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dimension range the particle starts to take sidglaain action

Abstract—A biocompatible ferrofluid have been prepared by coand each particle will be a permanent magnet inntbeium
precipitation of FeGl4H,0 and FeG6H,O under ultrasonic solution. In such a solution the particles will mteposit easily
irradiatiqn and wit_h NaOH as alkaline agent. Cyslg'as also used ¢ they can aggregate to each other by van delsWaie
as capping agent in the solution. Magnetic propertif the produced simply which disturb the magnetic properties ofutioh. To

ferrofluid were then determined by VSM test and nwe | . h f f th .
nanoparticles were characterized by XRD and TEMrigues. The Prevent agglomeration, the surface of the partictest be

effect of surfactant to Fe ion weight ratio waastudied during this coated by a surfactant layer with the average tig@sk of 2-3
project by using two different amount of DextrasRIts showed the nm duos to needed properties or application. Uihéatype of
presence of a biocompatible superparamagneticfigiddncluding  solvent, ferrofluids divided in to two groups: Alke and
i':a?”etitein”?h"c’pa:]fid?Sn‘t"’ithnﬁ’ar:tticr'e siltzei;angjngienr 20f rt‘:‘ Ti;‘e Aqueous. Alkaline solutions usually have more vistyoand
digtsigjfion aﬁdsﬂegﬁc?ionc%f (tehe gzr'jti(fle size arrmgrg so?utsiortl9 stability but agueous _SOIUUO”S are more blqcorb|lmtand
stability. better for medical function [4]. There aréetient methods

to produce ferrofluids such as milling [5], inertagy

Keywords—Biocompatibility, Ferrofluid, Nanoparticle, Size condensation [6,7], sol-gel [8-11], co-precipitati§12,17],

distribution, Ultrasonic irradiation and other ones [18-20]. Ferrofluids can be dirgothyduced in
one step in liquid phase with cheaper and commaipatgnts
[. INTRODUCTION by co-precipitation methods with the flaw of widargicle size

HE magnetic solutions are suspension of ferromaguwetic Fange which makes them inappropriate for medicpliegtion.

ferrimagnetic nanoparticles which are single domeid BY optimizing process parameters such as temperatiking
show superparamagnetic behavior. Duo to the uniqgérategy, alkaline part concentration, and pHsipossible to
combination of solid state magnetic properties koaid state control the particle size distribution [21].
mobility and rehology, ferrofluids have differemgineering ~ Equation 1 shows the chemical reaction to produce
and medical applications such as hyperthermia fitjg Magnetic particle by co-precipitation of *and Fé" ions [5].
delivery [2], and the improvement of MRI images tests
[3]. Using bio-compatible magnetic nanoparticleghvépecial 2Fe* + Fe* +80H ™~ - Fe0, +4H,0 (1)
morphology and particle size distribution which saa stable
ferrofluid leads to the lowest therapeutic sideeeff. In
medical applications the optimum particle sizedparted to
be less than 10nm [4]. The most usual particle whiakes
place in ferrofluids production is 5-15nm magnetite this

Normally, surfactant will be added to the solutiafter the
reaction is done to avoid agglomeration [5]. To verd
magnetite surface from oxidation it is better tal adirfactant
during the nanoparticles' creation. If not, Nitrog@r novel
gases) flue can be used to minimize the oxygemgatd22].
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FeCb.4H,0 plus 1.14 gr Fe@6H,O in 100 cc pure water was
prepared. As mentioned in previous part, in manydies
surfactant will be added after the reaction to prev
agglomeration. Here Cystein as a surfactant wasdddring
the production reaction to increase its effect anaparticles
growing and achieve a sharp particle size distidioutThe
blowing of the nitrogen was applied to the produsetiition
under ultrasonic irradiation for 10 minutes. Anathelution of
3.56gr NaOH in 100cc pure water was degasified For
minutes and added to first one instantly. In pasiearches,
alkalic factor had been added to salt solution Bloand
continuously, causes a pH gradient which leads tdew
particle size distribution.

The resulted dark solution was introduced to thesbnic
nitrogen flow for 20 minutes and then separated dridd
using magnetic field and centrifuge, respectivélze VSM
(Vibrating Sample Magnetometer) test was used tofyve
magnetic properties and the XRD test was appliedthen
produced nanopowders for characterization. TEM intg
was also used to define particle size and disiohutTo
compare the effect of ultrasonic irradiation in tjzde size
distribution, sample 1S was prepared in absenasti@fsonic
and characterized by XRD method.

To study the effect of surfactant to Fe ions weigttio on
the size and distribution of nanoparticles, two glas (2L and
2H) were produced with weight ratio equal to 1:8 dril with
Dextran under above condition and characterized they
mentioned methods.

I1l.  RESULTS AND DISCUSSION

Fig. 1(a) shows XRD pattern of & nanoparticles for
sample 1U. Six characteristic peaks fér 2 30.16°, 35.48°,
43.13°, 53.49°, 56.91° and 62.71° were recognizadtliis
case. For sample 1S (figure 1(b)) only four pealerew
realized and the XRD pattern had a high background.
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Fig. 1 XRD pattern of the Fe304 nanoparticles fongle (a) 1U
and (b) 1S

Fig. 2 TEM image for sample 1U, produced with Ciystender
ultrasonic irradiation

TEM image of sample 1U which is shown in figure 2,
represents a semi-uniform particle size distributimith the
average size of 20 nm. Narrow size distribution FefO,
nanoparticles is because of the homogeneity caused
presence of ultrasonic irradiation in synthesiscpss. Figure
3 shows VSM diagram for sample 1U. Superparamagneti
behaviour of sample 1U is due to the small partiiee.
Ferrofluid produced in this sample shows good Btabihich
can be suitable for medical applications.
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Fig. 3 VSM diagram for sample 1U, produced with @ysunder

ultrasonic irradiation.

Figures 4(a) and 4(b) show XRD patterns for sar@pland
2H. It can be seen from these figures that theatheristic
peaks of sample 2H are wider than sample 2L. This
phenomena is due to the inverse effect of Dextrartent on
nanoparticles size which is in agreement with thevipus
experiments [23]. Also, sample 2H is more stabénthample

2L and 2H are 19nm and 5nm, respectively.) Agglatien
also declined with raising content of Dextran.
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When weight ratio of Dextran in solution is largeegh in
comparison to Fe ions, much more magnetite nanofesrtare
coated which prevents nanomagnetites from pretipitand
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20 (degree) agglomeration. Hence, the size of particles wikréase and

stability of solution will increase. When the welghatio of
Dextran to Fe is above 5, solution shows greatilgtakFor
the higher ratio, magnetite nanoparticles attactinéoDextran
macromolecules and make very big agglomerated .ardakR
test shows that attaching mechanism consists ofleaWaals
forces, hydrogen bounds and electrostatic interasti Our
Experiments showed that two repugnant effects falleee
when Dextran used as surfactant. Dextran macromielec
could act as the coating for nanoparticles and #tejpp aging
process. On the other hand, entanglement of madecuies
and attachment of magnetite nanoparticles to thewmdamake
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big clusters in solution. Intensity of ultrasonioadiation,
which increases the nucleation places, also affeeteptimum
Dextran/Fe ratio in solution.

Figure 6 shows VSM diagram for sample 2L and 2H.
Absence of hysteresis loop is an evidence for
superparamagnetic behavior. Sample L4H has lessasan

(b)

TEM images of F¢D, nanoparticles of sample 2L and 2H
are shown in Figures 5(a) and 5(b). It can be $eanas the
weight ratio of Dextran increases, distributiontbé size of
nanoparticles becomes narrower and the average dfize
nanoparticles decreases remarkably. (Average $isamples

magnetization and smaller nanoparticles due to bigger
Dextran content.
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Fig. 6 VSM diagram of sample 2L and 2H

IV. CONCLUSION

A biocompatible ferrofluid containing E®, nanoparticles
was produced by co-precipitation method with Cystander
ultrasonic irritation and without it. The experinterdone in
this research showed the optimum particle sizepmaparticle
size distribution, and superparamagnetic properties
ultrasonic assisted produced sample. Due to the s&p
results, the effect of increase of surfactant Daxtio Fe ion
weight ratio on solution stability, agglomeratiorduction in
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