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ABSTRACT 

In this paper proposed new type push _pull based inverter for PV system and which were compared with 

previous existing  puss _pull inverter circuit. The proposed inverter is play important role to controlflow 

ofelectricity between the modules, battery and loads in any PV based System. The Proposed circuit showing 

effective Result as compared with existing.Simulation has done using NIMultisim software. Therefore it can 

effectively implementing for home appliances as well as Laboratory etc.  
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I.  INTRODUCTION 

 

Recently, the need of renewable energy has become important contribution in energy consumed such as solar, 

wind, biomass and geothermal. Among them, solar energy is one of the important renewable energy sources 

because it is inexhaustible. Besides, its conversion free from the emission of air or water pollutions or the 

generation of solid waste [1]. Malaysia is one of the countries that receive abundant of sun light in average 

mostly in northern side of Peninsular Malaysia where Perlis, Kedah and Penang have high potential in applying 

solar energy [2]. The output of photovoltaic (PV) is in DC form. Therefore, it requires sophisticated conversion 

techniques to make them usable because the power utilization is mostly in AC form.This conversion can be 

done by using inverter that converts DC input into AC output. The inverter is a critical component responsible 

for the control of electricity flow between the modules, battery and loads in any PV based system.[2] 

This paper is classified into five section , section II describes block diagram of pv system , section III describes 

Push _pull inverter section IV describes proposed puss_pull inverter and V describes All about simulation 

Result. 

 

II. BLOCK DIAGRAM OF PV SYSTEM 

 

This photovoltaic system consists of three main subsystem which are PV devices (modules, panel or arrays), 

balance of system (BOS) and AC load. PV devices collect solar radiation from the sun and actively convert that 

energy to electric dc power. The BOS typically contains structures for mounting the PV arrays or modules and 

the power conditioning equipment that converts the electricity to the proper form and magnitude required by 

load. The BOS in this system consists of charger, battery and inverter [2]. 
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Fig.1block Diagram Representation of Photovoltaic System 

 

III. PUSH_PULL INVERTER 

 

The design of the inverter circuit was implemented using push-pull topology as shown in Figure 2.and it is 

successfully simulated as depicted in Fig. 4, 5&6.The push-pull topology is suitable for producing square and 

modified square wave inverter. This design will convert the 12 VDC to 12VAC and use step-up transformer to 

step-up the voltage to 240VAC. 

 

Fig.2 Simulation Layout Using Multisim 

This circuit used a simple multi-vibrator oscillator, Q1 and Q2 which is BC547. The frequency is determined by 

the100nF capacitor and 100k.Ohm  resistors, R3 and R4 which is 60Hz operating frequency. It is common to 

choose either MOSFET or IGBT as a switching device. They offer several advantages over the BJTs which are 

very high input impedance, very high switching frequency and low switching loss. The power transistor use in 

this circuit design is a MOSFET IRFP260 [3]. 

 

IV. PROPOSED NEW TYPE PUSH_PULL INVERTER 

 

In this paper I proposed  push-pull topology inverter fig. 3  which were  successfully simulated  as depicted  

output result in  Fig.7, 8&9. To generate square and modified square wave push-pull topology is batter 

technology. This design will convert the 12 VDC to 12VAC and use step-up transformer to step-up the voltage 

to 250VAC. 
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Fig.3Proposed New Type Push_Pull Inverter 

This circuit used a simple multi-vibrator oscillator, Q1 and Q2 which is BC548A . The frequency is determined 

by the 100nF capacitor and 100k. Ohm.resistors, R3 and R4 which is 60Hz operating frequency. Ihave chosen 

NPN Transistor 2N3055A  as a switching device. They offer several advantages such as  very high input 

impedance,  high switching frequency and low switchingloss. 

 

V. SIMULATION RESULTS AND CONCLUSION 

 

 

Fig. 4.The Output Waveform of Q1 and Q2 Transistors.Fig. 5.The Output Waveform of Q5 

and Q6 MOSFETs. 

 

Fig. 6.The Output Waveform of Simulated Push-Pull Inverter Circuit. 
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The multi-vibrator output of Q1 and Q2 could be fed directly to the gates of NPN Transistors  but it needs to be 

turned 100% ON or 100% OFF for best efficiency. From the Figure 4, it shows that the Q1 and Q2 not generate 

a nice and clean square wave. It has a problem on the positive slope. There will be dissipation of power if the 

Transistors are only ½ ON. The time interval between OFF and ON may be small but it is enough to cause the 

output of Transistor to dissipate power. However, this slope can be use to cause a delay. So, there is a moment 

of pause between the two Transistors ON time and this will avoid overlap. 

 

Fig.7.The output waveform of transistors    Fig.8.The output waveform of switching               

Q1&Q2  in the proposed circuit.       transistors Q7 & Q8 in the proposed circuit. 

The PNP Transistor switching circuit is use to switch ON andOFF cleanly and also act as a level detector. When 

thetransistors Q1 and Q2 have reached about 11 Volt, the BD140 and 2N6107 will change the state with clean 

0-12 Volt square waves to Q7 and Q8  NPN Transistors. 

 

Fig.9.The Output Waveform of Proposed New Push-Pull Inverter Circuit. 

 

VI. CONCLUSION 

 

As from the Results, A Proposed Newpush-pull type  inverter is successfully converting  12 volt DC , into 230v 

A.C , it overcomes the drawback of previous existing circuit with less cost . So it is strong validation for PV 

system and home appliances   
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ABSTRACT 

Radio telescope is an astronomical instrument consisting of a radio receiver and an antenna system that is used 

to detect radio-frequency radiation emitted by extraterrestrial sources. Radio astronomy is a great field of 

modern science and engineering used to discover and unveil the never ever seen facts and objects in the 

universe. These radio telescopes work on the basis of absorbing radiations from extraterrestrial sources. These 

radiations that are received on the earth after travelling thousands of light years distance are very sensitive and 

feeble to process. Hence, there is always a need for a powerful tool to analyze the radio waves, infer and draw a 

conclusion based on the nature of waves received. This paper is the outcome of a tool designed and practically 

tested at Giant Metrewave Radio Telescope (GMRT) in India. GMRT is the world’s largest low frequency radio 

telescope. The paper contains details about the functioning, advantages and features of the tool designed. Many 

data analyzing functions like moving average, differentiation, plotting a particular frequency over time etc are 

included in the tool. The case studies at GMRT are also included at the end of this paper. Hence, this tool forms 

a very sophisticated platform to analyze the Radio Astronomical data. 

 

Keywords: Radio Telescope, Frontend, Backend, Polarization, Antenna Temperature, Gain of the 

Antenna Receiver, Path Attenuation 

 

I. A TYPICAL RADIO TELESCOPE RECEIVER CHAIN 

 

This chapter discusses the receiver chain of a Radio telescope. The Analog part of this chain starts from the 

Multi-frequency RF Front-Ends and ends at the Baseband system. The major blocks in this chain along with 

their various possible configurations are described. A detailed analysis of the noise contributed by the various 

components of this chain is presented. The typical length of the fiber optic cables linking the antennas to the 

Central Electronics Building (CEB) varies from about 600m for the nearest antennas to about 25km for the most 

distant ones. Since the transmission loss increases with increasing fiber length, different antenna systems will 

have different signal to noise ratios at the CEB. However by optimally adjusting the operating power levels at 

different points of the receiver chain one can ensure that the maximum degradation of the system noise 

temperature is less than 1% for all antennas. 
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II. CASE STUDY OF THE GMRT RECEIVER CHAIN 

 

The GMRT receiver chain is shown schematically in Figure 1. The first block is the multi-frequency front end. 

This is located on a rotating turret at the prime focus of the parabolic reflector antenna. All the feeds and low 

noise RF front-ends have been configured to receive dual polarization signals. Lower frequency bands (from 50 

to 610 MHz) have dual circular polarization channels, i.e. left hand circular and right hand circular polarizations 

which have been labeled as CH1 and CH2 respectively. The L-band (1000-1450 MHz) system has dual linear 

polarization channels, i.e. vertical and horizontal polarizations (also labeled CH1 and CH2 respectively). 

The first local oscillator (I LO, situated at the base of the antenna, inside a shielded room) converts the RF band 

to an IF band centered at 70 MHz. After passing the signal through a band pass filter of selectable bandwidth, 

the IF at 70 MHz is then translated (using II LO) to a second IF at 130 MHz and 175 MHz for CH1 and CH2, 

respectively. The maximum bandwidth available at this stage is 32 MHz for each channel. This frequency 

translation is done so that signals for both the polarizations can be frequency division multiplexed onto the same 

fiber for transmission to the CEB. At the CEB, these signals are received by the Fiber-Optic Receiver System 

and the 130 and 175 MHz signals are then separated out and sent for base band conversion. The baseband 

converter section converts the 130 and 175 MHz IF signals first to 70 MHz IF (using III LO), these are then 

converted to upper and lower side bands (each at most 16 MHz wide) at 0 MHz using a tunable IV LO.. There 

are also two Automatic Level Controllers (ALCs) in the receiver chain. The first is just before the Fiber Optic 

transmitter and the second is at the output of the baseband unit. 

 

Figure 1: Schematic Block Diagram of the GMRT Receiver. 

The GMRT operates at the 150, 233, 327, 610 and L-band extending from 1000-1450 MHz. The L-band is split 

into four sub-bands centered at 1060, 1170, 1280 and 1390 MHz with a bandwidth of 120 MHz while the 

bandwidth at other bands is ~ 40 MHz. The L-band feeds measure two orthogonal linear polarizations while the 

feeds at all other bands measure circular polarizations. The 233 and 610 MHz feeds are co-axial feeds. The 

front-end low noise amplifiers have been designed to either receive two polarization signals from a single feed 

or the same polarization signal from two different feeds. This, for the case of 233/610 MHz feeds, allows 

simultaneous single polarization observations at these bands. An RF switch after the front-end box allows 

swapping of the two polarizations signals. Solar attenuators of 14, 30 and 44 dB are also available. Four 
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calibrated noise sources, named Low, Medium, High and Extra-high cal can be used to calibrate the receiver 

system.  

The RF band is first converted to an IF band centered at 70 MHz using what is referred to as the First LO (First 

Local Oscillator). Here, bandwidths of 5.5, 16 or the full RF bandwidths can be selected. The two IF signals 

corresponding to the two polarizations are then converted to 130 and 175 MHz with a maximum bandwidth of 

32 MHz using the Second LO. These signals are then transported over optical fibers to the Central Electronics 

Building (CEB). Variable attenuators in the range of 0 - 30 dB, which can be varied in steps of 2 dB are 

available separately for the two IF signals. An automatic level controller (ALC) at the output of the IF can be 

bypassed if required (e.g. for observations requiring measurement of variations at high time resolution). At the 

CEB, the 130- and 175-MHz signals, recovered from the output of the optical fibers, are fed to the Base Band 

system for conversion to base-band signals. These signals are first converted to 70 MHz band and then split 

into Upper- and Lower-Sidebands using the tunable Fourth LO. This LO can be tuned between 50 - 90 MHz in 

steps of 100 Hz. At the base band, bandwidths of the 62.5, 125, 250, 500 KHz or 1, 2, 4, 8, 16 MHz can be 

selected. Another ALC is provided at the output of the baseband. Signal levels are kept at 0 dBm by this ALC 

before being fed to the correlator. This ALC also has a bypass option. 

For the purpose of astronomical observations, settings of the attenuators and the First and Fourth LOs are 

important. The combination of these two LOs determines the exact RF frequency used for observations. 

 

III. GAIN VARIATION WITH FREQUENCY 

 

Every two-port device can be considered as a filter in that it can be characterized by a transfer function H(f), 

where f is frequency in Hz. For an active device the transfer function depends on the RF input level and the 

component-amplifier bias. A transfer function has two parts, the gain response G(f) and the phase response w(f) 

where G(f) is in dB and w(f) is in radians. Gain variation with frequency can be primarily classified as gain 

flatness, gain tilt, and gain ripple. Putting values to them is best done with the qualifier “pk-pk,” “pk-to-pk,” or 

“p-p,” meaning “peak-to-peak,” that is, highest relative to the lowest in dB, which is unambiguous. Gain flatness 

is the difference between the highest gain in dB over the specified band and the lowest gain over the band. 

When gain flatness is specified, no additional gain-variation parameters are specified. An alternative 

characterization of gain variation is gain tilt and gain ripple together. Gain tilt is the delta gain over the band of 

the best-fit line over the band; it can be positive or negative. Gain ripple is then the variation in the gain over the 

band that is left after the tilt is taken out. Gain tilt and ripple are illustrated in Figure 3. This example is in fact 

the decomposition of the simple gain flatness of Figure 2. 

When the band has a ripple that is more or less a sine wave spread across the frequency spectrum, the ripple 

slope may additionally be specified. The slope together with the ripple amplitude gives the ripple frequency 

period (¼p times pk-pk ripple in deg divided by ripple slope in deg/Hz). The sine wave can possess any 

arbitrary phase. 
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Figure 2: Definitions of Gain Flatness 

 

 

Figure 3: Definition of Gain Tilt and Gain Ripple 

 

IV. THE 30 TO 1 SYSTEM AT GMRT 

4.1 Introduction to the 30 to 1 System at GMRT 

The Intermediate frequency (I.F) signals coming from all the 30 Antennas are transmitted through optical fibers 

to the Receiver Room of the Central Electronics Building (CEB) of the GMRT. The spectrum of the signal 

received is shown in figure 4. In the receiver room, this is monitored by the 30 to1 acquisition system. The 30 

to1 data acquisition system consists of three 11:1 RF switches which allow selecting one antenna at a time, and 

then a spectrum analyzer and a vector voltmeter process the corresponding signal. Both instruments are driven 

by a PC that records data in .SPD file format. If any abnormal result is seen during the astronomical observation, 

the observer can get an idea of its cause. 

 

Figure 4 Spectrum of the 30 to 1 Signal 

As shown in the above figure, the spectrum has two Local Oscillator (LO) signals, two polarizations (CH) the 

horizontal polarization and the vertical polarization. The right most part of the spectrum consists of the 

Telemetry signal (T). 
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Figure 5 The 30 to 1 Block Diagram 

The 30 to 1 system is located between the Optical Fiber (OF) receiver system and the Base Band system in the 

receiving chain in the receiver at the CEB room (as discussed in Chapter 1). The block diagram of the 30 to 1 is 

shown in figure 5. Signals coming from all 30 antennas are fed to a 30 to 1 which includes three 11:1 RF 

switches .These RF switches are controlled by a PC through LabVIEW.  

 

Figure 6 A Typical 30 to 1 Plot 

Figure 6 shows a 30 to 1 plot containing power of all the 30 GMRT antennas in different colors. One can check 

the boxes displayed against the names of the antennas in the top left corner to select the antennas required in the 

plot. 

 

4.2 Features of the 30 to 1 System 

The following are the features of the 30 to 1 system 

 Option to plot selected antennas. 
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 Data acquired is also stored in .SPD format. 

 The stored file is available for further processing and analyzing.  

 Data from each antenna is acquired at a regular interval of 2 minutes( 4secX30 antennas= 120 sec) 

 The sweep time is 400ms 

 On an average, each antenna is read 720 to 730 times a day 

Hence, the data file (.SPD) is created everyday and contains all the data acquired during a particular day. 

 

4.3 The Following Features in a Tool Designed Will Help in Observing the Radio Astronomical 

Observations 

 Plotting the power of a specific channel of an antenna over a user specified time duration. 

 Plotting the multiple graphs of all channels of a specific antenna corresponding to different times of a day. 

 Plotting multiple channels of the same or different antennas for comparison. 

 Moving average and differentiation on selected antenna 

 Plotting values above a particular threshold value (power) 

 Plotting all the above in logarithmic and linear scale i.e. „dBm‟ and „µW‟ (micro-watts) respectively 

 

V. WORKING OF THE TOOL 

 

The following steps describe working of the tool: 

Step 1:- The tool designed should prompt the user to enter the specific time interval over which the analysis has 

to be done. 

Step-2:-Displaying the number of values in the reading to be analyzed will give the researcher a brief idea of the 

range of readings being considered for analysis. Many of the observations involve in analysis over a wide range 

to observe the gain changes or power amplitude changes. 

Step-3: - Selecting the initial operations that have to be done on the observations 

The following operations should be initially provided to the user for analysis: 

 1.  Plotting a specific channel of a specific antenna in the array of antennas over time: 

This provides user with a facility to examine the behavior of a specific frequency      channel of any 

antennas over a wide interval. Analyzing the data over a wide interval will infer the specifications of a 

signal from a source in the outer space. 

  2.  All channels of a specific antenna over time: 

       It is quite probable that a particular antenna in the array has a peculiar behavior when compared to others. 

This is often due to radio frequency interference. But, sometimes, this peculiar behavior leads to new 

discovery. Hence, plotting all the frequency channels of a particular antenna over time will help in crucial 

analysis. 

  3.  Specific channel of a specific antenna in a specific reading: 

       Many a times, the analysis demands finding out where exactly the power values of a specific channel in a 

specific reading falls over a wide range of observations. Hence, representing particular power amplitude of 

a channel in the plot of observations helps in analysis. 
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Step-4:  Selection of the format (units) of data  

Most of the Radio telescopes across the globe process the data in logarithmic scale (dBm being the most widely 

used). Though logarithmic scale is a very versatile unit of processing data, linear scale (µWatts) representation 

is also required to know what exactly the power values of signals being received are. Hence, an option is 

provided to analyze data both in logarithmic scale and linear scale. 

Step-5: Enter the specifications for analyzing data 

Radio astronomical readings are measures all the time. Hence, in a single day, the number of measurements 

forms a very huge data to work with. Hence, the tool provides an option to start with a specific reading and to 

end at a specific reading in a day. 

Step-6:  Selecting an option for post plotting data operation 

Once the data is plotted, further analysis plays a very crucial role in the inferences to be drawn. The following 

functions will help in further analysis of data: 

1. Moving average of the readings plotted: 

Radio Astronomical telescopes absorb all the signals pertaining to a specific range of frequency. Some of 

them are terrestrial signals from outer space and some are unwanted signals from the Earth. Hence, many 

spikes and uneven structures are observed on the plot. Hence, by using the moving averaging function, one 

can remove the irregularities in curve. The window for the moving averaging function has to be decided by 

the user. 

2. Differentiation of the plot: 

It is highly necessary to calculate the difference between power amplitudes of two successive measurements 

which helps to find out the pace at which the signal strength is varying. Hence, a differentiation function is 

included which helps to plot the differences between two successive readings. 

3. Plotting those channels above a threshold value: 

From previous observations and inferences, an observer has an idea of what the power amplitudes of 

channels while observing a source and the power amplitudes while antenna is off source are. Hence, 

plotting the frequencies above a particular threshold power will help in bypassing all the noise and 

unwanted frequency channels. 

 

VI. CASE STUDY OF THE TOOL DESIGNED 

 

The following are the plots that were obtained during the analysis of the observations of some antennas when 

pointing a few antennas of the GMRT array to a point source and cold sky.  

 

6.1 Case Study-I 

6.1.1 Plot of 106th Channel of C2 Antenna, Pointed to 3C147 (Radio Source) 

The plot in FIG is for the 106
th

 channel of C2 antenna, when at 3C147 source. The observation started at 346
th

 

reading (on time axis), which can be seen from the above plot. Before the 340
th

 reading (on X-Axis) of the day, 

there were significant gain changes, which led to an inference that there wasn‟t any constant source under 

observation. 
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Figure 7 Case Study of 3C147 Radio Source 

However, after the observation started, there were minute changes in the gain which can be used for finding 

variations. Analysis can also be done (though not displayed here) about what exactly is the gain variation for a 

specific channel between the two successive readings, or comparison between two or more channels etc. 

 

6.2 Case Study-II 

6.2.1 Plot of 109
th

 Channel of C4 Pointed Towards Cold Sky (North Pole) 

 

Figure 8 Case Study of Cold Sky 

The above plot is of 109
th

 channel of C4 antenna, pointed towards Cold Sky (North Pole). The observation 

started at 346
th

 reading (on time axis), which can be seen from the above plot. Before the 340
th

 reading (on X-

Axis) of the day, there were significant gain changes, which led to an inference that there wasn‟t any constant 

source under observation. However, after the observation started, there were minute changes in the gain which 

can be used for finding variations. 
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VII. FUTURE SCOPE 

 

 The tool has got a flexible programming which allows the user to cope up with any change in data 

acquisition methods. 

 This tool can be made into a .exe file so that the execution is independent of the platform 

 Calculating how long the gain remains stable 

 Acquiring data at faster intervals through Data acquisition system can carry out the computations to 

accurately find the scale of gain variations 
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ABSTRACT: 

The wireless networks are more sensitive to the Denial-of-Service (DoS) attacks. The existing system is based on 

Spread Spectrum (SS). This technique mainly focuses on an external threat model. In wireless network the 

communications between nodes take place through broadcast communication. That is why, if an attacker 

present within the network can easily eavesdrop the message sent by any node. The performance of the 

proposed scheme is to be evaluated through a series of simulations with the ns-2 network simulator. 

 

Keywords: WSN,NAM file,TCL file,NS2simulator. 

 

I. INTRODUCTION 

 

The network consists of a collection of nodes connected via wireless links. Nodes may communicate directly if 

they are within communication range, or indirectly multiple hopes. Nodes communicate both in unicast mode 

and broadcast mode. Communication can be either unencrypted or encrypted. For encrypted broadcast 

communications, sysmetric krys are shred among all intended receivers. These keys are established using 

preshared pairwise keys or asymmetric cryptography. Conventional anti-jamming techniques rely extensively on 

spread-spectrum (SS) communications or some form of jamming evasion (e.g., slow frequency hopping, or 

spatial retreats). SS techniques provide bit-level protection by spreading bits according to a secret pseudo-noise 

(PN) code, known only to the communicating parties. These methods can only protect wireless transmissions 

under the external threat model. 

We illustrate the impact of selective jamming attacks on the network performance. We used OPNET Modeler 

14.5 to implement selective jamming attacks in two multihop wireless network scenarios. In the first scenario, 

the attacker targeted a TCP connection established over a multihop wireless route. In the second scenario, the 

jammer targeted network-layer control messages trans- mitted during the route establishment process. 

 

1.1 .Selective Jamming at the Transport Layer 

In the first set of experiments, we set up a file transfer of a 3 MB file between two users A and B connected via 

a multihop route. The TCP protocol was used to reliably transport the requested file. At the MAC layer, the 

RTS/ CTS mechanism was enabled. The transmission rate was set to 11 Mbps at each link. The jammer was 

placed within the proximity of one of the intermediate hops of the TCP connection. Four jamming strategies 

were considered: 

1.Selective jamming of cumulative TCP-ACKs. 
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2.Selective jamming of RTS/CTS messages. 

3.Selective jamming of data packets. 

4.Random jamming of any packet. 

 

1.2 Selective Jamming at the Network Layer 

In this scenario, we simulated a multihop wireless network of 35 nodes, randomly placed within a square area. 

The AODV routing protocol was used to discover and establish routing paths. Connection requests were 

initiated between random source/destination pairs. Three jammers were strategically placed to selectively jam 

no overlapping areas of the network. Three types of jamming strategies were considered:  

1) a continuous jammer. 

2) a random jammer blocking only a fraction p of the transmitted packets. 

3) a selective jammer targeting route-request (RREQ) packets. 

 

II. GENERATION OF TCL AND NAM FILES 

2.1 TCL Script (run.tcl) 

TCL Script (run.tcl) which we are using defines all nodes and all required parameters. 

Set nn     # number of mobile nodes 

set ns [new simulator]   #simulator object creation 

set f [open Trace.tr w]   #trace file to record all the events 

set namtrace[openNam . nam w]  #NAM window creation 

set topo[new Topology]   #topology creation 

set god_[create-god $ nn]   #node creation 

proc weight {}    #set color,create des x  y file 

proc source {}    #---source--- 

proc destination {}   #---destination--- 

proc finish{}    #finish procedure to exec NAM window 

 

2.2 NAM File Network Animator File (Nam.nam) 

When a simulation is finished, NS produces one or more text-based output files that contain detailed simulation 

data, i.e Nam.nam if specified to do so in the input Tcl (or more specifically, Otcl) script. The data can be used 

for simulation analysis (two simulation result analysis examples are presented in later sections) or as an input to 

a graphical simulation display tool called Network Animator (NAM). NAM has a nice graphical user interface 

similar to that of a CD player (play, fast forward, rewind, pause and so on), and also has a display speed 

controller. Furthermore, it can graphically present information such as throughput and number of packet drops at 

each link, although the graphical information cannot be used for accurate simulation analysis. 

 

III. RESULT 

 

We use the NS-2 simulator for examining our desired results we get following output. 

Step 1. – After run the TCL script (run.tcl) in terminal by command  we get fig 1. 

Step 2.- Secondly execute Nam.nam NAM file NAM file (Network Animator File) we get fig 2 . 
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Step 3. – Finally after completion the Simulation with desired time the file is generated and result shown below  

   In fig.3. 

 

Fig 1. Step 1 Result 

 

Fig 2. Step 2 Result 
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Fig 3. Step 2 Result 

 

Fig 4. Step 2 Result 
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Fig 5. Step 3 Result 

 

Fig 6. Step 3 Result 
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IV. CONCLUSION 

After simulating the source and destination formation file on Network Simulator (version 2.32) widely known as 

NS2, a scalable discrete-event driven simulation tool. 

Building high performance WSN network systems requires an understanding of the behavior of sensor network 

and what makes them fast or slow. In addition to the performance analysis, we have also evaluated the proposed 

technique in measuring, evaluating, and understanding system performance. The final but most important step in 

our experiment is to analyze the output from the simulation. After the simulation we obtain animation which 

shows the movement of  nodes along with the snake type dynamic movement and various node points. With the 

help of that we will identify the location of all nodes finally the location details file generated which contains the 

Source, Destination, SX-Pos, SY-Pos, Distance(d) . 

Thus we conclude that the different methods of selective jamming attacks at source and destination nodes were 

studied and verified the desired output. 
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ABSTRACT 

With the purpose of decreasing production costs and mitigating negative effects on the environment, a 

recyclable superadsorbent, 2-picolylamine customized wood pulp was synthesized. The structure of the obtained 

product was analyzed using Fourier transform infrared spectroscopy and scanning electron microscopy. 

Environmental stability of the resultant product was studied by Thermo gravimetric analysis. The prepared 

material, having surface area 96.41 m
2
/g, exhibited significantly large adsorption efficiency (90.21% and 

92.47% for Cd and Pb, respectively).  The excellence of the superadsorbent is attributed to the lone pair of 

electrons of N atoms which facilitated the formation of coordinate covalent bonds with the metal ions. The 

kinetics and thermodynamic studies have revealed the feasible, exothermic, spontaneous and chemisorption 

nature of the process. The efficiency of the adsorbent remains significant even after four adsorption cycles. 

 

Keywords - Adsorbent, Coordinate covalent bond, Kinetics and thermodynamic studies, Wood pulp 

 

I. INTRODUCTION 

 

Presence of heavy metal ions, as a group of persistent environment pollutants, is one of the main technical 

challenges for real-time water monitoring and quality testing process [1]. Detection of trace amounts of these 

metal ions in tainted water has received considerable attention worldwide. Hence, strategies to control the 

metals need to comply with a series of legislative regulations. On the basis of importance, many strategies as 

cementation, ion exchange, reverse osmosis, hydroxide precipitation, and electro coagulation–flocculation have 

been developed and reported in related literature for the exclusion of heavy metal ions from water sources [2-4]. 

However, limitations regarding threshold concentration and high cost investments have lessened the application 

of these strategies.  

Adsorption is the most studied method with respect to efficiency, ease-of-use, wide adsorbent spectrum, and 

operation cost [5-7]. To date, most of the reported adsorbents are nonrenewable, difficult to degrade, and 

harmful to the environment. Cellulose, renewable natural resource, has demonstrated a great potential in the 

treatment of metal-containing wastewater [8-12]. However, a bottleneck issue is associated with neat cellulose 

as it releases organic carbon from it into water. This will further results in a secondary pollution and adversely 
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affect the application of biomaterial-based adsorbents to treat wastewater [13]. Recently, composite materials 

embedded with natural organic polymers like cellulose and inorganic particles are in trend and have a great 

significance from environmental point of view. Through this, effectiveness of cellulose is enhanced for cationic 

pre-concentration from waste water sources. In this direction, surface chemistry has played an important role in 

improving the adsorption efficacy and environmental stability of the biomaterials [14-16].  

Herein, an ecofriendly superadsorbent, chelated wood pulp (PA-WP) is synthesized by incorporating 2-

picolylamine onto the surface of wood pulp – a form of cellulose. The synthesized biomaterial represents 

covalently attached organic molecules that display basic nitrogen centers to bind cations from aqueous solution. 

Such need based tailored wood pulp has been fully characterized and explored for metal ion removal from 

aqueous system in a resource saving way. Isotherm, kinetic and thermodynamic investigations have also been 

deciphered to calculate the maximum cation uptake capacity and to optimize the design of the process. In the 

present strategy, inexpensive wood pulp reduced the production costs and use of phosphoryl oxychloride and 

perfluorohexanes has maintained the green synthetic nature of the reaction avoiding secondary pollution of the 

environment.  

 

II. EXPERIMENTAL  

2.1. Materials 

Wood pulp (WP) was provided by industrial research collaborator, Sigachi Industries Pvt. Ltd., Hyderabad. 

Cadmium sulfate, lead sulfate, 2-picolylamine, phosphoryl oxychloride (POCl3) and all other required chemicals 

were purchased from Sigma Aldrich, India. All the chemicals used were of analytical grade. The stock solutions 

of cadmium and lead of 1000 mg/L were prepared by dissolving requisite amount of their salts in double 

distilled water. Further, required concentrations were prepared by appropriate dilution of the stock solutions. 

 

2.2. Biosorbent Preparation 

Oven dried WP (50.0 g) was suspended in 1000 mL of perfluorohexanes followed by slow addition of POCl3 

(175.0 mL) at 80˚C, under mechanical stirring for 4 hours. Obtained 6-Chloro-6-deoxy woodpulp (WP-Cl) was 

washed with several aliquots of dilute ammonium hydroxide to reach neutral pH and finally washed with 

distilled water. Further, oven dried WP-Cl (10.0 g) was reacted with 2-picolylamine (730 mL) under reflux with 

mechanical stirring for 4 hours. Resultant solid (PA-WP) was filtered and dried in vacuum at room temperature 

for 24 hours.  

 

2.3. Material Characterization  

The elemental compositions of WP and PA-WP were determined using C-H-N-S-O elemental analyzer (Flash 

2000, Thermo Scientific, United States).The surface functional groups were analyzed by Fourier Transform 

Infrared Spectrometer (Cary 630 FT-IR spectrometer) from 4000 to 700 cm
-1 

range providing results after 64 

scans. For the FT-IR measurements, the spectrum of pristine wood pulp served as the background for the 

analysis of other samples. The morphology of the native and chelated WP was characterized prior to adsorption 

using Alpha tech table top SNE3200M Scanning Electron Microscope at bar length equivalent to 200 µm at 

working voltage 30 kV with 200× magnifications. Environmental stability of the native and chelated WP was 

studied by Thermo Gravimetric Analysis (SDT Q600 V20.9 Build 20-TGA) heating from temperature 298 K to 

900 K under nitrogen atmosphere. 
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2.4. Biosorption Studies 

The adsorption study was conducted in the batch experiments to determine the optimum conditions necessary to 

reach equilibrium. 0.50 grams of the biosorbents were contacted with 250 mL of 25 mg/L metal solutions. 

Filtrate samples were analyzed using Flame Atomic Absorption Spectrometer (FAAS analyst 100 Perkin-Elmer-

2380). Percent metal adsorption capacity of the biomaterials was computed using the equation: 

                                                                                                                          (1) 

where, C0 and Ce are the initial and final concentrations of metal ions in solution. 

Biosorption capacities of the biomaterials (mg/g) were calculated using equation:  

                                                                                                 (2) 

where, m (g) is the mass of the adsorbent and V (mL) is the volume of metal solution. 

 

2.5. Statistical Analysis 

Batch experiments were conducted in triplicates (N=3) and data represents the average mean value. Correlation 

coefficients and standard deviations were computerized using SPSS PC 
+TM

. For inter group mean value 

differences, each factor was subjected to the Student’s t-test for p< 0.05 significance level. 

 

III. RESULTS AND DISCUSSIONS 

3.1. Green nature of the synthetic route for the preparation of PA-WP has been maintained using POCl3 as 

chlorinating agent and perfluorohexanes as solvent “Fig.1”. Surface area of PA-WP measured by I2 absorption 

method [17] is found to be 96.41 m
2
/g. Successful incorporation of basic nitrogen centers in PA-WP was 

confirmed by elemental analysis. Nitrogen percent in PA-WP was determined to be 21.709 while it is 

completely absent in WP “Table. 1”   

Table 1. Elemental (C-H-N-O) Analysis Data (% w/w) 

Material C H N O 

WP 46.769 8.440 - 50.141 

PA-WP 57.979 13.240 21.709 25.769 

 

 

 

 

 

 

 

Fig. 1 Schematic Synthesis for the Preparation of PA-WP 

 

3.2. FT-IR Study 

FT-IR spectrum of neat wood pulp shows sharp bands at 3350, 2900, 1128 and 1639 cm
-1 

of O-H, C-H, C-O 

stretching and O-H bending vibrations respectively. FT-IR spectrum of WP-Cl shows a new band at 752 cm
–1

, 
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assigned to the C-Cl stretch. Spectrum of PA-WP highlights enhancement in the intensity of O-H stretching 

band due to the interaction of newly generated peak of N-H group with already existing peak of O-H group. 

Appearance of new peak at 3050, 1720 and 1650 cm
-1 

corresponds to -C=C-H stretch, -C=C- stretch and N-

H bending, respectively. All these observations point out successful reaction of wood pulp with 2-picolylamine 

“Fig. 2”.  

 

Fig. 2 FT-IR Spectra (a) WP (b) WP-Cl (c) PA-WP 

 

3.3. SEM Analysis 

 

SEM micrograph depicts the transformation in surface morphology of wood pulp fibers on being subjected to 

chelation with 2-picolylamine. The untreated wood pulp fibers exhibit a relatively smooth surface compared to 

chelated wood pulp. Moreover, deposition of the chelating agents on the surface of wood pulp make it rough 

and uneven which indicates the chemical bonding between chelating agents and the surface of the fiber “Fig. 3”. 

 

Fig. 3 SEM Images of a) WP (b) PA-WP at Working Voltage 30 kV with 200× Magnifications 
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3.4. Thermo Gravimetric Analysis 

Environmental stability of the synthesized adsorbents has been discussed in terms of percent mass loss at 

increasing temperatures “Fig. 4”. Based on the quantitative amount of mass loss, a distinct behavior of the 

decomposition process can be observed with the rise in temperature “Table. 2”. Degradation pattern of 

adsorbents is observed as: PA-WP < WP-Cl < WP. The order is in agreement with the fact that PA-WP is 

thermally most stable followed by WP-Cl and WP. 

Table 2. Thermogravimetric Analysis of WP, WP-Cl and PA-WP 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4 Thermogravimetric Scans of WP, WP-Cl and PA-WP 

 

3.5. Equilibrium Adsorption Isotherm 

Langmuir and the Dubinin-Radushkevich (D-R) models are used to describe the relationship between metal ions 

and adsorbent surface.  

The linearized form of the Langmuir equation is: 

                                                                                                                                         (3) 

where, Ce is the equilibrium concentration, qe is the amount of metal ions adsorbed at equilibrium (mg/g), qmax is 

the maximum adsorption capacity per gram of the adsorbent and KL is the Langmuir constant which is a function 

Biomaterial Temperature (C̊) % Mass 

Loss 

Reason 

 

WP 

 

25-125 

217 

6 

74 

Loss of water 

Decomposition of cellulose 

WP-Cl 

 

117-147 

165-237 

275 

3 

23 

64 

Loss of water 

Elimination of HCl 

Decomposition of cellulose 

PA-WP 168 

173-180 

340 

4 

31 

48 

Loss of water 

Elimination of 2-picolylamine 

Decomposition of cellulose 
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of free energy of adsorption (L/mg). Plotting Ce / qe against Ce gives a straight line with slope and intercept 

equal to 1/Qmax and 1/KL × Qmax respectively. To examine the progression of the adsorption process, the 

dimensionless constant, separation factor, RL, for Langmuir isotherm is calculated by the following equation:  

                                                                                                                                                  (4) 

The linearity of the plots obtained from Langmuir isotherm model is the indicative of fitness (R
2
 > 0.99) of this 

model in the current perspective “Fig. 5”. The qmax calculated from Langmuir plots are mainly consistent with 

the experimental ones indicating the monolayer adsorption of Cd (II) and Pb (II) on PA-WP at room 

temperature. The fact behind the fitness of Langmuir isotherm may be due to the homogeneous distribution of 

active sites on PA-WP surface. The values of RL lie between 0-1 indicate the favorable adsorption of Cd (II) and 

Pb (II) on PA-WP “Table. 3”.  

Table 3 Langmuir Isotherm Parameters for Adsorption of Cd (II) and Pb (II) onto PA-WP 

 

 

 

 

 

 

 

 

Fig. 5 Langmuir Plots for (a) Cd (II) (b) Pb (II) Adsorption onto PA-WP 

Isotherm suggested by the Dubinin to estimate the mean free energy of adsorption is given by the following 

equation: 

                                                                                                                                (5)               

where qmax (mg/g) is the maximum adsorption capacity, KD (mol
2
 kJ

-2
) is D-R model constant related to mean 

adsorption energy and Ɛ is Polanyi potential given by the following equation: 

                                                                                                                                             (6) 

Langmuir Isotherm Parameters  Values   

Cd(II)  Pb(II)   

KL (mg/g)  

qmax (L/mg)  

RL  

R
2
  

 0.461 

10.1 

0.08 

0.9998 

 0.5814 

10.63 

0.064 

0.9970 
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where, R is the Gas constant (kJ mol
-1

 K
-1

) and T (K) is the absolute temperature. The mean adsorption energy, 

E (kJ mol
-1

) calculated from the D-R isotherm can provide the information about the chemical or physical nature 

of the adsorption process. It can be obtained from KD value of D-R isotherm using the following equation: 

                                                                   (7) 

The plots of D-R model yield high correlation coefficient values confirming the applicability of this model “Fig. 

6”. The values of E indicate that the adsorption of Cd (II) and Pb (II) on PA-WP proceed via chemisorption 

mechanism “Table. 4”.  

Table 4 D-R Parameters for Adsorption of Cd (II) and Pb (II) onto PA-WP 

 

 

 

 

 

 

 

Fig. 6 D-R Plots for (a) Cd (II) (b) Pb (II) Adsorption onto PA-WP 

 

3.5. Adsorption Kinetics 

The knowledge of adsorption mechanism and rate determining step is applicable in selecting optimum 

conditions. In order to investigate the adsorption kinetics, pseudo first order and pseudo second order kinetic 

models were studied in the present case. 

Pseudo first-order model can be expressed as: 

log (qe-qt) = log (qe) –                                                                                                                                     (8) 

where 𝑞𝑒 and 𝑞𝑡 represent the amount of adsorbed metal ions (mg/g) at equilibrium and at any time t and 𝑘1 is 

the first-order rate constant (min
−1

).  

Pseudo second order equation is given as: 

                                                                                                                                          (9) 

D-R Isotherm Parameters  Values   

Cd(II)  Pb(II)   

qmax (mol/g)  

KD (mol
2
/kJ

2
)  

R
2
  

E (kJ/mol 

 0.099 

0.0023 

0.9914 

14.184 

 0.0963 

0.0021 

0.9780 

15.25 
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where, k2 (g mg
-1

 min
-1

) is known as pseudo second order rate constant of adsorption, qe (mg/g) is the amount of 

metal ion adsorbed at equilibrium and qt (mg/g) is the amount of metal ion adsorbed at time t (min).  

Lower values of correlation coefficients for pseudo first order kinetic model indicate its non suitability (R
2
 << 1) 

of it in the present panorama “Table 5”. However, qe (calculated) from pseudo second order kinetic model are in 

better agreement (R
2
  1) with that of qe (experimental) “Fig. 7”. Therefore, in the present case, metal ion 

caption is chemical adsorption involving either valence forces through sharing or exchange of electrons or 

coordinates covalent interaction between adsorbent and adsorbate. 

Table 5. Pseudo First Order and Pseudo Second Order Kinetic Parameters for Adsorption of 

Cd (II) and Pb (II) onto PA-WP 

 

Fig. 7 Pseudo-Second-Order Kinetic Model for Uptake of Cd (II) and Pb (II) by PA-WP 

 

3.6. Thermodynamic Studies 

Relation between adsorption equilibrium constant (kd) and thermodynamic parameters ΔH˚ and ΔS˚ is given by 

Von’t Hoff equation: 

                                                                                                                                           (10) 

Change in Gibbs free energy can be calculated by the following relationship: 

                                                                                                                                              (11) 

Biomaterial  Metal 

ion  

qe (exp) 

(mg/g)  

Pseudo first order  Pseudo second order  

K1 (g mg
-

1
 min

-1
)  

qe 

(calc) 

(mg/g)  

R
2
  K2 (g mg

-1
 

min
-1

)  

qe 

(calc) 

(mg/g)  

R
2
  

PA-WP  Cd(II)  

Pb(II)  

11.28  

11.56 

0.11 

0.08  

0.16  

0.15 

0.019 

0.03  

4.9 × 10
-3 

4.35 × 10
-3

 

11.36  

11.78 

0.9972 

0.9974  
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Where, ΔH˚ is the change in enthalpy, ΔS˚ is the change in entropy, T is absolute temperature (K) and R is Gas 

constant. Adsorption equilibrium constant (kd) is given by the following equation: 

Values of kd (L/g) are calculated at different temperatures. Plots between ln kd and 1000/T yield straight line 

“Fig. 8”. Values of ΔG˚ are calculated from different values of ln kd  at different temperatures.  ΔH˚ and ΔS˚ are 

determined from slope and intercepts of the line. 

The negative values of ΔG˚ indicate that the adsorption process is spontaneous. In the present panorama, 

exothermic nature of adsorption process is confirmed by decrease in adsorption capacity with rise in temperature 

and negative value of ΔH˚ “Table. 6”.  

Table 6 Thermodynamic Parameters of Adsorption of Cd (II) and Pb (II) onto PA-WP 

  

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8 Von’t Hoff Plots for Cd (II) and Pb (II) Adsorption onto PA-WP 

 

3.7. Reusability of Adsorbents  

To make the adsorption process cost-effective, regeneration potential of both the modified wood pulp adsorbents 

were probed using basic and acidic desorbing agents. The desorbed solutions were subjected to Atomic 

Absorption Spectrometer to determine the metal ion concentration. In this direction, NaOH (0.5 M) has been 

Biomaterial  Thermodynamic parameters  

Metal 

ion  

Temperature  

(˚C)  

ΔG˚  

(kJ/mole)  

ΔH˚ 

(kJ/mole)  

ΔS˚  

(kJ/mole)  

R
2
  

PA-WP  Cd(II)  

 

 

 

Pb(II)  

25  

35  

45  

55  

25  

35  

45  

55  

 -3.79 

-3.37 

-2.99 

-2.64 

-4.49 

-3.95 

-3.51 

-3.11 

 -14.79 

 

 

 

-17.85 

 -0.037 

 

 

 

-0.044 

0.9990 

 

  

 

0.9960 
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proved better desorbing agent with [Cd (II) 84.20 %; Pb (II) 89.54 %] recovery for first cycle. The adsorption 

potential almost remained unchanged during four recurring adsorption–desorption cycles.  

 

IV. CONCLUSIONS 

 

Newly developed Nitrogen-enriched superadsorbent shows scavenging behavior toward Cd (II) and Pb (II) by 

forming the coordinate covalent bonds with the ions either from a synthetic mixture or real samples. On the 

basis of good metal hunting capacity and environmental stability, it was found that PA-WP is suitable for 

wastewater sanitation as a pre treatment step before large scale chemical handling. Adsorption capacity of PA-

WP for Cd (II) {11.28 mg/g} and Pb (II) {11.55 mg/g} implies that it is a promising biomaterial with potential 

to remediate heavy metals from water bodies. The simple approach will significantly address the multiple issues 

created by the synthetics and conventional tactics, whether seen from an economic or environmental viewpoint.   
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ABSTRACT 

Europium doped MY2O4 phosphor was synthesized by solid state reaction method. For synthesis of BaY2O4, 

SrY2O4 and CaY2O4, the phosphor with fixed concentration of europium ion was calcinated at 1000
0
C and 

sintered at 1350
0
C following intermediate grinding. The synthesized sample was characterized by X-ray 

diffraction analysis and crystallite size was calculated by Scherrer’s formula. The PL spectra of prepared 

phosphors show intense emission centred at 615nm (red emission) with high intensity for SrY2O4:Eu
3+. 

Europium doped BaY2O4and CaY2O4(615nm) phosphors show less intense PL spectra as compared to 

SrY2O4:Eu
3+.

The strong emission peak of MY2O4:Eu
3+

 phosphor is due to forced electric dipole transition of 

5
D0to

7
F2centered at 615nm. . It is characteristic red emission for europium ion. The excitation spectra of 

MY2O4:Eu
3+

phosphor mainly consist of the charge transfer band (CTB) of Eu
3+

 located in 220–350 nm centred 

at 254nm. The present phosphors can act as single host for red light emission in display devices. The CIE 

coordinates were calculated by Spectrophotometric method using the spectral energy distribution of the 

MY2O4:Eu
3+

sample. Thermoluminescence (TL) glow curve was recorded for fixed concentration of dopant with 

fixed UV exposer time (25min) and fixed heating rate (6.7
0
C s

-1
). TL glow curve shows broad peak and kinetic 

parameters are calculated by computerized glow curve deconvolution (CGCD) technique. It is suggested that 

from TL glow curve analysis, the prepared phosphor may be useful for TL dosimetric application for UV 

exposure.  

 

Keywords: MY2O4 Phosphor, Europium Ion, Thermo luminescence, Photoluminescence, CGCD. 

 

I. INTRODUCTION  

 

Rare earth doped oxide materials have fine chemical as well as thermal stability alongwith excellent luminescent 

efficiency and colour purity, consequently these are used for the various applications of display devices [1-2]. 

The field emission display (FEDs) is a developing technology in recent years, as it has the potential to provide 

displays with high brightness, high contrast ratio and low power consumption [3-5]. As a result it has been 

considered as the next generation flat panel display. Phosphor materials have been playing an important role in 

developing these advanced lightening and display technology [6-8]. 

The SrY2O4 lattice resembles with CaFe2O4 related structures which consists of one strontium site of 

bicappedtrigonal prismatic and two yttrium sites. One site for yttrium is almost perfect octahedral site, and the 

other is significantly distorted one, and both sites occupy without inversion symmetry [9]. All the powder 
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samples of the MY2(1-x)O4:Eu2x show bright red emission. Y
3+

 ions in two nonequivalent sites in the crystallite 

are substituted by Eu
3+

 ions and this is showed by splitting of the 
5
D0→

7
F0 and 

5
D0→

7
F1 transitions [10-19]. 

In present paper Eu
3+

 doped MY2O4 was synthesized by solid state reaction method. Thermoluminescence and 

photoluminescence of the oxide phosphor were investigated, especially the change in luminescence property 

with the variation of the Eu
3+

 content. In our manuscript experimental study of luminescence spectroscopy in 

Eu
3+

-doped samples of an alternative host MY2O4 under excitation of a UV source 254 generating intense red 

emission with tunable chromaticity and white-light closer to the equal energy point of the CIE-1931 diagram has 

been done. Also the Thermoluminescence study for UV irradiated sample has been done. Supporting 

characterizations such as crystallographic analysis (XRD), and for functional group by FTIR analysis are the  

supporting data for optical studies of Eu
3+

 doped MY2O4. 

 

II. EXPERIMENTAL 

 

To prepare MY2O4 with fixed concentrations of europium (1mol%), stoichiometric amount of reactant mixture 

was taken in alumina crucible and was fired in air at 1000
o
C for 2 hour in a muffle furnace. Every heating was 

followed by intermediate grinding using agate mortar and pestle. The Eu
3+

 activated MY2O4phosphor was 

prepared via high temperature modified solid state diffusion. The starting materials SrCO3, CaCO3, BaCO3, 

Y2O3, Eu2O3 and H3BO3 (as a flux) in molar ratio (1% of Eu) were used to prepare the phosphor .The mixture of 

reagents were grounded together for 45minutes to obtain a homogeneous powder. The powder was transferred 

to alumina crucible, and then heated in a muffle furnace at 1350 °C for 3 hr [17]. The phosphor materials were 

cooled to room temperature naturally. 

Chemical equation for synthesis of phosphor as follow:  

BaCO3 + Y2O3   BaY2O4 + CO2 

SrCO3 + Y2O3   SrY2O4 + CO2 

CaCO3 + Y2O3   CaY2O4 + CO2 

The samples were characterized by X-ray diffraction (XRD), XRD measurements carried out using Bruker D8 

Advanced X-ray Diffractometer with CuKα  (wavelength λ = 0.154nm) radiation to analyze the crystalline 

structure and crystallite size of the phosphor powder. The crystallite size was calculated using the well-known 

Scherrer’s formula. photoluminescence (PL) emission and excitation spectra were recorded at room temperature 

by the use of  Shimadzu RF-5301 PC spectrofluorophotometer. The excitation source was a Xenon lamp. The 

obtained phosphor under the TL examination was given UV radiation using 254 nm UV source. 

Thermoluminescence glow curves were recorded at room temperature by using TLD reader I1009 supplied by 

Nucleonix Sys. Pvt. Ltd. Hyderabad [12-19]. 

 

III. RESULTS AND DISCUSSION 

 

It is found that from XRD analysis SrY2O4:Eu
3+

 phosphor having orthorhombic structure and its crystallite size 

was nearly 56nm. For BaY2O4:Eu
3+

 and CaY2O4:Eu
3+

 phosphor having cubic crystal structure and crystallite 

size nearly 48nm and 69nm (figure 1). The crystallite size of prepared phosphor was calculated by Scherrer’s 

formula  



 

78 | P a g e  

 

Here D is crystallite size 

β is FWHM (full width half maximum) 

λis the wavelength of X ray source  

θis angle of diffraction 

 

Figure 1 XRD Pattern of M(Ba, Sr, Ca)Y2O4:Eu
3+

 Phosphor 
 

3.1 PL Emission and Excitation Spectra 

The broad excitation band in the UV region centered at around 254 nm is a charge transfer band (CTB), 

corresponding to an electron transfer from an oxygen 2p orbital to an empty 4f orbital of Eu (figure 2).Upon 

excitation with 254 nm UV light, both the emission spectra were described by the well known 
5
D0→

7
FJ (J=1, 2) 

line emissions of the Eu
3+

 ions with the strong emission for J=1 and J=2 at 595 nm and 615, 630 nm (Fig. 3). 

The 
5
D0→

7
F1transition is purely magnetic dipole allowed and is usually taken as a reference transition because 

the crystal field does not considerably alter the intensity of this transition [19]. Appearance of five lines for the 

5
D0→

7
F1transition provided an evidence of two sites of Eu

3+
 ions (2J+1=3 for J=1). Due to the different valence 

states and the different ion sizes between Sr
2+

 (113 pm) and Eu
3+

 (95 pm), calcination temperature was not high 

enough for Eu
3+

 to substitute Sr
2+,

 and the replacement of Eu
3+

 to Y
3+ 

(89 pm) happened. There are two sites of 

Y
3+

 ions with similar dimension of O
2-

 polyhedron in SrY2O4 lattice, so the charge transfer is expected from the 
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oxygen ions to the substituting Eu
3+

. Similar splitting was observed to the 
5
D0→

7
F2transition, which is electric 

dipole forbidden, and sensitive to the ligand environment. Appearance of two excitation bands with monitored 

wavelengths of 483nm also indicated that the Eu
3+

 ions occupied two Y
3+

 ions sites. The 
5
D0–

7
F0 transition, 

which is both, spin and electric dipole forbidden, and is sensitive to the different lattice field, splits into two 

lines at 543 and 552 nm, revealing that the Eu
3+

 at least occupied two sites.  

 

Figure 2 PL Excitation Spectra for MY2O4:Eu
3+

 Phosphor 

 

Figure 3 PL Emission Spectra for MY2O4:Eu
3+

 Phosphor 
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Since studies revealed that both BaY2O4:Eu
3+

 and CaY2O4:Eu
3+

 phosphors have less intensity as compared to 

SrY2O4:Eu
3+

 phosphor, both (BaY2O4:Eu
3+

 and CaY2O4:Eu
3+

) having similar intensity, hence SrY2O4:Eu
3+

 

phosphor can be selected as a potential candidate for display device application having excellent intensity and 

color tenability (intense red emission with associated peaks at blue and green).  
 

3.2 CIE Coordinate 

The CIE coordinates were calculated by Spectrophotometric method using the spectral energy distribution of the 

MY2O4:Eu
3+

 sample (Fig 4). The color co-ordinates for the Eu doped sample are x=0.365 and y=0.295 (these 

coordinates are very near to the red light emission) and x = .124, y = .182 (blue emission), x = .214, y = .698 

(green emission). Hence this phosphor has excellent color tenability from white light emission. 

 

Figure 4 CIE 1931 Coordinate for MY2O4:Eu
3+

 Phosphor 

 

3.3 TL Glow Curve Analysis 

Thermo luminescence (TL) of prepared phosphor was studied by giving the 254nm UV source irradiation 20min 

exposure. Every time 2 mg weighed powdered phosphor was taken for TL measurement (Fig 5). The heating 

rate used for TL measurements was 6.7
0
C s

-1
. Here for SrY2O4:Eu

3+
 phosphor high temperature peaks centred at 

160
0
C and 286

0
C were found which shows more stability and less fading in the prepared sample. But in case of 

BaY2O4:Eu
3+

 phosphor low temperature peak centred at 83
0
C was found which shows high fading and less 

stability and the formation of shallower trap in the prepared sample. Similarly  CaY2O4:Eu
3+

 phosphor shows 
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low temperature peak 155
0
C with high fading. From the above study it is concluded that SrY2O4:Eu

3+
 phosphor 

was found suitable for UV dosimetric application.  

 

Figure 5 TL Glow Curve of MY2O4:Eu
3+

 Phosphor 
 

IV. CONCLUSION 

 

It is concluded that the prepared phosphor MY2O4 doped with europium has excellent color tenability for 

intense red emission with some narrower peaks at blue and green emission. Dominant peak 615nm (deep red 

emission) is due to forced electric dipole transition of europium ion. For SrY2O4:Eu
3+

 phosphor high 

temperature peaks centred at 160
0
C and 286

0
C were found which shows more stability and less fading in the 

prepared sample for TL glow curve and found suitable application of dosimetry. Appearance of five lines for the 

5
D0→

7
F1transition provided an evidence of two sites of Eu

3+
 ions (2J+1=3 for J=1). Due to the different valence 

states and the different ion sizes between Sr
2+

 (113 pm) and Eu
3+

 (95 pm), calcination temperature was not high 

enough for Eu
3+

 to substitute Sr
2+,

 and the replacement of Eu
3+

 to Y
3+ 

(89 pm) happened. There are two sites of 

Y
3+

 ions with similar dimension of O
2-

 polyhedron in SrY2O4 lattice, so the charge transfer is expected from the 

oxygen ions to the substituting Eu
3+

. Similar splitting was observed to the 
5
D0→

7
F2transition, which is electric 

dipole forbidden, and sensitive to the ligand environment. Appearance of two excitation bands with monitored 

wavelengths of 483nm also indicated that the Eu
3+

 ions occupied two Y
3+

 ions sites. The 
5
D0–

7
F0 transition, 

which is both, spin and electric dipole forbidden, and is sensitive to the different lattice field, splits into two 

lines at 543 and 552 nm, revealing that the Eu
3+

 at least occupied two sites. So as compared to BaY2O4:Eu
3+

 and 

CaY2O4:Eu
3+

 phosphors SrY2O4:Eu
3+

 has excellent behaviour for TL and PL study.  
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