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Abstract Key words 
     In this work, a magnetic switch was prepared using two types of 
ferrofluid materials, the pure ferrofluid and ferrofluid doped with 
copper nanoparticles (10 nm). The critical magnetic field (Hc) and 
the state of magnetic saturation (Hs) were studied using three types 
of laser sources. The main parameters of the magnetic switch 
measured using pure ferrofluid and He-Ne Laser source were Hc  
(0.5 mv, 0.4 G), Hs (8.5 mv, 3 G). For the ferrofluid doped with 
copper nanoparticles were Hc (1 mv, 4 G), Hs (15 mv, 9.6 G), Using 
green semiconductor laser for the Pure ferrofluid were Hc (0.5 mv, 
0.3 G) Hs (15 mv, 2.9 G). While the ferrofluid doped with copper 
nanoparticles were Hc (0.5 mv, 1 G), Hs (12 mv, 2.8 G) and by using 
the violet semiconductor laser the pure ferrofluid parameters were Hc 
(0.5 mv, 0.5 G), Hs (15 mv, 3.5 G) while the ferrofluid doped   with 
copper nanoparticles are Hc (0.5 mv, 1 G), Hs (15 mv, 3.3 G). 
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المطعمة تصنيع مفتاح مغناطيسي باستخدام السوائل المغناطيسية  والسوائل المغناطيسية 

 بجزيئات النحاس النانوية
2ؤدد سلمان احمدس ،1لي يسرع هاشم ،1بد الحسين عليع رحاب

 

 واسطالعلوم، جامعة  قسم الفيزياء،كلية1
 العلوم، جامعة بغداد قسم الفيزياء،كلية2

 الخلاصة
في هذا العمل تم تصنيع عينة مفتاح مغناطيسي من مادة السوائل المغناطيسية والسوائل المغناطيسية المطعمة      

المغناطيسي وكذلك حالة التشبع . حيت تم دراسة  المجال المغناطيسي الحرج) nm 10(النانوية بجزيئات النحاس 
Hs النقية  فلودنيون ومادة الفيرو –هليوم ليزر  استخدامفي حال ، وكانت النتائج باستخدام ثلاثة انواع من الليزر
 .Hs (8.5 mv, 3G) و حالة التشبع المغناطيسي  (0.5 mv, 0.4 G) (Hc)المجال المغناطيسي الحرج كان

دايود  وعند استخدام ليزر  ,Hs (15 mv, 9.6 G), Hc(1 mv, 4 G)نحصل على المطعمة فلودوعينة الفيرو
 اذا كانت المادة مطعمة و  Hc(0.5 mv, 0.3 G), Hs (15 mv, 2.9 G).فأن النقية فلودومادة الفيرو اخضر

       النتائج باستخدام  ليزر الدايود البنفسجي ومادة اما Hc )Hs (12 mv, 2.8G (mv, 1 G 0.5) فتنتج
 النتيجة فكانت واذا كانت مادة الفيروفلود مطعمة Hc (0.5 mv,0.5 G), Hs(15 mv, 3.5 G)  الفيرو النقية

Hc (0.5 mv, 1 G),  Hs (15 mv, 3.3 G). 
 

Introduction 
   Ferrofluids have novel characteristics 
and their behavior in magnetic 
fields results in many thrilling 

applications.  Although magnetic fluids 
are already utilized in a few devices 
they have got now no longer but been 
exploited to any extent. 
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     Ferrofluids are magnetic liquids 
used in magnetic key manufacturing. 
They are stable colloidal dispersions of 
tiny (3-15 nm) super-paramagnetic 
particles coated with a surfactant. 
These particles remain suspended due 
to Brownian motion while the 
surfactant coating around each particle 
prevents the particles from sticking to 
each other. Ferrofluids become 
strongly magnetized upon the presence 
of a magnetic field and do not retain 
magnetization once the magnetic field 
is removed [1]. This magnetic fluid 
(ferrofluid) was first produced by 
Gowan Knight in 1779 from iron in 
water. However, his attempts were not 
successful because the particles 
deposited at the bottom of the new 
techniques of ferrofluid production 
have high accuracy. The ferrofluid 
particles are spread randomly (oil or 
water) [2]. Combine with 
nanotechnology, where the liquids 
such as water and oil are injected with 
very small particles (up to 10 million 
meters) of magnetic iron oxide, the 
injected particles are so small that they 
do not affect the liquidity of the liquid 
placed in it. As a result this fluid gains 
magnetic properties when placed in a 
magnetic field [3]. Ferrofluids can be 
formed in various forms, it can be 
applied to any type of industry, 
whether heavy industries or 
nanotechnology industries [4]. The 
human being researched, space and 
developing new and modern methods 
and techniques such as rocket engine 
work at the zero gravity, therefore 
NASA used kerosene-based magnetic 
fluid in the 1960s [5].  Ferrofluids a 
fascinating magnetic liquid used in 
many applications since the 1960s has 
pushed several researchers into 
carrying out studies on its potential in 
several applications. In 2014 Chin 
Wang and Luogen Deng, demonstrated 
a coherent, electrically controlled 
random laser with silver nanoparticles 

dispersed in an anesthetically dyeing 
liquid crystal (NLC) crystal, where the 
external emission intensity and 
frequency division were recorded. This 
provides evidence to support that the 
current laser resonance is very 
sensitive to buffer disturbances in the 
host medium, possibly associated with 
some oscillations associated with 
metallic nanoparticles [6]. AL-
Meshahedi in 2015 used 5CB as the 
liquid crystal to manufacture liquid 
crystal optical switch cell samples by 
employ the sandwich method [7]. In 
2018, AL-Waali made optical switch 
using ferrofluid and ferromatic LC. He 
also studied the nonlinear optical 
properties [8]. In 2018, Youn-Jea Kim 
[9] studied the rotating Eccentric 
Cylinder by External Magnetic Force. 
They found that heat dissipation is an 
important problem because the volume 
of the electronic devices is small. The 
ferrofluids have a great role in the 
improvement of the electromagnetic 
systems. The ferrofluid is a colloidal 
solution consist of 10-nm magnetic 
particles and showed paramagnetic 
behavior and very sensitive to 
temperature and magnetic field. The 
heat transferring of the ferrofluids is 
done into the rotating cylinder by using 
comsol multi physics. In 2018, Elena 
Castro-Hernández et al. [10], studied 
the ferrofluid is suspensions consist of 
magnetic nanoparticles in the liquid. 
The ferrofluid are used for research 
purposes in space (microgravity). The 
microgravity is an unexplored field 
because it is expensive and the access 
is limited. In 2018, Milorad M. 
Kuraica et al. [11] studied the magnetic 
field effect on the magnetite and 
cobalt-Fe NPS by simple optical 
measurements. The selective spectral 
behavior of suspended nanoparticles of 
magnetite (Fe3O4) NPs and cobalt-
ferrite (CoFe2O4) coated with starch, 
was observed through switching on/off 
of the external magnetic field [11]. In 
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2019, Huang et al., found that 
simulation of ferrofluids is similar to 
the simulation of the complex 
dynamics of ferrous, as the magnetic 
particles of ferrofluids react with an 
external magnetic field [12]. During 
this work design and implementation 
of magnetic switch based on ferrofluid 
and ferrofluid doped with copper 
nanoparticals is presented. 
 
Experimental work 
     The first step was preparing the 
magnetic switch cell using indium tin 
oxide (ITO) coated glass slides 

(conductive layer) were coated with 
polyvinyl alcohol (PVA) as an 
insulating alignment layer. Electrical 
electrodes (Al) were deposited above 
the ITO glass substrate. After 
scratching the (PVA) layer by a piece 
of clothes in one direction, the mailer 
spacer of the small square-shaped 
mask was fixed on one of the plates. 
The ferrofluid was placed in the small 
square-shaped mask, then the two ITO 
glasses electrodes were fixed together 
with clips or adhesive material to form 
the final cell as shown in Fig.1. 
                    

 

Fig.1: The prepared sample of magnetic switch. 

    
     The doped ferrofluid sample was 
made using (0.012 mg) copper 
nanoparticles mixed with water-based 
ferrofluid. From the above steps, the 
doped ferrofluid with copper 
nanoparticles is obtained. The second 
step was studying the magnetic switch 
properties using the setup shown in 
Fig.2 the experimental setup consists 
of,  a coil that was made with thick 
wire to reduce the heating effects (the 
coil properties such as type of wire 
(copper), the value of  the current (1A), 
diameter of wire (1mm), number of 
turns (6500), magnetic field (200 mT) 
have to be considered), Polarizer and 
analyzer (from Spindler and Hoyer 
Gottingen made in Japan),                  
DC power supply (made in Germany 

(QJ3005X ш)) which supplies (9V) 
DC voltage to the coil, Power meter 
made (by Mobiken), laser power meter 
(LP1made in Germany), and 
photodiode (λ(400-1100 nm), 
measuring range power (40μw-             
40 MW)), accuracy (± 5% (4mw, 
λ=632nm), Different lasers including: 
He-Ne Laser (2mW, 635.8nm), which 
is a light source used to characterize 
the optical transmissions of the 
samples;  green semiconductor             
laser (λ=532 nm, 30mW); violet 
semiconductor laser (λ= 405 nm, 
5mW), Gauss meter (supplies voltage 
(9V),  made in China) and magnetic 
switch cell placed between a pair of 
perpendicular polarizer and analyzer  
as shown in Fig.2. 
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Fig.2: Schematic diagram of setup of magnetic switch. 
 

Results and discussion 
     By radiating the samples with He-
Ne, green semiconductor laser and 
violet semiconductor laser the critical 
magnetic field, the saturation magnetic 
field, and the hysteresis loop were 

obtained. The critical and the 
saturation magnetic fields values for 
the pure and doped ferrofluid samples 
using the three types of laser source are 
shown in Table 1. 

 
Table 1: The critical and the saturation magnetic field of the samples. 
Laser Material Hc (Gauss) Hs (Gauss) 

 
 

Violet semiconductor laser 

 
ferrofluid Pure 

 
0.5- 0.5 

 
15 – 3.5 

 
ferrofluid doped   

with  copper 
nanoparticles 

 

0.5 – 1 15 – 3.3 

 
Green semiconductor laser 

 
ferrofluid Pure 

 
0.5 – 0.3 

 
15- 2.9 

 
ferrofluid doped 

with  copper 
nanoparticles 

0.5 – 1  
12- 2.8 

 
 
 
 

He-Ne Laser lasers 

 
ferrofluid Pure 

 
0.5 - 0.4 

 
8.5 - 3 

ferrofluid doped 
with  copper 
nanoparticles 

1 – 4 15 – 9.6 

     The figures of the hysteric loop 
show the variation of the magnetic flux 
density of the ferromagnetic material 
with the external magnetic field 
producing it as this field changes 
through a complete cycle.  From these 
figures, the area of the loops which are 
referred to as the amount of energy lost 

when applying the external magnetic 
field means there is more energy loss 
or more work done in the 
magnetization and demagnetization of 
the material. The hysteresis loop of the 
pure ferrofluid magnetic switch with 
violet, green and He-Ne lasers are 
shown in Figs.3 (a, b, c). 
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(a) 

 
(b) 

 
(c) 

Fig.3: The hysteresis loop of pure ferrofluid magnetic switch with violet, green  
and the He-Ne Laser. 

 
     The hysteresis loops of the water-
based ferrofluid doped with copper 
nanoparticles magnetic switch using 
violet, green, and He-Ne laser sources 
are shown in Figs.4 (a, b, c). This 
doped material showed new physical 
and chemical properties because of 
their small size and large surface area, 
which gave new hysteresis loops of the 
magnetic switch that is differ from the 
loops of the magnetic switch without 
doping. The area of the formed 
hysterical loop is narrower than that of 
the pure sample. This is because that 
the magnetic field does less work on 

the switch than the pure one and the 
loss is less than in the pure sample. 
The narrowest hysterical loop obtained 
from the use of ferrofluid doped with 
copper nanoparticles in the 
manufacturing of the magnetic switch 
is due to the fact that water is highly 
polarized and its work is to regulate the 
nanoparticles in magnetic fluids which 
reduces the losses in the magnetic 
switch and reduces the work done on 
it. When using doping, sensitivity to 
the magnetic field is not the fastest, but 
the best for the doped samples. 
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(a) 

 

 
(b) 

 

 
(c) 

 
Fig.4: The hysteresis loop of ferrofluid that is doped with copper nanoparticles using violet   

semiconductor, green and He-Ne Laser. 
 

Conclusions 
     Best results for the critical magnetic 
field and the saturation magnetic field 
were obtained, for copper 
nanoparticles doped ferrofluid, when 
using He-Ne laser. The narrowest 
hysterical loop was obtained from the 
use of water based ferrofluid doped 
with copper nanoparticles (10 nm) in 
the manufacturing of the magnetic 
switch. This is because water is highly 

polarized it regulates the nanoparticles 
in the magnetic fluids. This reduces the 
losses in the magnetic key and reduces 
the work done on it.  
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