
ORIGINAL ARTICLE

ISSN No :2231-5063

International Multidisciplinary 
Research Journal

Golden Research 
Thoughts 

             Chief Editor
Dr.Tukaram Narayan Shinde

              Publisher
Mrs.Laxmi Ashok Yakkaldevi

Associate Editor
Dr.Rajani Dalvi

          Honorary
Mr.Ashok Yakkaldevi

Vol 5 Issue 2 Aug 2015



 Editorial Board

International Advisory Board

Welcome to GRT
ISSN No.2231-5063

          Golden Research Thoughts Journal is a multidisciplinary research journal, published monthly in English, 
Hindi & Marathi Language. All research papers submitted to the journal will be double - blind peer reviewed 
referred by members of the editorial board.Readers will include investigator in universities, research institutes 
government and industry with research interest in the general subjects.

RNI MAHMUL/2011/38595                                                                                             

Address:-Ashok Yakkaldevi  258/34, Raviwar Peth, Solapur - 413 005 Maharashtra, India
Cell : 9595 359 435, Ph No: 02172372010 Email: ayisrj@yahoo.in Website: www.aygrt.isrj.org

Pratap Vyamktrao Naikwade
ASP College Devrukh,Ratnagiri,MS India

R. R. Patil
Head Geology Department Solapur 
University,Solapur

Rama Bhosale
Prin. and Jt. Director Higher Education, 
Panvel

Salve R. N.
Department of Sociology, Shivaji 
University,Kolhapur

Govind P. Shinde
Bharati Vidyapeeth School of Distance 
Education Center, Navi Mumbai

Chakane Sanjay Dnyaneshwar
Arts, Science & Commerce College, 
Indapur, Pune

Awadhesh Kumar Shirotriya
Secretary,Play India Play,Meerut(U.P.)

Iresh Swami
Ex - VC. Solapur University, Solapur

N.S. Dhaygude
Ex. Prin. Dayanand College, Solapur

Narendra Kadu
Jt. Director Higher Education, Pune

K. M. Bhandarkar
Praful Patel College of Education, Gondia

Sonal Singh
Vikram University, Ujjain

G. P. Patankar
S. D. M. Degree College, Honavar, Karnataka

Maj. S. Bakhtiar Choudhary
Director,Hyderabad AP India.

S.Parvathi Devi
Ph.D.-University of Allahabad

Sonal Singh,
Vikram University, Ujjain

Rajendra Shendge
Director, B.C.U.D. Solapur University, 
Solapur

R. R. Yalikar
Director Managment Institute, Solapur

Umesh Rajderkar
Head Humanities & Social Science 
YCMOU,Nashik

 S. R. Pandya
Head Education Dept. Mumbai University, 
Mumbai

Alka Darshan Shrivastava
Shaskiya Snatkottar Mahavidyalaya, Dhar

Rahul Shriram Sudke
Devi Ahilya Vishwavidyalaya, Indore

S.KANNAN
Annamalai University,TN

Satish Kumar Kalhotra
Maulana Azad National Urdu University

Mohammad Hailat
Dept. of Mathematical Sciences, 
University of South Carolina Aiken

Abdullah Sabbagh
Engineering Studies, Sydney

Ecaterina Patrascu
Spiru Haret University, Bucharest

Loredana Bosca
Spiru Haret University, Romania

Fabricio Moraes de Almeida
Federal University of Rondonia, Brazil

George - Calin SERITAN
Faculty of Philosophy and Socio-Political 
Sciences Al. I. Cuza University, Iasi

Hasan Baktir
English Language and Literature 
Department, Kayseri

Ghayoor Abbas Chotana
Dept of Chemistry, Lahore University of 
Management Sciences[PK]

Anna Maria Constantinovici
AL. I. Cuza University, Romania

Ilie Pintea,
Spiru Haret University, Romania

Xiaohua Yang
PhD, USA

                                                  ......More

Flávio de São Pedro Filho
Federal University of Rondonia, Brazil

Kamani Perera
Regional Center For Strategic Studies, Sri 
Lanka

Janaki Sinnasamy
Librarian, University of Malaya

Romona Mihaila
Spiru Haret University, Romania

Delia Serbescu
Spiru Haret University, Bucharest, 
Romania

Anurag Misra
DBS College, Kanpur

Titus PopPhD, Partium Christian 
University, Oradea,Romania



Golden Research Thoughts                        Impact Factor : 3.4052(UIF) 
ISSN 2231-5063             Volume - 5 | Issue - 2 | Aug - 2015 

MAGNETIC AND MAGNETOSTRICTIVE PROPERTIES OF 
TERFENOL-D LIKE ALLOYS

1 2Jitendra Pendharkar and  Manohar Nyayate.
1K J Somaiya College of Science and Commerce, Vidyavihar, Mumbai.

2
B N Bandodkar College of Science , Thane.

ABSTRACT  

KEYWORDS :

INTRODUCTION :

t was observed that RFe  compounds exhibits large 2

Magnetostriction effects (1,2) at room Itemperature, and Terfenol-D which is a 
composition of Tb Dy Fe  exhibits maximum 0.3 0.7 1.97

Magnetostriction of 1450 micro strain at room 
temperature in polycrystalline form. The change in the 
magnetic and magnetostrictive properties has been 
studied by changing its composition. The Iron is 
replaced by Cobalt which is another d block 
ferromagnetic element in first case and in second 
sample Dysprosium is replaced by Gadolinium which 
is another rare earth element in lanthanide series. The 
change again gives good Magnetization at 3oK as well 

as low coercivity. But due to cobalt the combinations turns to be paramagnetic at room temperature. 
Adding Gadolinium instead of Dysprosium causes net change of 600 micro strain but showed negative 
strain of 150 micro strains.  

Terfenol-D, Magnetostriction, Magnetization.

Giant Magnetostrictive effect was observed in RFe  compounds and it was observed that 2

strain produced in such polycrystalline alloys or single crystals can be of the order of few hundreds of 
micro strains under strong magnetic fields. The maximum Magnetostriction was found in Terfenol-D 
which is around 1500 micro strains at room temperature. Here is an attempt in knowing about 
magnetic and magnetostrictive properties of similar compositions. Observations were made by 
changing certain elements having similar properties (5,6) and also added in similar proportions. 
Initially dysprosium is replaced by Gadolinium which shows helical orientations of magnetic moment 
but is rare earth element of similar type, and in second attempt Iron is replaced by cobalt which is 
again d block ferromagnetic element. The M-H loop, Magnetization and Magnetostrictive properties 
were observed for each sample. 
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Objectives:
Following objectives were made for this research:

Experimental Details:

XRD Measurements:

1)Study of Magnetic properties like M-H loop, change in Magnetization with temperature of sample 
with Gadolinium, and its comparison with Terfenol-D.
2)Study of Magnetic properties like M-H loop, change in Magnetization with temperature of sample 
with Cobalt, and its comparison with Terfenol-D.

The samples with respective elements were prepared with desired compositions and alloys are 
formed under high vacuum in Furnace. No weight loss is observed after alloy formation. The XRD 
confirms the formation of alloys without any impurity and structure is found to be cubic which is similar 
to Terfenol-D sample.

oThe M-H loop is traced at 3 K, while Magnetization is observed with varying temperature up to 
o

400 K, in the laboratory of Physics, IIT Mumbai. The Magnetostriction is observed using the data logger 
circuit in which strain is measured using strain gauges pasted with special adhesive on the samples, 
with the least count of 1 micro strain at room temperature. 

1)XRD for Tb  Gd Fe  showed cubic structure which is similar to the structure of Terfenol-D.0.3 0.7 1.97

2) XRD for Tb  Dy Co  also showed cubic structure similar to Terfenol-D.0.3 0.7 1.97
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Magnetic Measurements:
A)Consider sample Tb  Gd Fe  :0.3 0.7 1.97

i)Hysteresis Loop:

ii) Variation of Magnetization with Temperature: 

B) Consider sampleTb  Dy Co   :0.3 0.7 1.97

M-H loop for Tb  Gd Fe  shoed very low corecivity and magnetization gets saturate at around 0.3 0.7 1.97
o

125 emu/gm after 1 Tesla at 3 K. The corecivity was found to be only 0.02 Tesla while residual 
magnetization was observed to be only 6.16 emu/gm. Thus this combination can have very large scope 
for application as there can be negligible losses with it.

o
The combination showed high magnetic moment even at 400 K and this shows it remained 

ferromagnetic even at high temperature. This means one can use its magnetic properties at high 
temperature also. One can guess from graph that it can show ferromagnetic properties up to around 

o700 K or so.

Hysteresis loop:  M-H loop for Tb  Dy Co   showed very low corecivity and magnetization 0.3 0.7 1.97
ogets saturate at around 140 emu/gm after 1 Tesla at 3 K. The coricivity was found to be only 0.41 Tesla 

while residual magnetization was observed to be 52 emu/gm. Thus this combination can have very 
large scope for application as there can be negligible losses with it. But residual Magnetization is little 
higher.
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I) Variation of Magnetization with Temperature: The said combination is found to be ferromagnetic up 
oto 179 K and above it turned out to be paramagnetic in nature. Thus it can be used as a ferromagnetic 

sample only at low temperature and hence as practical applications it got limitation. The replacement 
of Cobalt instead of Iron is found to be not good.

A)Consider sample Tb  Gd Fe : The Variation of Magnetostriction (MS) Versus applied Magnetic 0.3 0.7 1.97 

field in Tesla, at room temperature is as shown. The saturation Magnetostriction is found at 0.5 Tesla. 
The maximum Magnetostriction is around 400 micro strains, but while reversing the field it showed 
negative value up to 200 micro strains, and thus in total the change of 600 micro strains is observed. 
Thus it can be used ultrasonic generator. 

Magnetostrictive Measurements:
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B)Consider sampleTb  Dy Co : The replacement of Cobalt instead of Iron is found to be wrong 0.3 0.7 1.97  

option as for as applications are concerned. This is because the combination loses its ferromagnetic 
behavior at temperature 179 0K. thus for applications one must maintain Iron.

The combinations of Iron and rare earth elements made in Terfenol-D are found to be giving 
maximum Magnetostriction. But replacement of Gadolinium instead of Dysprosium is also one of the 
options as Net Magnetostriction at room temperature is of several micro strains. Also it gives 
interesting negative Magnetostriction of the order of 200 micro strains at zero magnetic fields. The 
combinations with ferromagnetic elements other than Iron must be avoided as these combinations 
turns out to be paramagnetic at Room temperature and hence cannot be used for applications like 
ultrasonic generators and transducers. These new alloys showed very low corecivity and residual 
magnetization which results in losses.
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