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ABSTRACT

Ferrofluid is a nanoscale materials that are easy to make but of easily made these
materials have physical properties that are relatively easy to change. Originally made of
magnetite ferrofluid and are now able to be made in such a wide variety, and various
kinds of physical properties caused. Ferrofluid will be made with basic ingredients
CuZnFerrite.One process to do step wise such as Flow Injection Synthesis-FIS, to result
material previously. This material is relatively toxic, but weakly. Of the various variants
turns out there are two ingredients that have almost the same compound but the
physical properties are extremely different. Such materials Bath088P and
Bath09P.Bath088P of magnetic properties of ferromagnetic character and character
Anti-ferromagnetic BathO9P.This situation is favorable for the division of tasks and
responsibilities Bath088 can be directed into a ferrofluid, both cannot stable mixing, if
mixing used strong magnetic to separately.

Keywords: Ferrofluid ; Flow Injection Synthesis-FIS; CuZnFerrite; Anti Ferromagnetic.

INTRODUCTION

Nanoparticles having an unstable physical properties as a result of high interaction between
the particles, the growth of nano particles can form aggregates and bulky material just as the
original. To limit the growth of bulky done by coating the particles with a coating (coating) or
with a surfactant, and dissolving it in a certain base fluids. The molten material is formed called
ferrofluid. In the medical world liquid fuel particles nanomagnetik researchers succeeded in
modifying the surface of nanoparticles so that they can be used for MRI (Magnetic Resonance
Imaging) and can be used for the distribution of drugs (drug delivery) in the body mabusia.
[1,2,3]

Magnetite was first successfully synthesized by the method S.W.Charles, while maghemite with
Massart method, both performed by precipitation together (co-precipitation) precursor FeCl3-
6H20 (ferric clorure) and FeCl2-4H20 (ferrous clorure) react with NaOH dissolved in water
pure. [5,6,7]. The Average particle size is 10nm magnetite -15nm and are superparamagnetic
[6]. Nano materials can be a new nano material that still has the properties of magnetite but
have different sizes or has a new feature that is more specific than the parent material.
Examples of merger Fe304 with Mn304 (hausmanite) to Mn Fe204. [8] of the material in a
way nanomagnetik mendoping magnetite with metal Mn.

Nanomagnetik material properties of the liquid material (fluid noncompresible) having
ferromagnetic properties [9,10] .The area size and nature of the macro materials to the region
size and nature of nanoscale materials described in the following scheme [11]; Of the scheme
there are two kinds of fluid that can interact with the magnetic field; ferrofluid and
magnetorheology (MR) fluid. Both are particlel magnetic solution in a the liquid, the difference
is the size of the particles are dissolved., Ferrofluid core particle size in the range of <100nm
while the MR fluid particle size in the range of 1000 nm. Ferrofluid particles have a particle
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size distribution are stabilized by the surfactant layer, among others; amphiphilic molecules,
such as oleic acid (oleic acid) and sodium aerosol in-2ethylhexyl-sulfosuccinate). [12] ,
Preparation ferrofluid materials exist two phases; 1.tahap nanomagnetik particle preparation,
2. Phase surfaktansi and dispersion of nano- particles in a liquid base as appropriate. [13].

Macroscopic » Nanoscopic
e et Planar Films - = -~~~ ~~-======~ .
Feseem- Nanoparticles - = = = - - - -

Magnetic : : Biomagnetic entities :
Material Bulk crystals Micron particles ., Lithographic Pattemns J Atomic Islands
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Scale 100 um 10 pm 1pm 100 nm 10 nm 1 nm
Physical Paramagnetic Nucleation and Propagation Superparamagnetism Quantum
Dynamics Spin Waves of Domain Walls Tunneling

Figure 1 scheme macro region to region nano [11].

The particle size of the core ferrofluid experiencing different growth for among other things,
the effect of external magnetic fields can accelerate the process of growth of core particles.
[14].

The reasons for the changing nature of the chemical properties of small particle physics is, the
smaller the particle size may cause some of the following improvements [2,3,14,15]; among
other things, an increase in the number fraction of the atoms, the increase in the fraction of the
surface energy and chemical potential and increase the interaction between the surface of the
nano partikel.Partikel have allowed to grow to be larger during the synthesis process. Speed
the process of growth of nanoscale materials with the core particles is still very small will be
very easily influenced by physical properties and environmental conditions [14] If the
environmental conditions carefully guarded and process fluctuations can be maintained
relatively stable it will obtain nanoparticles with a size relatively uniform (monodisperse) or in
other words a narrow distribution of particle size [15]. In the intensive study of nanoparticle
preparation that can not be separated from ferofluidisasi to suppress the particle growth
process conducted intensively by NASA in 1969.[17,18,19].

Ferrofluid with a non-uniform magnetic properties will have an impact on the limited use of
the ferrofluid in high technology, such as; medical treatment, microwave absorber, magnetic
bearing, etc. From this background, the thought of renewing coprecipitasi process that can
produce yields that are likely to monodisperse. Copresipitasi synthesizing process performed
by first draining the raw material metal chloride (ferro ferric) chloride and alkaline materials
[20,21,22,23,24] at a certain speed in a single reactor.

The use of the surfactant layer serves to limit pertumbihan oleid acid particles, the materials
used are common materials used, such as acid olead (Oleid Acid), it matters related to the
process surfaktansi done with limited analysis. Preparation steps are Ferrofluid using the
apparatus Flow Injection Synthesis -FIS.

There were washing yield of FIS reactor with liquid aqua DM Until the pH of the system
solution approached 7.00, for 20 grams of core samples require %2 gallons of aqua DM.
Separation/purification ferrofluid of NaCl use acetone and addition of acid surfactans oleid,
the carrier fluid (oil) followed by the mixing process.The provision of carrier fluid that does not
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reject the presence of air core surfaktans , the surfactans citric acid in water, enter Ferrofluid
core and do stirring

EXPERIMENT
Ferrofluid is described in the form of a round or oval sphere which is accompanied by a small
circle tail (hydrophobic, hydrophilic) to describe a layer of surfactant (Surface active
substance) as shown below; [12].

The synthesis process Nanomagnetik As Core ferrofluid particles Ferrofluid synthesis process
by the method of co-precipitasi more emphasis on the process of forming core particles
ferrofluid. For magnetite core process of co-precipitasi occur as a result of a process of salting
FeCl2.4.H20, FeCl3.6H20 with NaOH or NH40H yielding Fe304 (magnetite) which is followed
by the deposition process yield. [2,13]. The process of dissolution of colloidal particles and the
possibility agregratasi process (precipitation) indicates that the ferrofluid colloidal system
instability solubility may their unstable process. Ferrofluid solution system is stable if the
solution free from the influence of the terrain will soon return to normal. In the process of
synthesizing nanomagnetik stabilasi ferofluidisasi co-precitasi method obtained by
conditioning the pH of the oceans [17,18,19].

Nanomagnetik particle formation begins with the emergence of point nuklius. Nukliasi process
occurs after the collision (collision) atoms precursor, followed by refinement of crystal
structures form [3]. The crystal structure is formed endeavored not allow the oxidation and
reduction processes take place. To the reactor requires a process insulation against the
presence of oxygen, by bubbling Nitrogen, Argon, ammonia or in an airtight reactor, or by
adding HCL in each of each solution of chloride salts. The pH control, temperature control
process, typical iron salt that is used and the presence of oxygen during the synthesis process
will affect the particle size (particle size) and particle size distribution. [31]

In the event of simultaneous deposition process also occurs magnetisasi.Pada magnetization
process is done heating at 1000C for 1 hour, followed by washing process. Control of the
process is done by conditioning the pH of the solution at the numbers 11-13. The surfaktantion
process and dispersion particles into the liquid carrier are generally done after the process of
purification and washing of nano particles. The surfaktantion process intended to limit the
growth process the particles formed aglomerasioses, so that the particles are monodisperse
can be maintained. The especial ferrofluid that is used for medical purposes other than the
core particles should be of superparamagnetic but has stability and less toxic, eg MnFerrite
which serves as an MRI contrast agent and hyperthermia cancer treatment [33].

2.1 Preparation Material Co-Precipitation of Ferrite [18]and CuZnFerrite
The chemical react MeFe204 with Me as Fe, Cu,and Zn it means the chemical of the CuZnFe,04
Can be expressed as:
a. Generally react equation such hidrat process.
(1-x)Cu®* +xZn**+2 Fe?**+80H -
(1-x)Cu(OH),.xZn(OH),.2Fe(OH)3!

b. Generally react equation such Ferritation process.
(1-x)Cu(OH),.xZn(OH),.2Fe(0H)5 aq Tt°—
Cu(ix) Znx Fe204.nH20 + (4-n)H20

When the mixing process the salt and alkaline, at the physical following Nucleation and growth
such as Lamer and Dinagar teorema [5]. To restrict oxide process like ; fresh raw material,
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flowing of N2, CO2, or Argon gas.

Ferrite Core Particle Preparation Mex Fe (3-x) 04, reactants; MeCl2.6H20, could Me is a metal
of Ni, Mn, Zn, Cu, FeCl2.4H20, FeCl3.6H20, HC], NaOH.

The reaction process;
Preparation of the Particle core Ferrite Mex Fe(3-x)04

Reaktan; MeCl2.6H20, Me As ; Ni,Mn,Zn,Cu

FeCl2.4H20, FeCl3.6H20, HCl, NaOH. Reaction Process ;

FeCl2.4H20 + FeCl3.6H20 + NaOH + MeCl2.6H20 > (MeO)(Fe203)| +NaCl + H20 FeCl2 +
FeCl3 + MeCl2+ NaOH +H20—> Fe(OH)2 + Fe(OH)3 + Me(OH)2+NaCl + H20.

For Me as Cu and Zn, Yield ; Cui-xZnxFe204

The reaction equation is;

2 FeCl2.4H,0 + 4 FeCls.6H20 + 3.x ZnCly + 3(1-x).CuCl2.2H,0 + 22 Na(OH)-> Zny Cu(1-Fe204
Adiabatic reactors, serves as a chemical reactor that will condition the reaction system is not
affected by the outside temperature so that the temperature terrekam a chemical reaction in
the temperature of the material forming process.

2.2 ZnCuFerrite Raw Materials.
The raw material comes from the chemical analytical consisting of metal chloride salts and

alkaline bases such as tabulated in the Table 2 as follows;
Table 2, The Raw Material Contain of the Yield.

ZnCl2 CuCl2. 2H20 FeCl2.4H20 FeCL3.6H20 Na (OH)
Mol gram Mol Gra Mol | Gra Mol Gra Mol Gra
m m m m
Bath04P | 0,024 | 3.27 0,03 |613 |00 | 795 0.08 21.6 | 044 | 17.6
6 4 3
BathO6P | 0.036 | 4.90 0.02 |4.09 |00 | 795 0.08 21.6 | 044 | 17.6
4 4 3
Bath078 | 0.047 | 6.38 0.01 |322 |00 | 795 0.08 216 | 044 | 17.6
P 3 4 3
Bath088 | 0.053 | 7.20 0.00 |1.22 |00 | 795 0.08 216 | 044 | 17.6
P 7 4 3
Bath09P | 0.054 | 7.36 0.00 |1.02 |00 | 795 0.08 21.6 | 044 | 17.6
6 4 3

Material Preparation.

The material mixed dropwise until completion, stirring constantly. Furthermore, the
precipitation and filtration until the pH close to 7. Drying is done by heating to 80 degrees
more than 8 hours, after cleaning, the material is crushed in a mortar and screened ferrite
powder. do testing. To do ferrofluid making additions oleid after settling and filtering to pH
close to 7. Do the processes up to 6 samples, from sample to Bath04P Bath09P.

Result of the reactions were sampel Bath04 to BathO88P give liquid dark colour and give
respons and atract by magnetic. Bath09 no atractive by magnetic and tend to reject the
existence of of magnetic.
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DISCUSSION

3.1 Estimation of Particle Size and Growth Rate of Particle Material Cu-ZnFerrite.
In connection with the approach of the estimated Avrami that the enforceability of the state of
uniform temperature (isothermal) having linearity only in the area of formation yield of about
3%, while the fraction of the yield depends linearly with temperature T [Kuo et al, 2005] the
growth of the material allows to have more than one kind of growth among others; Avrami
model of particle growth (Isothermal) with a linearity of about 3% yield formation and particle
growth models Avrami Ozawa.

Given an isothermal process is only about 3%, the calculation can be disallowed by simply
estimating the particle growth in non-isothermal systems. To determine the Avrami constant
at a constant rate of change of temperature, growth rate constant k is expressed by the
equation:, v particle growth rate. N number of particles = £ moles x Avogadro's number. The
faction yield determined in a steady state of 4.18667 N * v3.

The number of samples so that the mole 0:06; N = 0:06 mole = 0.06x 6022 1023 = 0.156572 x
1023 particles. Given k = 0,656 x1023xv3 then v = {k / (0,656 x 1023)} 1/3 =k1 / 3/
(4,033x107). K value is determined from an experiment by using the software Ms.Excel can be
calculated growth rate and particle size as table 8 below.

Table 3. Estimated Growth Rates Cu-Zn Ferrite Particle

Sample Code
No
Parameter Bath 04P | Bath 06P Bath088P | Bath9P
Bath78P
1 N
. 1,1843 1,3909 1,4315 1,776 0,9891
partikel shape
) k, reaction 19,611 29,58 | 26,4058 | 0,05127 | 18395
rate constant
3
k1/3 2.427802 | 2.866763 | 1.342575| 0.848093 | 2.443534
v={k1/3/ 4,033}x10-| 60
4 7 nm/sec 71 33 21 61
Particle growth nm/sec nm/sec nm/sec | nm/sec
5 | Tsettle(second) | 34 29.7 29.1 20 39
Settling Time
6
1800 2100 970 420 2360
D [nm] (1,8 21 (097  [(042u  |(2,36
(Diameter Partikel) ’ ’ ) ’ ’
um) um) um) m) um)

Parameter versus diameter graph is described as follows
This is where the true center of our attention. Visible striking difference between Bath088P
with BathO9P. From the composition of the compound both have a very thin difference, but the
difference is the diameter that forms the highest. This is where the true center of our atention.
It appears that at bath088P has the lowest rate of reaction (0.05127), while the speed of the
reaction at bath078 is 26.4058 and at bath088P is 18.395
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The highest entropy estimate of 9.62 [] / mol K] happened BathO9P samples while the lowest
estimate of the entropy of 8.67 [J / mol K] occur in the sample bathO6P and bath088P.
Materials to the entropy of the highest such samples bathO9P will have a level of stability that
is the lowest, whereas materials with entropy lowest such bathO6P and 088P will have a level
of stability that is the highest, then the entropy materials sampelbath 088P and the sample
material bathO9P have a level of stability is very different though from the side raw material
almost no different.

In the sample bath078P, bath088P, and bath09P occur the different positive entropy or the
test material decrease in temperature. While the sample bath04, bath06 there is a difference of
negative entropy or an increase in temperature. Entropy highest sample 9.62
[J] / mol K] happened bathO9P sample. In physics among the existing materials of the most
unstable is the bath09 material that has the highest entropy.

In connection with the estimation approach Avrami that the enforceability of the state of
uniform temperature (isothermal) having linearity only on yield formation surrounding area
3%, while the yield fraction depends linearly with temperature T [Kuo et al, 2005] the growth
of the material allows to have more than one kind of growth, among others; Avrami model of
particle growth (Isothermal) with a linearity of about 3% yield formation, growth models
Avrami Ozawa. Given an isothermal process is only about 3%, the calculation can be disallowed
by simply determining the particle growth in non-isothermal systems. Avrami constants to
determine the rate of change of temperature constant k.

In the process of forming bath sample produce material particles number N = 0:06 mole =
0.06x 6022 1023 x 1023 particles = 0.156572 2.48012 & = {} * k1 x 10-8 / 3. Assuming the
cube-shaped particles, particle growth rate estimates can be calculated estimation using
Avrami equation n = 4 / 3xIIx N x L3 where N = number of particles partike and L length.

BathO9P
Bath088P
Bath078P

BathO6P
Bath04P

3000

Figure 2. The series of Bath Sample Diameter (nm).

Then it can be predicted that BathO88P particles are particles which easily preyed upon by
opponents reaction.

The existence of particles Bath088P relatively easily lost, in which the reaction rate is low 21
nm / sec and most setling time low (20 sec) while others have an average settling time 31 sec.
The rate of growth is highest in the particle formation process Fisbath06
ie 2:39 nm / second, while the slowest rate of growth of particles occurs in the process of forming
Fisbath088P 1:05 nm / secod. In Bath078 sample rate of growth of 1:14 nm / sec. Time
calculated from the full process from starting the process in which the fraction of the yield of
0% to yield 100% where the pH of the solution is considered steady. Utuk process time 33 sec
obtained Avrami particle size Ozawa 33.nm.
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Based on the nature of the Zn 2+ cations in spinel crystals that control the properties
ferromagnetic material, ferrite material and entropy values, can be compared between one
ingredient. Enthalpy of formation of the calculation results in Table 4.1 shows that the bath09
value formation enthalpy and entropy of the highest material. Thermodynamically hinted that
the material has a stable crystal bath 09P lowest. In general, the theoretical particle size
material CuZnFerrite = 49.24 nm with the rate of formation of the mean = 1.6 [nm / sec].

Characterization using a particle diameter measuring tool Particle Size Analyser (PSA) capable
of about 1 um, and characterization using a measuring instrument magnetism Permagraf to
determine the magnetic properties of materials such as; diamagnetic, paramagnetic,
ferromagnetic, ferromagnetic etc. The second compilation of materials characterization shaped
graph so if tabulated in the table will be obtained portrayal of characters simultaneously both
material characterization and Permagraf PSA initially shaped numeric data in two columns,
which can be directly converted into a graph using excel processor. PSA graph the volume
fraction of the material particle diameter, while the graph magnetism in the form of a graph
histerograf as a result of magnetization J [T] to the strength of the magnetic field H [kA /
meter] outside material influence.

Magnetic characterization done to get an initial picture of the influence of cations Zn 2+, Cu 2+
and Fe 2+. The higher the concentration of ions Zn 2+ and Fe 2+. High magnetitation properties
of materials. The higher the concentration of Cu 2+ ions will affect the electrical properties of
materials and reduced magnetic properties.

The nature of the material is also influenced by the particle size (particle size) material, the
smaller the particle size of the material, the material will tend to have the magnetic properties,
which are shown in graphical form histersis increasingly slim magnetization of the material.

Bath09P

Bath088P

Bath078P

BathO6P

Bath04P

Figure 3. Every bath activation position
In the bathO6P seen reaction constants and constants highest growth ie k = 29.8 and v =71 nm
/ sec. contrary to bath088P, meaning that if the two meet there will be no unification.
Bath088P core influence on the core else especially adjacent compound (bath09P) is the core
tends trapped against larger core, especially if it appears that the core BathO88P more
aggressive than the core trap.

The highest entropy estimate of 9.62 [] / mol K] happened BathO9P samples while the lowest
estimate of the entropy of 8.67 [J / mol K] occur in the sample bathO6P and bath088P.
Materials to the entropy of the highest such samples bathO9P will have a level of stability that
is the lowest, whereas materials with entropy lowest such bathO6P and 088P will have a level
of stability that is the highest, then the entropy materials sample bath 088P and the sample
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material bathO9P have a level of stability is very different though from the side raw material
almost no different.

In the sample bath078P, bath088P and bath09P happen the difference entropi is positive or
the test material decrease in temperature. While the sample bath04, bath06 there is a negative
difference.

In general, behave as soft magnetic materials such as bath088P with hysteresis relatively sharp
and graphically magnetic coercivity relatively little material. There coercivity maximum
magnetic magnetization regions. Bath088 hysteresis and 085 models are the models hysteresis
for magnetic materials which has high response to changes in magnetic properties. So it has
the ability as a high-frequency magnetic core.

3.2 Entropy Sample
Table 7. Estimated Energy Materials Forming CuZnFerrite

Drivin | The reaction | Estimated | Temp. Entropy
g enthalpy [J] / | Energy [J / | Average | [J] / mol K]
energy | mol] mole] (X10-3 Cal /
[J / | [Kcal / mol] (kcal/mole mol K)
mo] )
Bath 04P 540 2180.92(0.) (0.65) 303 (2.145)8.97
2627
Bath 06P 400 227.01(0.53) | (0.63) 302.7 (2.079) 8.67
2720
Bath 078P | 646 2181 (0.52) (0.68) 303 (2.244)9.33
2827
Bath 088P | 400 2184 (0.52) (0.62)2584 | 298 (2.080) 8.67
Bath 09P 736 2178 (0.52) (0.70) 303 (2,310)9.62
2914

Entropy highest sample 9.62 [J] / mol K] happened in bathO9P sample. In physics among the
existing materials of the most unstable is the bath09 material that has the highest entropy, and

most stable is the Bath 088P
2350

2300
2250
2.200
2150

2.100 1
2.050 1
2.000 1
1.950 T T T T

Bath04P  Bath06P  Bath078P  Bath088P  BathO9P

Figure4. Entropy of Sample Bath.

Magnetic test use permagraf. BathO88P as Soft Ferromagnetic and BathO9P as Anti
Ferromagnetic such as the following figure.

Particle size FisbathO6P sample average 18.79 um, is a soft ferromagnetic with histeresis
relatively linear approach and Magnetization material is relatively small so the tendency leads
to the paramagnetic properties. But with an average diameter that is far from the nano particle
size soft magnet properties more dominant than paramagnetic.
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Figure 5. Test Record of the Magnetic Sample Bath088P and Bath0O9P used Permagraph.

Bath04P to BathO9P usually as magneto rheology (MR) fluid, but Bath088P have particle
diameter about 0.42 um tend to 0.lum and have magnetic behavior, like as Ferrofluid.
Although the respons of BathO88P have 10 times the magnetic strength but almost like respons
of 1x BathO9P. This condition the liquid material may in twu condition. For mixing make
striking difficult to sparately.

4. CONCLUSION

1. Flow Injection Technique Synthesis-FIS is a co-precipitation synthesis method structured,
ie, monitor, store, the parameters pH, temperature T [K], and the processing time t [sec], so
as to obtain the data aquisisi system parameters quick process . With chloride raw materials
FeCl2.4H20, FeCl3.6H20, ZnCl2, CuCl2.2H20 and NaOH, FIS technique capable of producing
Zn-Cu Ferrite. With FIS process parameters obtained estimates the average energy-forming
material at room temperature of 0.66 kcal / mol. This value it is approaches the
thermodynamic enthalpy literature references presented by A. Navrosky and Kleppa 1967.
Analysis of the kinetics of the particle can be estimated theoretically CuZnFerrite material
particle size of about 1.53 um.with growth rate of 50 [nm / sec]

2. Sample BathO88P has the highest possibility to be used as material Ferrofuid with the
properties of the smallest particles and the least reactive and Soft Ferromagnetic. Diferent
with BathO9P there is no reaction in magnetic. In the chemical reaction between compounds
with compounds Bath088P bath09P difference is very little raw material components, but
provide a striking difference in physical properties. This proves that chemical compounds
have a very important role in the properties of the material.

3. Mixing between of the Bath088P with the BathO9P essentially simple case, given similar
compounds, but it is easy separation, ie by bringing the magnets are strong. Moreover,
already in the form of Ferrofluid easily separated.
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