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Abstract

In this study, developing method was used to synthesis a material benefit for
cancer's therapy when heated remotely under alternated magnetic potential by
hyperthermia treatments. Mechanical alloying processing (MA) with several milling
times (12-72 h) used for producing four samples (1cm diameter x 0.3 mm thickness) of
Ni-based alloy with various weights percentage of chromium (3-15 wt% Cr) in order to
select which the smart type of them has the Curie temperature in a range of 41-46°C.
then the samples were sealed in a vial under inert gas The samples were heat treated at
1200°C/3h ina furnace, then the samples were subjected to relaxation heat treatment at
600°C/2h and left for furnace cooled, followed by metallographic techniques.
Characterization studies were evaluated for all treated samples including; Phase's
analyses, microstructures images and the magnetic properties test.
Keywords: Hyperthermia, Thermoseeds Materials, Curie Temperature and Mechanical
Alloying.
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Introduction

The interest in the bio-magnetism
materials field, that the magnetic
particles has a phenomena as
(superparamagnetism and high saturation
magnetization) leading to many medical
applications such as drug delivery,
imaging and hyperthermia cancer
treatment. So it can define the
hyperthermia as a method of thermal
therapy for cancer's cells by exposure the
body's tissue to relatively high
temperatures (41-46°C) whereas this
temperature range was find benefits for
damage and/or kill tumor cells as well as
an adjunct to cancer chemotherapy or
radiotherapy based on the fact that
cancer cells are more sensitive to
temperature in these temperatures range
when exposed to alternating magnetic
field leading to generate heat by means
of eddy currents and/or by the hysteresis
losses  achieved  from  magnetic
thermoseeds or magnetic nanoparticles
as heat sources (Masafumi et al. 2007,
Hiroyasu et al, 2010, Alexandru et al.
2011 and Robinson et al. 2011).
Ferrimagnetic materials considered as
suitable thermoseed materials producing
hysteresis heating by exposure them to
an alternating magnetic field. The
general idea regarding the relation
between magnetic thermoseeds materials
via Curie temperature can

Briefly illustrated as that, the
thermoseeds material means the material
which has the behavior for converting
from ferromagnetic to paramagnetic at
limited range, and after that it loose the
magnetic behavior when the magnetic
potentials increased. Therefore, it is
important to obtain an alloy with low
Curie temperature whereas a magnet will
lose its magnetism property if heated
above the Curie temperature (Akin et
al,2009, Radev et al. 2012 and Karen et
al. 2012).

Nickel-chromium (Ni1xCry) particles
with varying compositions have been
investigated as thermoseeds for use in
localized self controlled hyperthermia
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treatment of cancer in order to prevent
over heating of normal cells. The
mechanical alloying processing (MA)
was find suitable for synthesis the Ni-Cr
alloy,

its mechanism involved (the
grinding to a fine powder by using ball
miller with aid of liquid agent, isostatic
pressing and sintering  processing
(Chicinas et al. 2003, Giovanni et al.
2009 and Robinson et al. 2011)

In this research, preparations of Ni-
Cr alloy with different composition of
chromium (5-20wt. %) using mechanical
alloying processing method to obtain the
suitable Curie temperature when the
alloy samples explored under magnetic
field.

Materials and Methods

The starting materials which
required to synthesis Ni-Cr alloy at
different composition were introduced as
high purity (99.98 Fluka, Germany) for
both nickel and chromium metals. Four
alloy samples with various wt% of
chromium were prepared in order to
evaluate the suitable specimen which has
the Curie temperature in a range of 42-
48°C.

In this study, nickel-chromium alloy was
prepared by mechanically alloying
process, which involves the addition of
5-20 wt% chromium to the nickel based
powder. The particle sizes of the starting
powders were 74 and 62 um
respectively. The powders were mixed
and subjected to mechanical alloying
process in a miller with hardened steel
balls at 40:1 weight ratio of ball/powder,
Several milling times were used from
10-72 h. the resulting powders were
mixed with 1.0 wt.% polyvinyl alcohol
(PVA) as a binder and uniaxiallly
pressed into pellets at a pressure of 3.0
ton/cm? to make samples with lcm
diameter and 0.3 mm thickness, and then
the samples were sealed in a vial under
inert gas The samples were heat treated

at 1200°C/3h in a  furnace, then the
samples were subjected to relaxation


http://en.wikipedia.org/wiki/Magnetism
http://en.wikipedia.org/wiki/Hot_isostatic_pressing
http://en.wikipedia.org/wiki/Hot_isostatic_pressing
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heat treatment at 600°C/2h and left to
furnace cooled.
Metallographic  techniques on
samples including  grinding and
polishing to mirror face by using
different grades of Silicon Carbide ( Sic)
papers with varying polishing pastes.
The polished samples were subjected to
etching process before taking the
microstructure images by using Mable
solution (CuSO;s + HCI + H0).
Characterization studies were evaluated
for all treated samples including; Phase's
analyses which were measured by using
the X-Ray diffraction technique at
scanning speed (0.1° /min).
Microstructures images were evaluated
by optical microscopy and/or SEM
technique. The magnetic properties such
as  receptivity,  coerecivity, and
The effects of milling times on the
particle size of the nickel and chromium
powders were showed in fig.1, which
revealed the decreases in particle size of
nickel from 58nm/12 hours of ball
milled to  10nm/48hours.  While
relatively lower varying in chromium
particle size was observed at the same
increasing of ball milling times. This
probability belonged to the formation of
Ni/Cr solid solution during the ball
milling processing due to the chromium
particles could be diffused into the

nickel lattice and forms a solid solution.

Fig.2 showed the XRD patterns of Ni
and Cr powders at various periods of
mechanical milled (MA) compared with
powders unmilled. This figure observed
that Ni peak at (220) was shifted to
lower angle when increased in milling
time. The peaks (200) for both Ni and Cr
decreased and the width increased via
the milling time. Characteristic peaks of
Face center cubic (fcc, Ni) and body
center cubic (bcc, Cr) were observed
after 12 hours of ball milling showing
the refinement evaluations. For that,
when the milling time increased, the
diffraction  peaks behaviors were

broadened via intensity decreased. Ni
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Size (nm)

saturation magnetization will be measure
by using vibrating sample magnetometer

technique (VSM).
Results and discussions

Various types of Ni-Cr alloy
samples were prepared with varying
chromium's weight percentage relating
to nickel (as the matrix alloy) in order to
find the specific composition to give the
suitable Curie temperature in the range
of 41-46°C. Mechanical milling alloying
technique was wused for preparing
samples followed by recrystallization
temperature at 650°C for 3 hours in a
sealed quartz tubes (for relaxes the
internal stresses and favors' the solid-
state reaction). The reaction becomes
significant after 48 hours of milling and
subsequent heat treatment.

20 4

Ni

Milling time (h)

(Cr) solid solution was occurred due to
the chromium diffused
in (fcc) nickel matrix. Furthermore, the
(fcc) chromium was reduced in its
intensity and remains in visible along

Fig. (1) Mean Particle Size at Different

Milling Time for Ni-Cr Powders
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ball milling for 30 hours. This result
leading to confirm that the solid state
alloy formation occurs during milling,
also it was observed that the chromium
at (211) peak completely disappeared
after 36 hours of milling due to
formation of the final Ni(Cr) phase.
Preparation's mechanism of the alloy
was found to be depending on its
morphological and/or its initial powders
fabrication. The mechanical alloying
processing of metals was to be a lamellar
process, which that the milling process
was found affected by decreased the
lamellar
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Fig. (2) XRD Pattern for Ni-Cr
Powders at Various Periods of

Millings

spacing, for that the increased contact
between surfaces of powder particles
could occurred when the initial powders
have a small particle size and/or narrow
size distributions leading to decrease the
processing time. It was observed that the
crystalline size decreased to less than
50nm after first stage of milling, further
the crystalline refinement took place
slowly after 40 hours of milling. The
optical microscopy was used to analyze
the alloy samples after mechanical
milling for 36 hour (figure 3 a) and after
48 hour (fig.3 b) which revealed that
morphological and structural features as
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homogenous and  fully  diffused

chromium in the Ni matrix forming the
solid state alloy.

Fig. (3) Micrograph Images of Ni-Cr

Alloy after Mechanical Milling

(a) 36 h and (b) after 48 h

The Magnetization measurements
were curry out to obtain the specimen's
Curie  temperature  (Tc),  which
determined as showed in fig. 4 that the
sample's behavior found to decrease in
spontaneous magnetizations via
increased in temperatures. The specimen
(Ni-10Cr), paramagnetic state appeared
via spontaneous magnetization at the
temperature of 317 K°,
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Temperature (K°)
Fig. (4) Effect of Spontaneous

Magnetization on Curie
Temperature for Sample Ni-

10Cr
Fig.5 showed the effect of
chromium concentration on Curie

temperatures, so the decreased in Curie

temperature proportionally increased
with chromium concentration in the
alloy

Fig. 6 showed the hysteretic loops
of different chromium composition in
nickel based alloys as a function
between mass magnetizations measured
at the room temperature and the applied
magnetic field, which revealed initial
rapid increased in magnetization via
slower increased in the H value, leaded
to predict that the alloy response
behavior as typical

Chromaum fat %)
Fig. (5) Curie Temperature Versus
wt% Chromium Concentration

rate  increased verses  saturation

decreased when the chromium wit%
increased in the Ni-based alloy due to
formation of a surface spin structure
leaded to predict the significant selected
of processing method for getting
preferred magnetic properties, this fact
also confirmed by Wilhem et al, 2007
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Fig. (6) Hysteric Curves for Different
Types of Ni-Based Alloys Specimens
(@) Ni-5Cr, (b) Ni-5Cr-4Ti, (c) Ni-

10Cr and (d) Ni-15Cr
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Conclusions

From this study, can be
concluded that the mechanical alloying
technique (MA) considered as a simple
technique for producing various types of
alloy systems. It results in loss of the
metastable effects, so it was use in the
bulk shapes and useful to produce
materials at large quantities. By
controlling the milling conditions
(weight ratio of ball / powder and
milling energy), the solid solution of
metal powders could be synthesized.

From the comparison of the materials
at long times of milling via normal
intensities, it was observed that the
composition ranges of the bcc and of the
bcc and fcc phases were highly extended
verses their equilibrium ranges. So when
using the high milling intensity, the
phase (bcc) was lost its stabilized via the
phase (FCC) leaded and shifted to low
concentrations of nickel

The alloy's Curie temperatures found
in linear decreases via increases in
chromium concentration, so the Ni-Cr
alloys considered as perfect for self
magnetic controls making their benefit to
be use in the hyperthermia treatments of
tumors and to avoid tissue's overheating.
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