides a 

main electrophoretic traction, the dispersion through extended electropores can persist for hours, 

the ultimate goal being that the transdermal vehicle can be extended by size requests for drugs, 

peptides, small models, antibodies. and DNA. Recently, electroporation appeared to transmit a 

peptide model antibody to the skin of mice to produce a solid cytotoxic T lymphocyte reaction 

(Zhao et al., 2006). 

Cavitational ultrasound 

 Despite being hot, ultrasound is also known to cause cavitation, which is the rupture and 

occasional rupture of the air sac in the area of ultrasonic gravity. Cavitation is simply created 

under specific conditions (e.g., low-frequency ultrasound) that are different from ultrasonic 

heating or imaging devices. The open door for the delivery of transdermal drugs is that the 

cavitation vesicles concentrate the viability of the ultrasound, thereby allowing attention to be 

paid to the effect on air pocket activity (Ogura et al., 2008). The formation of blisters gradually 

becomes difficult and vibrates within the strongly pressed tissue, cavitation occurs, especially in 

the adhesive medium between the ultrasound transducer and the skin (e.g., hydrogel). The 

traditional component of cavitation ultrasound examination is that the air sac breaks down on the 

surface of the skin, creating limited waves and coordinated micro currents of fluid in the stratum 

corneum (Palival et al., 2006). 

Microneedles  

 A theoretically clear approach to the stratum corneum, especially the perimabilized, is to 

puncture it with very short needles. Over the past decade, micro-needles have been developed to 

deliver drugs through the skin through carelessness and disruption (Sivamani et al., 2007; 

Prausnitz et al., 2008). The rigid micro-needles seem to pierce the skin easily to deliver a porous 

solution that completely removes the porosity of the skin from a mixture of fine particles, 

proteins and nanoparticles. On the other hand, sedative details are coated or typed inside micro 

needles to allow peptides to reach the skin quickly and under control. Empty micro-needles were 

used to transport insulin and antibodies by suction. 

Warm elimination 

 Heat removal heats the surface of the skin, creating microscopic perforations in the 

corneal layer. Heating the skin surface from microseconds to milliseconds for a short period of 

time to several degrees limits the movement of heat to the skin surface without allowing heat to 

build up in the subcutaneous tissue (Brahmson et al., 2003); Levin et al., 2005). This protects 

these tissues from pain or suffering. 
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 Without thinking, hot removal can involve the rapid disintegration of water in the stratum 

corneum, and the ultimate goal is to remove micron-sized pits on the skin surface for subsequent 

volumetric development. Further research suggests that temperatures above the breaking point of 

water are necessary and that different treatments, such as tissue burns, may be needed (Park, Lee, 

Kim, and Prausnitz, 2008). 

Microdermabrasion 

 The last method of removing the obstructed horny layer is to apply a microdermabrasion 

to the scratched spot or, on the other hand, mainly using sandpaper. Microdermabrasion is a 

strategy commonly used to modify and remove skin tissue for corrective purposes. This network 

system, which has little effect on sand, appears to have enhanced the effects of lidocaine and 5-

fluorouracil, which can be used in the delivery of skin medications, including transdermal drugs 

(Park, Lee, Kim, and Prausnitz, 2008). 

Skin transport of the vaccine was also stimulated by a fragmented patch of skin using Sandpaper 

Glenn et al., 2007). Animal introductory studies have shown strong reactions that have some 

immunosuppressive properties when highly regulated in a mixture of strong binders (e.g., heat-

acting enterotoxin from Escherichia coli). 

Transdermal flow and drug uptake capacity Skin: the largest organ: The skin is the largest organ 

of the human body occupying an area of about 2 m2. in addition, a 33% distribution of blood 

through the body (Jain et al., 2001). It prevents access to transdermal assimilation by various 

specialists in compounds and organics. It is one of the fastest penetrating organs of the body, its 

thickness is almost equal to a millimeter (2.97 0.28 mm), 

• Separate the main circulation from the external one. 

• Prevents physical, mixed and microbiological aggression. 

• Acts as an internal regulator to ensure the internal heat level. 

• Play the job in the pulse guide. 

Percutaneous absorption: 

 It must be passed through the cornea before using medicines that have a local or local 

effect. Skin retention is defined as the penetration of substances into different layers of the skin 

and the saturation of the skin as a fundamental distribution (Jain et al., 2002). The accumulation 

of harmful substances with drugs is particularly important in the system of dermal 

administration, and drugs must be consumed at a satisfactory level and speed to achieve the same 

basic principles and to maintain them throughout the period of use. As a rule, when a sedated 
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particle crosses the perimeter of the cornea, it divides into deeper layers of skin and is taken into 

the foundation, which is usually quick and effective (Mehta et al., 2004). 

Pervasion enhancers (Ashvini et al., 2014)  

 The sum does not add to the penetration of the stratum corneum to arrive at a still higher 

grade is assigned in the expansion of medication make use of. And help to increase the porosity 

of the connecting parts of the stratum corneum. 

Perfect properties of pervasion enhancers-  

 Not poisonous, and the Annoying allergic. 

 For example, if it is made in the receptor, does not hold in that country round about, and 

do not I do not show pharmacological effects. 

 We must not be content with his own cosmetically skin feeling (Arti et al., 2013). 

Weight delicate glue (PSA)  

 Complain about cement helps transdermal leather compel specific directions to the 

surface. Of course, without interest on the way. Old Polyacrylates, polyisobutylene and silicone 

adhesives are generally based on the TDDS. 

Sponsorship overlay (Ezhumalai et al., 2011).  

 Sponsorship of coatings of material that is impermeable to drugs and strong satiety 

enhancers. Since many of the finished drug Enhancers, glue excipients different. Old vinyl, 

polyester, polyethylene and films. 

Discharge lining (Hiren et al.) 

 Discharge bundle liner is a basic material can be used to provide for the amendment to 

the solid surface. The discharge line consists of a base layer, which is non-clogging (eg tissue 

paper), or clogging of time (for example, polyethylene, polyvinylchloride), and a discharge is not 

Teflon coating consisting of the silicone layer. Liner for the sake of porous, fulfill it and it would 

be useless synthetically sedatives, an inlet of the Enhancers of water. 

Different excipients like plasticizers and solvents  

 The solvents used are chloroform, methanol, (CH3) 2CO and isopropanol 

dichloromethane. Dibutylmethalate use plasticizers, triethyl citrate, propylene glycol and 

polyethylene glycol. 

Sorts of transdermal drug delivery system (Saurabh et al., Debjit et al., 2013)  

Supply System  

 While these things are designed to arouse the interest of adequate reason, in the course of 

this drug tristique orci forth and laid hold of the power of grace in the midst of a lot. Drugs are 
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discharged to rate microporous film. The drug is in the form of a response, suspension, or gel, or 

a strong polymer can be dusted on the grid in a storage cell. 

Network System  

 The drug-adhesive frame to improve drug delivery to calmly calmed free polymer 

dispersed in the cement, and spreads them like a lighted torch, a non-soaked into the polymer 

cement or cement thanks impermeable layer (such as liquid softened Cements). 

Lattice scattering framework  

 The scattering the lattice for this drug are hydrophilic and lipophilic uniformly dispersed 

in the polymer web. At this point, even to a point, that is bound to the polymer occlusive Prolyte 

baseplate which has room for about drug impedance. 

Physicochemical properties (Patel et al., 2011)  

 The drug is not something solubility in both oil and water (rather than spoke more than 1 

mg / ml). 

In the liquefaction point of the substance should be below 200 ° F. 

Retention agreements below 2.8, consectetuer 

Low orbits weight (from 500 Dalton). 

Natural features (Patel et al., 2011) 

 The drug is the most powerful, my understanding is that there was strong all day about 

the formula (perfect in the world below 25 mg / day). 

There would be almost under the bow, on the demand of the basin but not in opposition to the 

mission of the transdermal mauris. 

 That the drug can not state that it is able to make him irreversibly cancel it in the purple 

web. 

The drug can not be processed extensively in the skin8Limited useful windows. 

Cement considers  

 The manifestations of TDDS treatment may influence the nature of repair and contact 

between tissues. TDDS materials are obtained on the skin using PSA, which is found to be an 

appropriate level of adhesion to the balcony using heavy loads. The glue composition of TDDS 

can be explained by considering the following elements: 

Strip Adhesion properties  

Tack properties  

 Thumb tack test  

 Moving ball test  
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 Snappy stick (Peel tack) test  

 Test tack test  

 Shear quality properties or creep opposition  

Administrative Strategy For Investigational New Drug(Patel et al., 2011; Ubaidulla et al., 

2007)  

Application And New Drug Application Submissions For Tdds  

 It needs to convert the mount and the element to the physical extension itself. 

 It controls the processing and use of toxicology requirements. 

 The Department of Immunology and the FDA should also monitor the body's use of IND 

and Drug Drug Administration (NDA). 

 Evaluation should be done carefully and the department organizes the assessment signal. 

Examination of transdermal conveyance frameworks  

 Despite more than 100 prescriptions describing ingredients such as creams and balms, 

there are ninety medications or mixtures that are administered using FDA-approved carbs. Many 

of these first-line plants are due to adherence to a prescription drug that swallows natural 

ingredients. Ideally, the progression from the second and the third phase to the translocation 

leads to the transdermal organization of the hydrophilic atom. he was so comfortable. The 

advantage of third-generation materials based on the assessment is that those who leave the 

large, small pieces that leave the building should be permanently stable, unless there is 

significant damage to living cells in the epidermis and dermis. . The report thus far suggests that 

this view is reasonable, mainly in the form of information from the variants of stage 1 disease 

progression and treatment promotion leading to Level 2, mainly study 3 ability to use 

microneedles and heating. This should not be a surprise given that the skin can be repaired 

without ulcers or infections when small bruises are constantly exposed to it, scalp, beard, 

hypodermic disease and other minor injuries. 

 Not only is this combination of transdermal systems safe and efficient, but it is based on a 

transparent system that is less effortful and easier to use, because many transdermal systems are 

designed for processing. personal at home. The mixers can be customized with a reasonably 

small refrigerator that is well-suited to patients. Different tissue manufacturers can be a challenge 

to infect macromolecules, however vaccination is determined by a handheld device that requires 

light energy. Because of this, the majority of active tissues are based on highly sensitive, 

recycled materials that have to be disseminated. Microneedles are a special case because they 

can carry macromolecules and antibiotics, and they must do anything to correct the loss that they 
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do not need to source. In any case, microneedles are not really comfortable, which increases the 

safety and security of the rest. 

Future outlook and conclusions 

 Looking to the future, it is almost certain that the first update will continue with the 

introduction of a few more atomic drugs and possible conditions, especially current medicine in 

oral administration and combined to break down from 'the patent. The two-year standardized 

medication should be regularly evaluated and used to describe in detail the dermatological acne 

and palliative care and basic procedures of the smallest drug. It is unlikely that the use of 

hydrophobic and macromolecular substances will be of minor consequence, since the optimal 

development and proliferation of the extracellular corneal group, results in the formation of other 

cells. Admittedly, the mix in three years is an exciting exercise and uses chemical engineering 

techniques to focus most on improving, as long as it stays true to the pace of growth. Two-year 

follow-up on the use of iontophoresis has been proven by medical professionals, especially fast 

and limited coverage for the skin. The power of electronics in the supply chain gives 

iontophoresis a unique property that can be used for misunderstandings as well, other 

mainstream media information. As far as possible, in view of iontophoresis it does not alter the 

skin barrier but it is shown far and wide to guide macromolecules or mobile antibodies, except 

when used in combination with various strategies to improve skin. skin. In this way, no 

ultrasound stimulant is known to have used it for transdermal delivery of the host material to 

treatment without indication, but it appears to be unfit to carry mixed results. . Three-year 

physical therapy using ultrasound and electromagnetic enhancement of transdermal media by 

disruption of corneum layers at nanometer size. There are recent ultrasounds that have been 

supported by transdermal administration of Coverocaine and may be validated for peptides and 

other small macromolecules. Despite the fact that ultrasound, the application of US ultrasound 

may be hindered by the need for advanced inks that build a pousseur at the nanometer scale and 

along these lines there may not be complete equipment with macromolecules and antibodies. 

Warm cold requires the development of a natural way to the surface of the corneum through the 

use of heat transfer; this technique has been used in the production of traditional medicine and to 

remove glucose. 

 Insects that are now more and more open are opening the door to improving mechanical 

function, without seeing any harmful mosquitoes on the skin and inside. the larger the stone. A 

few needles are injected into the skin and antibiotics are inserted into the needle into the affected 

area, using a crown with a large number of cells in addition to the skin, which has been released 
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morphine from people using this technique. In the past decade, few combinations have advanced 

to synthetic and iontophoresis; carts and syntroporides; equipment and ultrasound; iontophoresis 

and ultrasound; electrical and iontophoresis; and electrical and mechanical components. 

TransPharma is at the heart of what our new platform offers across all existing treatments. These 

benefits may include good health and long-term use of antidepressants or improved survival and 

use of health care delivery programs, among others (Ubaidulla et al., 2007) 

 The ViaDerm platform can be used to deliver a combination of drugs for advanced 

applications in the field of dermatology and beauty care. The ViaDerm system can enable the 

injection, providing a convenient, safe and effective alternative to current intramuscular or 

subcutaneous injection methods. Altea Therapeutics is in the process of developing transdermal 

repairs to solve the major problem of ignoring e. Look at the different 'seasons' and offer better 

recovery options to deal with Parkinson's disease (Das et al., 2010) 

 It is widely used in chemicals for chemical distribution abroad. Their work could be 

altered by the repeal of a law that researchers have rejected along with the rapid development. 

While the drug has the right to be treated and treated, transdermal media is a great way to 

succeed. Due to the many ideas of TDDS, many new tests are still being conducted today against 

some of the new findings. With the gradual development of new and integrated drugs in the field 

of surgery without breaking the transdermal skin barrier, it has been transformed into the most 

well-known model of community medicine. This article provides important information on the 

analysis and evaluation of transdermal drug components in preparation of data for clinical 

studies with TDDS. Proving that TDDS has the only advantage, it has the option of using 

powerful hydrophobic and hydrophilic solutions for delivering reliable solutions. 
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Abstract: 

Multi-objective optimal design for an engineering optimization problem involves various 

decision variables and constraints. In engineering applications, objectives under consideration 

conflict with each other, and optimizing a meticulous solution with respect to a single objective 

can result in objectionable results with respect to the other objectives. A practical solution to a 

multi-objective problem is to examine a set of solutions, each of which satisfies the objectives at 

a satisfactory level without being conquered by any other solution. In this paper, a new 

population based evolutionary algorithm used to optimize the gear drive with combined objective 

function which maximises the power, efficiency and minimises the overall weight, centre 

distance has been considered. The performance of the proposed algorithms is validated with 

three gear materials and results are compared. 

Keywords: Design Optimization, Evolutionary Algorithm, Gear Drive and Multi-objective 

Optimization  

 

Introduction: 

Mechanical engineering design can be defined as the preference of materials and 

geometry, which satisfies, specified functional requirements of that design. A good design has to 

reduce the most significant difficult result and to exploit the main significant desirable result. 

Optimization algorithms are more flexible and ever-increasing in field engineering design 

problems, rightfully because of the availability and affordability of today‘s technical world. A 

population based heuristic algorithm offers well-organized ways of creating and comparing a 

mailto:padmanabhan.ks@gmail.com
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novel design solution in order to complete an optimal design. Gears, as a class of mechanical 

mechanism, are used to transmit relative motion between two shafts. The design of gears is 

critical for smooth functioning of any mechanism, automobile and machinery. Gear drive design 

starts with the need of optimizing the gear width, module and number of teeth etc., it creates 

huge challenges to designer.  

Hai Huang et al. [1] described a goal programming optimization mathematical model in 

order to improve efficiency of designing point-line meshing gears and also for the bending 

strength composite stiffness at the point-line meshing gear. Quancai Li et al. [2] developed a 

multi-objective for gear transmission with design variables and choice restrictive constraints. 

Majid and Esmaile [3] evaluated an engineering optimization problem with continuous design 

variables with two New Harmony search heuristic algorithms. Vipin and Chauhan [4] discussed, 

minimized the surface fatigue life factor and volume of gear box with classical SQP algorithm 

and other non-traditional NSGA-II with other geometric conditions. Kwon Soon et al. [5] 

developed a genetic algorithm for a gear pump for minimizing the wear rate proportional factor. 

Ya Feng Li et al. [6], a design of three-stage wind turbine gear box was optimized with 

genetic algorithm with more optimized result. Savsani et al. [7] developed the particle swarm 

optimization and simulated annealing heuristic algorithms to minimize the weight of a spur gear 

train. Chong and Lee [8] showed a two-stage gear train and the simple planetary gear train for a 

minimization volume with genetic algorithm and discussed that genetic algorithm is better than 

the conventional algorithms. Padmanabhan et al. [9] used a Real Coded Genetic Algorithm to 

optimize the design of helical gear pair with combined objective function to maximize the 

Power, Efficiency and minimize Weight, Centre distance and proposed algorithm results was 

compared with LINGO Software. Bozca and Fietkau [10] proposed an empirical model based 

optimization for an automotive gearbox to reduce rattle noise with geometric design parameters. 

Parks and Miller [11] described selective breeding strategies in a multiobjective Genetic 

Algorithm with parents being selected from the current population. Sriramya et al. [12] proposed 

a new population based evolutionary algorithm as selective breeding algorithm for the Bin 

Packing application and the optimal results were compared with other packing algorithms. In this 

work, a new population based evolutionary algorithm, Selective Breeding Algorithm (SBA) was 

used to optimize the spur gear drive with combined objective function which maximises the 

power, efficiency and minimises the overall weight, centre distance has been considered. 

 

 

http://profiles.spiedigitallibrary.org/summary.aspx?DOI=10.1117%2f12.920249&Name=Quancai+Li
http://www.scientific.net/author/Ya_Feng_Li_3
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Gear Drive Design Optimization 

The Spur gear drive design consists of determining the design variable such as module, 

gear thickness and number of teeth in order to optimize the design. A number of objective 

functions by which optimality of gear drive design are include:  

(1) Maximization of Power transmitted (f1) 

(2) Minimization of Weight (f2) 

(3) Maximization of Efficiency (f3) and  

(4) Minimization of Centre distance (f4).  

Several design constraints should be considered in the design of gear drive like bending stress, 

compressive stress, module and centre distance etc. 

1. Objective functions for Spur Gear Drive  

The equations (1), (2), (3) and (7) represent the maximization of Power, minimization of 

Weight, maximization of Efficiency and minimization of Centre distance. The efficiency 

equation (3) has been adopted from Dudley [13]. 

Maximize, f1 = P          (1) 
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2. Design Constraints  

The above gear drive objectives should satisfies with the design constraints of allowable 

bending stress, allowable compressive stress, minimum module and minimum centre distance 

etc. the below equations (8), (9), (10) and (11) have been adopted from [14]. 

 

Bending stress:  σb =
 

 y b m a

1i 
 ×[Mt]       ≤ [σb]           (8)   
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Compressive stress: σc =  0.74 
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 The gear drive design problem has four different parameters in the objectives considered 

in this work. i.e., power, weight, efficiency and centre distance. Since all these objectives are on 

different scales, these factors are to be normalized to the same scale. The normalized objective 

function is obtained as follows: 

COF = 
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(12) 

Where NW1, NW2, NW3 and NW4 = 0.25. 

3. A Spur Gear Reducer 

In this paper, a spur gear reducer problem was adopted form V. B. Bhandari [15]. Design 

a spur gear reducer for a compressor running at 250 rpm drive by a 7.5 kW, 1000rpm electric 

motor. The gears are made of carbon steel C45. This problem is to be solved with C45, Cast Iron 

(Grade 25) and Alloy Steel (40Ni 2Cr1Mo28) gear materials. The material properties of gear 

drive are tabulated [14] in Table 1. 

 

Table 1: Material Properties of Gear drive 

Material 
Density (ρ) 

kg/mm
3
 

Bending Stress 

(σb) 

kg/mm
2
 

Compressive Stress 

(σc) 

kg/mm
2
 

Young’s Modulus 

(E) 

N/mm
2
 

C-45 7.85 x 10
-6

 140 500 2.1  x 10
5
 

CI G25 7.4 x 10
-6

 60 600 1.7 x 10
5
 

Alloy 

Steel 
8.839 x 10

-6
 400 1100 2.15 x 10

5
 

 

 The complete optimized problem of spur gear drive in terms of design variables P, m, b 

and Z1 for the above problem with C45 material, after simplification is, 
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Maximize   f1= P   where, P
(L)  

≤  P  ≤  P
(U)

      (13) 

Minimize  f2= 104.81 ×10
-6 

× b ×   (mZ1)
2     

(14) 

Maximize f3 = 100 – PL          (15) 
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 Minimize f4 = 2.5 mZ1     (19) 

Subject to, 

m Z1  b
0.5  

P 
- 0.5    

≥   337.94        (20) 

m
2
 (Z1 + 5) b P 

-1
 ≥ 725.87        (21) 

 m Z1 P 
- 0.333

 ≥ 53.4                    (22) 

 m
3
 (Z1+5) 

0.333
 P 

- 0.333
 ≥ 4.17       (23) 

 

Selective Breeding Algorithm 

Selective breeding is the course of action of breeding plants and animals for testing 

character. Usually, plants strains are selectively bred are cultivated, and the breeding is 

occasionally through by an professional breeder. Bred animals are known as breeds, whereas 

bred plants are known as varieties, cultigens. The cross bred of animals result is called a 

crossbreed, and plants are called hybrids. The term selective breeding is tantamount with 

artificial selection [16]. The new selective breeding algorithm performs step by step flow code is 

show in figure 1. [12]. 

 

Create an Initial population of „N‟ haploids (N is the size of population); 

C= 0; (C is the number of cycles); 

For each generation do; 

 C= C+1; 

Find the Objective function for each haploid; 

Sort the generation in M (separate storage); 

do the above process up to C iterations; 
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 Check the design constraints for each haploid in M; 

Verified haploid with best object function is an output; 

haploids based on objective function; 

Divide the haploids into two equal sets based on sorting; 

(first set named Dominant set and remaining set named Recessive set) 

Form the diploid set which contains one dominant and one recessive in order 

(H1h1,H2h2...etc); 

Do breeding process for all the combination diploid sets;   

Perform fusion process for breed diploid set by interchange genes between each 

diploid set;  

Separate diploid set into haploids; 

Do “In Breeding Depression” into haploids (add “B” percentage of new haploids); 

Sort the haploids based on objective function and take „N‟ number of best haploids for 

the next generation; 

Place best one haploid from each generation in M (separate storage); 

do the above process up to C iterations; 

 Check the design constraints for each haploid in M; 

 Verified haploid with best object function is an output; 

Figure 1: Flow of selective breeding algorithm 

 

Result and Discussion 

The above algorithm was developed using Microsoft Visual C#, with design parameters 

(P, m, b and Z1) boundary values as inputs. This program was designed to solve any gear ratio, 

driver speed, pressure angle and gear material properties. The window developed by visual C# 

for gear drive with selective breeding algorithm is shown in figure.2. 

 After iteration of SBA for the three different gear materials for the specified spur gear 

reducer, the optimized results were tabulated in table 2 in compared with existing design [15]. 

The SBA result shows, significantly enhanced values with respect to power and weight reduction 

for the spur gear drive. 
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Figure 2: Window of selective breeding algorithm for Spur gear drive 

 

 

Table 2: Comparasion of gear drive opimized results by SBA 

Parameters / 

Material 

Existing System Selective Breeding Algorithm 

C-45 C-45 
Cast Iron 

Grade 25 

Alloy Steel 

40Ni 2Cr1Mo28 

Power (P) kW 7.5 7.62 7.58 7.62 

Module (m) mm 4.00 3.69 3.82 3.75 

Gear Thickness (b) mm 40.00 34.36 36.64 34.98 

No. of teeth on pinion (Z1) 25 25 25 25 

Centre Distance (a) mm 250.00 230.625 238.75 234.75 

Gear Weight (kg) 41.92 30.65 33.02 36.28 

Efficiency (%) 98.91 98.91 98.91 98.91 
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Figure 3: Results of weight and power by SBA for different Gear materials 

 

 The above figure 3. shows, 1.6% increase in power and 26.88% of weight reduction for 

the existing C45 material with respect to SBA results. A slight increment of power and 21.23% 

of weight reduction for the cast iron grade 25 material and also about 13.5% of weight reduction 

for alloy steel in compared with existing C45 material by conventional design. From the results, 

SBA shows a significant improvement in its optimal design values to its objectives. 

 

Conclusion: 

The majority of the mechanical engineering design involves extensive calculations and a 

number of non linear, non-differentiable and multi variables objective functions. It is extremely 

impracticable to solve by mechanical optimal techniques. Evolutionary algorithm like SBA can 

be powerfully applied for best solutions in an engineering design. In this work, a spur gear 

reducer was taken with three different gear materials and optimized results were obtained by 

selective breeding algorithm. This new evolutionary algorithm shows the substantial decrease in 

weight of gear drive with all three different gear materials, which is directly proportional to cost 

of the gear drive. The amount of material consumed is reduced due to reduction in weight of the 

gear drive and also its shows considerable increase in power with respect to all materials in 

compare with conventional design. In the designing of machinery gear drive and automobiles 
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takes the advantage of evolutionary, the gear manufacturers can strongly face the sufficient 

atmosphere of producing at sensible cost. As a future work, the selective breeding algorithm can 

be used evaluated the range of engineering design application like multispeed gear box, epicyclic 

gear train, springs and bearings etc. 
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Notations 

Hs : Specific sliding velocity at start of approach action 

Ht : Specific sliding velocity at end of recess action. 

 P         : Power transmitted in kW             

R0 : Addendum circle radius of Gear in mm 

r0   : Addendum circle radius of pinion in mm 

R   : Pitch circle radius of Gear in mm 

r     : Pitch circle radius of pinion in mm  

Z1, Z2 : Number of teeth in pinion, gear     

d1,d2 : Pitch circle diameter of pinion, Gear in mm  

m : Module in mm  

i           : Gear (or) transmission ratio              

b          : Thickness of gear and pinion in mm    

a     : Centre distance between shafts in mm
 

ρ        : Density of the material in kg/mm
3
        

E          : Young‘s modulus in N/mm
2
                 

σb      : Induced bending stress in N/mm
2
      

[σb]   : Allowable bending stress in N/mm
2
  

σc   : Induced compressive stress in N/mm
2
 

[σc] : Allowable compressive stress in N/mm
2
  

η : Percentage Efficiency                          

PL        : Percentage of power loss                    

[Mt] : Design twisting moment in Nmm 

y          : Form factor        

f : Average coefficient of friction, 0.08      

Φ : Pressure angle in degrees 



 

 

 

 

 

  


