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From: Date: 30-11-2019
Dr. VINODKUMAR RATHOD

Principal Investigator,

Assistant Professor of Physics,

Government College (Autonomous),

Kalaburagi (Karnataka).

To

The Deputy Secretary,
SWRO-UGC,
Bangalore.

Subject: Submission of Final Report of UGC Minor  Research Project in physics
Refi- File No: MRP(S)-0425/13-14/KAGU009/UGC-SWRO, Dated 28-Mar-2014

Sir, ‘ _

I 'am here by submitting the final report of my UGC minor research project |
in Physics, along with utilization certificate (File No: MRP(S)-0425/13-
14/KAGU009/UGC-SWRO, Dated 08-Apr-2014) entitled “SYNTHESIS AND
CHARECTERIZTION OF LITHIUM-ZINC FERRITES.” This is for your kind

information and necessary action. Hence, I request you to kindly release the

remaining financial grant sanctioned towards the said project at the earliest.

Thanking You,

Yours Sincerely

i Dr. Vinodkumar Rathod

Principal Investigator &
Assistant Professor in Physics.
Govt. College (Autnomous) Kalaburagi

Government of Karnataka

(Department of Collegiate Education)
EST/GCK/UGC-MRP/2013-14/ 26 \ Office of the Principal

Govt. College (Autnomous) Kalaburagi

Date: 30-11-2019
The final report on the UGC Minor Research Project of Dr. Vinodkumar Rathod is

forwarded for your needful action.
PRINCIP,

Govt. College (Autonomous)
? . KALABURAG!-585102

-
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To,

The Account Officer,
SWRO University Grants Commission,

P.K. Block, Palace road, Gandhi Nagar,

Bengaluru-560009.

(Through the Principal Govf. College, Kalaburagl-585105)

Date:30-11-2019

Sub: Submission of Accounts of Expenditure for the Minor Research Project MRP
Sanction letter No. MRP(S)-0425/13-14/KAGU009/UGC-SWRO dated 08-Apr-2014

With Reference to the above cited subject, I am herewith submitting the detail of expenditure

incurred for completing the Minor Research Project (MRP) sanctioned by UGC. The details are as

follows
SLNo. Items UGC Sanctioned Grant received Expenditure
amount Rupees Rupees incurred Rupees
1 Non-Recurring:
Books and Journals 10,000=00 10000=00 10,000=00
2 Recurring:
Contingency including special | 20,000=00 10,000=00 20,000=00
needs
Chemicals and Glasswares 40,000=00 20,000=00 40,000=00
Field and travel 5,000=00 2,500=00 5,000=00
Total 75,000=00 42,500=00 75,000=00
The UGC Sanctioned amount Rs 75,000=00
Total expenditure incurred for completion of MRP Rs 75,000=00
Grant received from UGC Rs 42,500=00
The balance Grant to be released Rs 32,500=00
Hence I request you to release the balance of Rs 32,500=00 at an earliest possible.
Yours faithfully
(Dr. Vinodkumar Rathod)
Encl: 1. Covering letter to Deputy Secretary, SWRO, Bangalore

2. Utilization certificate in Annexure-V

3. Annexure III, VIand VII
4, UGC MRP sanction letter

Dr. Vinodkumar Rathod

M.Sc. M.Phil. Ph.D.
Asst. Professor of Physics

Gowt. College (Autonomous) KALABURAGI-05

PRINCIPA
Govt. College (Autonomous)
KALABURAGI-585102
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ANNUA

Annexure - VI

UNIVERSITY GRANTS COMMISSION
BAHADUR SHAH ZAFAR MARG
NEW DELHI - 110 002

L/FINAL REPORT OF THE WORK DONE ON THE MINOR RESEARCH PROJECT

(Report to be submitted within 8 weeks after completion of each year)

Project Report No. 1%/2"/3"/Final

Final

UGC Reference No.

No. MRP(S)-0425/13-

2 14/ KAGU009/UGC-SWRO dated 08-
Apr-2014
3 | Period of report ;g;% years From 28-03-2014 to 28-03-
. . Synthesis nd charectrization of
4 | Title of the research project Lithium-Zinc ferrites
a. Name of the Principal investigator Dr. Vinodkumar Rathod
5 b. Dept. and ume;ersxty/college where wok Dept. of Physics, Govt. College,
has progress Kalaburagi-585105.
6 | Effective date of starting the project 28 March 2014
Grant Approved and expenditure incurred
during the period of the report:
Total amount approved Rs Rs. 75,000=00
7
Total Grant received Rs. Rs. 42,500=00
FINAL EXPENDITURE Rs.75,000=00
g |Report of the work done: (Please attach a Enclosed
separate sheet)
i Brief objectives of the project Enclosed Annexure VIII-1
Work done so far and results achieved and
publications, if any resulting from the work(
ii. | Give details of the papers and names of the Yes, Details given in Annexure VIII-2
journals in which it has been published or
accepted for publication)
Has the progress been according to original
iii. | plan of work and towards achieving the Yes.
objective , if not state reasons
w Please indicate the difficulties, if any N
" | experienced in implementing the project 0
If Project has not been completed, please
indicate the approximate time by which it is
likely t .
v. |likely to be completed. A summary of the work Completed

done for the period (Annual Basis) may please
be sent to the commission on a separate sheet
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If the project has been completed, please
enclose a summary of the findings of the study.
vi. | Two bound copies of the final report of work
done may also be sent to the Commission,

Enclosed

Any other information which would help in
evaluation of work done on the project. At the
completion of the project, the first report
should indicate the output, such as a)
Manpower trained (b)Ph.D Awarded(c)
Publication of results(d) other impact if any

vil.

No

(PRINCIPAL INVESTIGATOR)

. Dr. Vinodkumar Rathod
M.Sc. M Phil. Ph.D.
» Agst. Professor of Physics
Govt. College (Autonomous) KALABURAGI-05

e

PRINCIPAL

Govt. College (Autonomous)
KALABURAGI-585102
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AVANTI PATIL & ASSOCIATES

CHARTERED ACCOUNTANTS

i - t
# 3-30/3 - Laxminarayana Complex - Sarasw.atl Godam $upirh Z‘I;?ﬁe
\\ Main Road, KALABURAGI - 585 101 - E-mail ; casgavanti@yahoo.
Tel. : 08472-224733 - Mob. : 9482549103

f
pate ;22\ 221 d........
Ref No.
Annexure -V
UTILIZATION CERTIFICATE
Certified that the grant of Rs. 75,000=00 (Rupees SEVENTY

FIVE THOUSAND only) received from the University Grants Commission under the
scheme of support for Minor Research Project entitled “SYNTHESIS AND
CHARECERIZATION OF LITHIUM-ZINC FERRITES” vide UGC letterNo.MRP(S)-
0425/13-14/KAGU009/UGC-SWRO dated 28/03/2014 has been fully utilized for the purpose
for which it was sanctioned and in accordance with the terms and conditions laid down by the
University Grants Commission.

If as a result of _check or audit objection, some irregularity is noticed at a later
stage, action will be taken to refund or regularize the objected amount. It is further certified
that inventories of ;')ermanent or semi-permanent assets created/acquired wholly or mainly out
of the grants given by the University Grants Commission as indicated above are being
maintained in the prescribed form and are being kept up to date and these assets have not been

disposed of encumbered or utilized for any other purpose.

For Avanti Patil & Associates
Chartered Accountants

Place: Kolabutags

W (Slmmbhul" gappa G. Avanti)
artner -
SIGNATURE OF THE STATUTORY UBITOR

. PRINCIPAL INVESTIGATOR Govt. College (Autonomous)
Dr. Vinodkumar Rathod KALABUR&GI-585102
M Sc. M.Phil. Ph.D. (Seal)
Asst. Professor of Physics
Gowt. College (Autonomous) KALABURAGI-05

UDPR V] a6\ AAAA B KRAY
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Date: &3]1[‘2@13

Place: KQ,[M

PRI

/ GOVERNMENT DEGREE COLLEGE (MRP)(S)
— SEDEM ROAD KALABURGI-585105

/

B_I_ECCEIPTS ANDPAYMENTSACCOUNT FOR THE YEAR END
/’-_1—-
RECEIPTS AMOUNT PAYMENTS AMOUNT
B
To Openin Balance By Non-Recurring

Cash on Hand - Books &Journals 10,000.00

Cash on bank -

-

Grant Received from Recurring
MRP(S)-0425/13- Contingency 20,000.00
| 14/1(AGU009/UGC/SWRO Dated | 42,500.00 Chemicals & glassware 20’000.00
|| 28/03/2014 Field work &Travel 5:000.00
| Hand loan 32,500.00 -
Closing Balance -
Cash on hand ---

| Cash at Bank
| Total 75,000.00 | TOTAL 75,000.00

For Avanti Patil & Associates
Chartered Accoungants

(Shambhuligjgappa G. Avanti)
Partner °

Govt. College (AutGnomous)
KALABURAGI-585102
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Annexure - ITI
UNIVERS!’I‘Y GRANTS COMMISSION
BAHADUR SHAR ZAFAR MARG
NEW D -
STATEMENT OF EXPENDITY RESP RO 002

IN RESPECT OF MINOR RESEARCH PROJECT
1. Name of Principal Investigator

2. Dept. of Principal Investigat Dr. Vinodkumar Rathod
. ' S lga or De t. fP .
University/College Pt. of Physics,

Govt. C .
3. UGC approval Letter No, ang Date Rpe cec, Kalaburagir

585105
MRP(S)I 13-14IKAGU009IUGC-SWRO
_ _ dated 15- Feb-2014
4. Title of the Research Project Synthesis and Characterization of Lithium-Zine
) . Ferrites
5. Effective date of starting the Pproject 28 March 2014
6. a. Period of Expenditure

From 28
b. Details of Expenditure rom 28 March 2014 to 28 Nov 2019

SLNo. Items UGC Sanctioned Grant received Expenditure
amount Rupees Rupees incurred Rupees

1 Non—Recurring:

Books and Journalg 10,000=00 10000=00 10,000=00
2 Recurring:

Contingency including special | 20,000=0¢ 10,000=00 20,000=00

needs

Chemicals and Glasswares 40,000=00 20,000=00 40,000=00

Field and trave| 5,000=00 2,500=00 5,000=00

Total 75,000=00 42,500=00 15,000=00
¢. Staff Date of Appointment: Not Applicable,
It is certified that the grant of Rs. 42,500/- (Rupees Fourty two thousand and five hundred only)
received from the sanctioned amount Rs 75,000/ - (Seventy five thousand only) from the
University Grants Commission under the g¢

heme of support for Mino
ium-Zine Ferrites vide

8- Mar-2014 have been

Synthesis and Characterization of Lith
0425/13-14IKAGU009IUGC-SWRO dated 2
for which it was sanctioned and in accord

r Research Project entitled
UGC letter No. MRP(S)-
fully utilized for the

purpose
ance with the terms and conditions laid down by the
University Grants Commission,
My~
PRINCIPAL NI
INVESTIGATOR
Dr. Vinodkumar Rathod

Govt. College (Autonomous)
KALABURAGI-585102
M.Sc. M.Phil. Ph.D.
Asst. Professor of Physics

Govt. College (Autonomous) KALABURAGI05
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Annexure - IV

UNIVERSITY GRANTS COMMISSION
BAHADUR SHAH ZAFAR MARG
NEW DELH] - | 10002

Place visited Journey Incurred (Rs.)
\_\ﬁoﬁ“\‘m‘“\\‘
IISC Bangalore 09-06-2014 | 12062012 _\*TraT“—_“T%“‘
1ISC Bangalore | 27.043515 29-04-2015 Train | 1002
IISC Bangalore mm Train | @
IISC Bangalore [ 16-112016 19-11-201¢6 ‘W_“m“‘
IISC Bangalore mw_‘m“w\
IISC Bangalore WW‘TW
TOTAL ﬁ\\w\'
— ]
Certified that the above expenditure is in accordance with the UGC norms for Minor Research r
Projects.
@/%/
PRINCIPAL INVESTIGATOR iﬁ%‘f&
Dr. Vinodkumar Rathaogd

M.Sc. M.phj), Ph.D,
Asst. Professor of Physics

Gowt, College (Autonomous) KALABURAGI-05

Govt. College (Autonomous)
KALABURAGI-585102

|
|
i

|
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Annexure - VIi

UNIVERSITY GRANTS COMMISSION
BAHADUR SHAH ZAFAR MARG

NEW DELHI - 110 002
PROFORMA FOR SUBMISSION OF INFORMATION AT THE TIME OF SENDING THE
FINAL REPORT OF THE

WORK DONE ON THE PROJECT
1 | NAME AND ADDRESS OF THE PRINCIPAL Dr.Vinodkumar Rathod, Assistant professor
INVESTIGATOR of Physics, Govt college Kalabuigi_
o | NAME AND ADDRESS OF THE INSTITUTION Department Of Physics, Govt.college,
Kalaburagi-SSS 105 Karnataka
3 UGC APPROVAL NO. AND DATE No. MRP(S)-0425/I3-14/KAGU009/UGC-
SWRO dated 28- Marr-2014
4 | DATE OF IMPLEMENTATION 28 March 2014
RE OF THE P
5 TENURE OF TH ROJECT Two years From 28-03-2014 to 28-03-2016
6 | TOTAL GRANT ALLOCATED Rs. 75,000=00
7 TOTAL GRANT RECEIVED Rs. 42,500=00
s | FINAL EXPENDITURE Rs.75,000=00
9 | TITLE OF THE PRO JECT S).'nt.hesis a.nd Characterimtion of
Lithium-Zin¢ Ferrites
10 | OBJECTIVES OF THE PROJECT Enclosed Annexure —VIII-1
WHETHER OBJECTIVES WERE ACHIEVED fe e o
11 (GIVE DET ALLS) Yes (Details given in Annexure VIII-2)
Required Chemicals were brought, The
12 ACHIEVEMENTS FROM THE PROJECT samples were synthesized and XRD, SEM,
EDAX, FTIR characterizations were carried
out,
SUMMARY OF THE FINDINGS
I1-3
li (IN 500 WORDS ) Enclosed Annexure-V
CONTRIBUTION TO THE SOCIETY
14 | (GIVE DETAILS)
WHETHER ANY PH.D.ENROLLED/PRODUCED
15 | OUT OF THE PROJECT YES
16 NO. OF PUBLICATIONS OUT OF THE 02
PROJECT

,E
f

(PRINCIPAL INVESTIGATOR)

Dr. Vinodkumar Rathod

M.Sc. M.Phil, Ph.D,
Asst. Professor of Physics

Govt. College (Autonomous) KALABURAGI-05

PR{’W

RINCIP
Govt. College (Autonomous)
KALABURAGI-585102
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Govt. of Karnataka

Department of Collegiate Education
GOVERNMENT COLLEGE (AUTONOMOUS) Y]

KALABURAGI-585105

Ph: 08472 - 245061.1. V.Vebsite: httg:[[gc.kar.nic.ln[kalaburagi[
Email : principal.gc.kalaaburagi@gmail.com

D

Date: 25-1 1-2019

CERTIFICATE

Project (MRP) entitled
F LITHIUM-ZIN C

ant Professor , Dept. of

1. It is certified that, a copy of Final report of Minor research

«§YNTHESIS AND CH_ARECTERIZATION @)
FERRITES ” submitted by Dr. Vinodkumar Rathod , Assist

Physics, has been kept in the college Library.

utive summary of the Minor research Project (MRP) entitled

«§YNTHESIS AND CHARECTERIZATION OF LITHIUM ZINC

FERRITES?  has  Dbee? uploaded  in website:

http://gc.kar.nic.in/kalaburagi/

the college

g
PRlNCI A

Govt. College (Autonomous)
KALABURAGI-585102
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Annexure VIII-1
Introduction of the Project:

Pure and substituted lithium ferrites arc low cost materials used for a wide variety of

technological applications [1-6]. Lithium ferrite finds applications in many high frequency

electronic devices such as in microwave circulators, isolators, phase shifters and absorbers,

because of its high permeability (in microwave frequency range) and high Curie temperature.

The other properties which make Li-ferrite suitable for such applications are its high electrical

resistivity, mechanical strength and chemical stability [2, 7]. Lithium ferrite is often doped with

other cations to optimize its electrical, magnetic, and elastic properties [2]. Previously, non-

magnetic ion substituted lithium ferrites were prepared using different methods such as

‘; conventional double sintering [8], sol-gel [9-11] and solid-state reaction of inorganic precursors

[12] etc. Synthesis of lithium ferrites using these methods is either, time and power consuming,

i
|
!
|

or cumbersome. In addition, in solid state reaction route, high calcination temperature lowers the
magnetization due to precipitation of a-Fe;0s, or formation of Fe;O4 phase along with a non-
magnetic phase (e.g., ZnO in case of Li-Zn ferrites). Furthermore, the reduction of Fe** to Fe**
(during the formation of Fe3O4) can lead to an increased electrical conductivity limiting these
materials in microwave applications, where high resistivity and minimum dielectric loss are
required [7].

Previously, Li-Zn ferrite powders were prepared by simple methods such as microwave-
induced glycine-nitrate process [13, 14] and solution combustion [15]. These methods require
nitrate precursors which are hygroscopic, not always commercially available and often expensive
than oxide precursors. To overcome these limitations, we have used ‘combustion synthesis’
method [16-17], which is an advanced approach in powder metallurgy. In this method, the oxide

precursors (solids) and the fuel are homogenously mixed followed by a rapid exothermic
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reaction. The reaction is initiated by heating the precursor materials to a lower temperature, e.g.,
~ 250 °C. The fuel is then ignited at its flash point and the reaction self-sustains due to its
exothermic nature. Here, for the first time we have used combustion synthesis method to
synthesize Li-Zn ferrite powders using polyethylene glycol (PEG) as fuel. As PEG contains
saturated bonds, it provides more energy during its combustion and facilitates the formation of,
otherwise difficult to form, Li-Zn ferrite. In this technique, like a few of the above techniques
(e.g., solution combustion), nanoscale powders of desired composition can be synthesized in one
step, avoiding additional calcination, because the heat generated due to bumning of the fuel is
sufficient to form the desired phase [7]. Hence, the combustion synthesis method is promising
for the synthesis of wide varieties of powders with fine microstructures and tailored properties.
Lithium ferrites are spinel ferrites having general formula AB2Os. For spinels this
formula is generally represented as (A)[B2]Os, where the parenthesis represents the tetrahedral
site and the square bracket represents the octahedral site. In normal spinel ferrites the tetrahedral
(A-) site is occupied by a divalent cation (such as Zn?*, Mg?* etc.) and octahedral (B-) site is
occupied by trivalent cation (such as Fe**). In inverse spinel ferrites, the divalent cations (such as
Ni**) occupy the B site. In some ferrites, the occupation of divalent cations is distributed in A-
and B-sites: these ferrites are known as mixed spinel ferrites. Our studied samples, Zn-doped
lithium-ferrites, are typical examples of mixed spinel ferrites of the type (Zn«Fei-x)[{Liq-x2Feq-
x2}Feq+x]0s, where the Zn** cation goes to the A-site and the combination of cations,
[Li*o.sFe**o.5], which forms the divalent-metal cation, goes to the octahedral (B-) sites. The rest
of the Fe** cations are distributed in the A- and B-sites. The distribution of different cations at

the interstitial sites modifies the infrared absorption spectrum, as the dipole moment change

during vibration of the cation complexes varies due to different mass, charge and strength of

interaction between A- and B-site complexes.

l
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The mechanical propertics of materials can be understood from the nature of the chemical
bond and their vibrational propertics. In general, most of the properties such as mechanical,
vibrational, elastic and thermal ctc. depend on the nature of binding forces between the atoms in
the materials. As the binding forces depend on the type of atoms/ions and the inter-atomic/inter-
jonic forces involved, the substitution of host element by dopants invariably result in varied
physical properties. Hence, lithium ferrite is often doped with other cations to tune its electrical,

magnetic, and elastic properties [18].

Infrared (IR) spectroscopy deals with the interaction between a molecule and IR
radiation, which causes the excitation of the vibrations (stretching and bending) of bonded atoms
within the molecule. The vibrations of cations which are bonded to the oxygen ions in ferrites
produce different vibrational frequencies that appear as IR absorption bands in the FTIR
spectrum. Hence, the position of the spectral bands depends on the type and strength of bonding,
coordination between the ions involved, crystal/local symmetry and type (mass) of the ions
involved. The principle of FTIR spectroscopy can be well understood using spring-model of

vibration of atoms, wherein the wave number v is defined as:

v = R/l (1)
where k is the spring (force) constant, u is the reduced mass of ions involved and c is the velocity of
light, The force constant is a measure of bond strength. The mechanical (elastic), thermal and vibrational
properties are closely related to each other and these properties can be determined from the
frequencies of vibrations of the atoms and the force constants between the vibrating atoms. As the
force constant is an important quantity controlling elastic properties of materials, it is quite interesting
to obtain the force constants (k) and other elastic moduli of Li-Zn ferrites, keeping in mind their
potential mechanical, thermal and industrial applications [19-22].

The elastic and thermal properties of Li-Zn ferrite (Lios-x2Zn« Fezs5.x20s) powder
samples have been determined from FTIR spectrum. Using the reduced mass (x) and observed
absorption frequencies (in the FTIR spectrum), the force constant (k) was calculated from the
spring model of atomic vibrations (eq. 1). Other mechanical parameters such as elastic wave

velocity, elastic moduli and Debye temperature (éb) were also calculated based on these results.

The Debye temperature (ép) is an important quantity in understanding the vibrational and
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thermal properties of the materials which depends on the vibrational density of states and the
vibrational amplitude of the oscillating atoms. However, we have calculated the Debye
temperature of Li-Zn ferrite samples using two different formalisms based on the FTIR spectral
results as will be discussed in the following sections. The results, especially the Debye
temperature, were compared with the experimental results available on similar materials [23]

obtained using the ultrasonic pulse transmission (UPT) technique.

Objectives
» To synthesize and characterize Lithium Zinc Ferrites,
» To study the structure, Vibrational Spectroscopy, Elastic-thermal and magnetic
properties, of Lithium Zinc Ferrites.

Methodology

» To synthesize the Lithium Zinc ferrites by the Combustion Synthesis technique,

> To characterize the Lithium Zinc ferrites by employing XRD, SEM, TG-DSC, FTIR,
PFM and Méssbauer spectroscopy.

» To determine density of Lithium Zinc ferrites.

» Rietveld refinements of the structural parameters were carried out using the program
“FullProf”
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Annexure VIII-2
Summary of the findings (Brief Report):

Lithium zinc ferrites with the general formula Lio s.x2Zn.Fez2.5.x204 (x = 0.0, 0.2, 0.4, 0.6,
0.8 and 1.0) were prepared using combustion synthesis method. Stoichiometric amount of
; precursor materials Li2COs3, ZnO and Fe;O3 (all of AR grade) were mixed and thoroughly
ground in agate mortar and pestle for ~ 1 h. PEG (MW = 6000) was added to the precursor
:. mixture with a precursor to PEG weight ratio of about 1:2 and the grinding process was further
continued for about 2 h. The resulting mixture was taken in an alumina crucible and heated to
? about 450 °C inside the furnace. Initially the PEG melted at around 75 — 80 °C, the exothermic
| reaction started (at ~ 300 — 450 °C), progressed and completed in about a few minutes, which
produced the required Li-Zn ferrite powder. The powders were retained inside the furnace at that

§ temperature (~ 450 °C) for 4 h. The resulting powder was then used for characterizations.

|

: Different stages involved during progress of combustion synthesis of Li-Zn ferrite samples were
|

monitored by thermo-gravimetric analysis (TGA) and differential scanning calorimetry (DSC). The

detailed procedure used for the synthesis of the samples is described [24].

The scanning electron micrographs of the synthesized samples show foamy network type of
morphology with rod-shaped particles. Rietveld refinement of the X-ray diffraction (XRD) data
confirmed the preferential occupancy of the Zn-atoms at the tetrahedral sites and the Li atoms at the
octahedral sites of the spinel structure. Trace amounts of zinc-oxide and iron-oxide impurity phases were
found for the samples with high Zn content (x > 0.6). The comparison of the particle sizes obtained from
scanning electron micrographs and the crystallite sizes estimated from XRD results suggest that the
particles are polycrystalline aggregates of a few crystalline grains. Fourier transform infrared (FTIR)
spectroscopy confirmed the presence of broad (vibrational) absorption bands between ~ 300-500 cm™ (v))
corresponding to tetrahedral complexes and between ~ 530-800 cm™ (v;) corresponding to octahedral
complexes in the spinel structure of the Li-Zn ferrites. The phase compositions of the samples were
obtained from the analysis of M8ssbauer spectra and XRD patterns. Substitution of higher amount of Zn**
ions reduces the saturation magnetization of the samples. Our work demonstrates that combustion

synthesis method is a cost effective and simple way to synthesize bulk amount of Li-Zn ferrite samples

|
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with desired physical properties. The details about the obtained structural parameters and the

content of the phases is described [24].

The FTIR spectrum for each of the sample consists of two broad absorption bands: one at
~510 - 800 cm™ corresponding to the vibrations of tetrahedral complexes (v/) and the other, at ~
250 - 510 cm corresponding to the vibrations of octahedral-complexes (vz) in the spinel
structure of the Li-Zn ferrites. Each of these band is further split into four sub-bands. Based on
the structure and the occupancy of the cations we have explained the observed infrared
absorption bands. Pronounced splitting of the v; and v bands in pure Lio.sFe2504 were observed
due to the LiOs complexes partially replacing the FeOs complexes at the octahedral interstitial
sites. The vibrational frequencies of the LiOs complexes are different from FeOs complexes due
to the difference in their low reduced mass and valence of the cations (lower bond strength). The
resolved bands smear out with increasing Zn content (x) owing to higher statistical disorder in
the occupancy of the cations at the tetrahedral and octahedral sites. We observe that the
vibrations of the tetrahedral and octahedral complexes are not isolated but rather correlated. Our
work helps in understanding the correlation of cation occupancy with the vibrational properties
of nanocrystalline Li-Zn ferrites. The experimentation is discussed in detail. The vibrational

modes corresponding to the sub bands has been discussed in detail [25].

Composition dependent elastic and thermal properties were derived from the analysis of
the Fourier transform infrared (FTIR) spectra measured at RT. Each FTIR spectrum consists of
two broad absorption bands corresponding to the vibrations of octahedral- and tetrahedral-
complexes in the spinel structure of the Li-Zn ferrites. We observed pronounced splitting of both

the bands of pure Lio sFe2504 due to the presence of light weight Li" ions at the octahedral sites.
However, the splitting smears out with increasing Zn content (x) due to statistical disorder in the
the IR absorption frequencies, the lattice parameters and the
valuated the elastic and thermal parameters of the studied Li-
n-content and compared those with available experimental
nstants for the octahedral site complexes are low in

comparison to that of the tetrahedral sites. However, both the force constants increase with
ngitudinal elastic wave velocities are higher than the

's modulus (E), bulk modulus (B)

occupancy of the cations. Using
mass-densities of our samples, we €
Zn ferrite samples as a function of Z

results. We found that the force co

increasing Zn content. Furthermore, the lo

transverse wave velocities. The elastic moduli such as Young

S
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and rigidity modulus (G) showed increasing trends with Zn concentration in the samples. The
calculated Debye temperature (6p) is close to the experimentally obtained values. Our results
provide a better understanding of the variation of mechanical, clastic and thermal properties of
Li-Zn ferrites. The structural, elastic and thermal properties of all synthesized samples were
studied in detail [26].

Annexure VIII-3

Conclusion:

The main findings of the present work are given in the following;

The main objective of the present work was to synthesize the Li-Zn ferrite from a low
temperature combustion synthesis technique by using Polyethylene Glycol (PEG) of molecular
weight 6000 as fuel and to study the structural, elastic & thermal, magnetic and electrical

properties of Li-Zn ferrites.

Zn- substituted lithium ferrite samples (Lio.s-v2ZnxFez 5.x204, where x = 0.0, 0.2, 0.4, 0.6,
0.8 and 1.0) were prepared by combustion synthesis technique. The Li-Zn ferrite particles have
rod shaped structure. Rietveld analysis of XRD data showed the structural transition from the a-
spine] (for pure lithium ferrite) to B-spinel on Zn-substitution. Also, with the increase in Zn-
content, due to limited solid solubility, the impurity phases were found to have formed, whose
abundance increased with Zn- content. The cation distributions at the interstitial sites confirmed
negligible occupation of Zn?* in the octahedral sites. FTIR spectroscopy corroborated the XRD
results in confirming the cubic spinel phase formation with the absorption bands between ~ 550-
800 cm™ (v;) corresponding to tetrahedral- and between ~ 300-500 cm™ (vz) corresponding to
octahedral- complexes in the spinel structure of the Li-Zn ferrite. The results obtained from the

XRD are well supported by the RT Méssbauer spectroscopy and magnetic measurements. Our
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work demonstrates a cost effective way to synthesize Li-Zn ferrite samples by using simple

combustion synthesis method.

The correlation between the tetrahedral and octahedral complexes and their relation to the
splitting of the infrared absorption band of Zn- substituted lithium ferrite samples were studied
by FTIR spectroscopy. The cubic spinel phase is confirmed via the observation of two absorption
bands at _ 510-800 cm_1 (nl) corresponding to tetrahedral-complexes and at _ 300-510 cm 1
(n2) corresponding to octahedral-complexes in the spinel structure of the Li-Zn ferrite. The
tetrahedral and octahedral bands split due to the presence of light weight Li+ ions at the
octahedral site along with heavy Fe3+ jons. The band splitting observed in case of lithijum ferrite
disappeared with increasing Zn content which is interpreted as the increased disorder in cation
distribution at octahedral sites. Our observation shows that the correlated vibrations of the

tetrahedral and octahedral complexes decide the infrared absorption spectra of Li-Zn ferrites.

The elastic and thermal properties of Zn- substituted lithium ferrite samples were studied
using FTIR spectroscopy. The tetrahedral and octahedral bands split due to the presence of light
weight Li* ions at the octahedral site along with heavy Fe** jons. The band splitting observed in
case of lithium ferrite disappeared with increasing Zn content which is interpreted as the
increased disorder in cation distribution at octahedral sites. The force constant for the tetrahedral
site complexes are higher than that of the octahedral site complexes. The elastic sound waves
travels faster longitudinally than that in the transverse direction. The elastic (Young’s, Bulk and
Rigidity) moduli calculated using the method by Waldron showed the progressive increase in
their values with Zn-concentration in the samples. A comparison between Debye temperatures
(6b) estimated by Waldron and Anderson methods showed that Anderson method resulted in

lower value of Op in comparison to the method by Waldron, but is more close to the reported
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experimental value. The high elastic moduli and Dcbye temperature for our samples are due to
stronger interaction between ions resulting in stiffer crystal,

The low coercivity values observed for all the samples suggest that the samples are soft
magnetic in nature. As the non-magnetic Zn-content increases in the samples the saturation

magnetization decreases and the remanent magnetization also decreases (making the LZF10

sample almost paramagnetic) at RT.

The sextet distribution signifies that there is a small disorder in the spatial positions of the
Li* ions (and hence, Fe** ions) present at the octahedral sites. The Mdssbauer spectra for the
LZF2 sample shows a sextet pattern with the Méssbauer lines tailing towards the lower hyperfine

field values. This happens due to the substitution of non-magnetic Zn?* ions at the tetrahedral site

of the spinel structure of Li-ferrite

Contribution to the society:
Lithium-Zinc ferrites are low cost materials used for a wide range of technological

applications such as in microwave circulators, isolators, phase shifters, sensors and other

microwave applications.
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Pure and substituted lithium ferrites are low cost materials used for
1vide variety of technological applications [1-6]. Lithium ferrite finds
pplcations in many high frequency electronic devices such as in
mcrowave circulators, isolators, phase shifters and absorbers, because
iitshigh permeability (in microwave frequency range) and high Curie
emperature, The other properties which make Li-ferrite suitable for
ch Bl’lﬂif.‘ations are its high electrical resistivity, mechanical strength
d chenical stability [2,7). Lithium ferrite is often doped with other
dlons to optimize it electrical, magnetic and elastic properties [2].

O8ly, non-magnetic ion substituted lithium ferrites were pre-
0 ]‘.“““K different methods such as conventional double sintering

281 [9-11] and solid-state reaction of inorganic precursors [12]

thesis of lithium ferrites using these methods is either time and

\
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- such as microwave-induced glycine-nitrate process [13,14] and solu-
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We report the effect

" of Zn'substlh]

o 2Zn,Fe, tion on the -

laferts s invoxlv eﬁs—dmc')" X=0.0,0.2, 0.4, 06,08 ang :ﬁ;ldure anfi Magnetic properties of Li-ferrite powders (Ligs_,

P . CUNDE progress of cop ustion t.h) fyhesized by combustion synthesis route. Different stages/

el mﬁ‘:f:;m i g:f'atv;memc analysis (TGA) anq dlﬁe'enﬁalsinca nfls ifa] Li-Zn ferrite samples were monitored by thermo-

ot © Synthesized samples g, '"8 calorimetry (DSC). The scanni

- W’“"’“’W refinement of the X-rayl:i iﬂ‘r: ct‘::; foamy) l;twurk type of morphology with mﬁgmﬂl:w“mh;

Japoetim? tetrahedral sites ang the Liatoms at the oclahe:;,. c]m%ﬁme‘l the preferential occupancy of the Zn-atoms at the
iron-oxide impurity phases were found for the sa st;es Of'the o rture: Trace e a0 Raecxideiand
particle sizes obtained from scanning electrop amples with high Zn content (x » 0 6). The comparison of the
suggest that the particles are polyerystalling am““'ﬂmphs and the crystallite sizes estimated from XRD results
(FTIR) spectroscopy confirmed the presenoegg:elgaatezof? few crystallne grains. Fourier transform infrared
800 em™ (v;) co nding to tetrsf Of broad (vibrational) absorption bands between ~ 510 and

I edral complexes and between ~ 250 and 510 em™ i
octahedral complexes in the spinel st A - (v2) corresponding to
. Tucture of the Li-Zn ferrites. The phase compositi; f th 1

obtained from the analysis of Méssh positions of the samples were
reduces the saturation ma moss auer spectra and XRD patterns. Substitution of higher amount of Zn?* ions
is a cost effective and si r:nle tion of the “31:'1131e3. Our work demonstrates that combustion synthesis method
Eropeties, ple Way to synthesize bulk amount of Li-Zn ferrite samples with desired physical

1, Introduction power consuming or cumbersome, In addition, in solid state reaction

route, high calcination temperature lowers the magnetization due to
precipitation of a-Fe,0; or formation of Fe;0, phase along with a non-
magnetic phase (e.g., ZnO in case of Li-Zn ferrites). Furthermore, the
reduction of Fe** to Fe?* (during the formation of Fe;0,) can lead to an
increased electrical conductivity limiting these materials in microwave
applications, where high resistivity and minimum dielectric loss are
required (7).

Previously, Li-Zn ferrite powders were prepared by simple methods

tion combustion [15]. These methods require nitrate precursors whx:ch
are hygroscopic, not always commercially ava.!'la?le -and often expensive
than oxide precursors. To overcome thw.s hl_mtnhons, we have used
‘combustion synthesis’ method [16,17], wlnc'h is an advanced aPproach
in powder metallurgy. In this method, the oxide precursors (solids) and
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Lithium ferrites are low cost materials used for a wide variety of
technological applications [1-6]. Lithium ferrites are used in many
. electronic devices for high frequency applications such as in
microwave circulators, isolators, phase shifters and absorbers, due
to their high permeability in this frequency range and high Curie
temperature. The other properties which make Li-ferrite suitable
. for such applications are its high electrical resistivity, mechanical
strength and chemical stability [2,7]. Lithium ferrites are spinel
ferrites having general formula AB;O4. For spinels this formula is
generally represented as (A)[B2]Os, Where the parenthesis
represents the tetrahedral site and the square bracket represents
the octahedral site. In normal spinel ferrites the tetrahedral (A-)
site is occupied by a divalent cation (such as Zn?", Mg*" etc) and
Octahedral (B-) site is occupied by trivalent cation (suchasFe*’).In

‘ .

Corresponding author.
-, Email address: bsahoo®@mrc.isc.ernet.in (B. Sahoo).
These authors contributed equally.

hwéo 0L.0rg/10.1016/j.vibspec.2017.08.008
31/© 2017 Elsevier B.V. All rights reserved.

Jated vibrations observed due to the LiOg complexe i
(oTe i) sites. The vibrational fr:quengi o osr[:::n;léy replacing the FeOg complexes at the octahedral interstitial
p;.m-oon e spltting difference in their reduced s complexef are different from FeOg complexes due to the
: ) ed mass and valence of the cations (lower bond

|i-2n ferrites smear out with increasing z i i o i ik
- A SIng Zn content (x) owing to higher statistical disorder in the occupancy of the
: ohnsda the tetrahedral and octahedral sites. We observe that the vibrations of the tetrahedral and
octahe _ral comp!exes are not isolated but rather correlated. Our work helps in understanding the

correlation of cation occupancy with the vibrational properties of nanocrystalline Li-Zn ferrites.
© 2017 Elsevier B.V. All rights reserved.
| Introduction inverse spinel ferrites, the divalent cations (such as Ni**) occupy
the B site. In some ferrites, the occupation of divalent cations is

distributed in A- and B-sites: these ferrites are known as mixed
spinel ferrites. Our studied samples, Zn-doped lithium-ferrites, are
typical examples of mixed spinel ferrites of the type (ZnyFeyx)
[{Lic1-xy2Feqt-xy2)Feqian]0s where the Zn®* cation goes to the A-
site and the combination of cations, |Li%. sFe3*os], which forms the
divalent-metal cation, goes to the octahedral (B-) sites. The rest of
the Fe3* cations are distributed in the A- and B-sites. The
distribution of different cations at the interstitial sites modifies

the infrared absorption spectrum, as the dipgle moment Fhange
during vibration of the cation complexes varies due to dxffere.nt
mass, charge and strength of interaction between A- and B-site

complexes. )
The mechanical properties

the nature of the chemical bon

of materials can be understood from
d and their vibrational properties. l?
the properties such as mechanical, vibrational,

gleansiirca l;r?;otslie?:nal efc. g:penq on the nature .of bindingd force;
petween the atoms in the materials. As the bm_dlpg for.ces' epen

e of atomsfions and the inter—atomlcllnter-lopxc fgrces

;:r;?veectiw:he substitution of host element by dopants invariably
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