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Abstract: The complex fluids, magnetic fluids used in tealogical applications in particular, should be &adp that the
parameters of the installations don’'t change owee.t Colloid, a ferrofluid in particular, is stabitaggregates formed
under the effect of London and Van der Waals forbesveen solid particles (particularly magnetiteve small
dimensions. This paper continues and developsttitkes concerning the optical properties of feurof$ [3] and shows
that the dimensions of the aggregates can be dstinlly measuring the spectral absorption coeffici8imce the size of
aggregates from complex fluids influences the #tgland opportunity of their utilization in practl applications, the
purpose of our paper is to estimate, using opticathods, the dimensions and numbers of he soliticigs from

aggregates which are formed in a very diluted cempiquid. In this case, using optical measuremerftthe spectral
absorption coefficient, the size of aggregatesegaffom 11 to 44 nm. Average number of nano-pagids 4. The
ferrofluid studied is stable and, thus, can betfullg used in technological and biological apptioas.
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Inside the complex liquid, unique particles and kena
1. Introduction (including 4 — 20 particles) or bigger (over 100frtiwles)
aggregates coexist [10].

The complex liquid studied in the present paper The magnetic liquids are studied, in the presemde o
constitutes a biphasic solid-liquid system, whighéves the absence of the magnetic field, using severghose
like an homogenous medium in the presence, asageh Optical, —electronic microscopy and magneto-optical
the absence of an electromagnetic field [1]. Foe thtechniques.
complex liquid/ fluid under study, a ferrofluid particular, With regard to light, the magnetic colloid behaiiks
the dispersant agent is earth-oil, the solid phise an homogenous medium and respects the law of Bougue
constituted of nanometric magnetite particles aheé t Lambert-Beer if the medium diameter of the solidtiptes
stabilisant is oleic acid. The complex liquid sedliis at most equals the tenth part of the wavelengtfithef
indexed by FP10. radiation [11,12].

The properties of the complex liquids are influshce ~ The present paper studies a very diluted complex
by the preparation method, which also determimesrt System, in the absence of the electromagnetic, fiedthg
microstructure [2,3]. experimental data concerning the spectral absarptib

The medium diameter of the magnetite particleynpolarized light. Experimental data have been inbth
imersed in FP10 liquid has been determined usirgg t€Mploying the spectrophotometer SPECORD UV-VIS.
electronic microscope and has revealed the follgwin ~ The paper continues and develops the sudies regardi
results:d = 11.354 nm [4,5]. the optical properties of ferrofluids [13, 14, ¥5]d shows

The studies concerning complex liquids are othe fact that aggregates might be explored through
importance because of their utility in practicaplipations, Measuring the spectral absorption coefficient.

as we can mention two research directions: Due to the fact that the dimensions of the aggesgat
- in biology, the magnetic liquids are used forcomplex liquids influence the stability and alsoe th
transport of cells and viruses opportunity of their use for practical applicatiptise paper

- in heliotechnics, the magnetic liquids are used d¥oposes to estimate, applying to one optical nutiioe
absorbent agent, spread in a very thin layer, ®f trflimensions and the number of solid particles ofragates
solar radiation [8,9]. which are formed in a very diluted complex liquid.

Between the solid particles of the solution, Londoal The paper highlights that in diluted solutions bét

Van der Waals forces appear. Under the action e$eth Studied complex liquid, there coexist magnetitetipias
forces, the magnetite particles tend to group tiedves in and aggregates with a diameter measuring betweemml1
aggregates. The aggregates lie under the influefce and 44nm. As a consequence, the number of solittjesr
gravitational and viscosity forces of the liquiddaform contained by aggregates varies between 1 and 4.

sediments, modifying thus the composition of theteyn. ~ The small dimensions of the aggregates of the cexnpl
This way, the Opportunity of the techno'ogica' inition of |IQUId studied add their contribution to the St&blbf the
the complex liquid is affected. fluid and realize the necessary condition whichbéemthe

use of these liquids for practical applications.
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In the near future, complex liquids, ferrofluids in Taking these conditions into account, the rafig
particular, will be used to develop some new teghes for calculated with equation (3) must equal the unityhw
preparing sintered materials. So, in a rotationdermal respect to all values ofandj.
magnetic field, the ferrofluid rotates also. Thentcéugal If the diameters of the aggregates are greater than
forces might separate the components of the complédO, the law of Bouguer-Lambert-Beer is not respkcte
liquid. Due to this fact, the reduction to Fe ofrtderric anymore and the ratid; does not equal the unity any
oxide, the mixture is obtained of non-magnetic make longer. Knowing the minimal starting wavelength,,
(ceramics, polymers, glass and so on) and magnetithen, with the increase of the radiation wavelengie

nanoparticles (Fe). law of Bouguer-Lambert-Beer is respect&g (ends to 1),
the aggregates’ diameter can be estimated with the
2. Theoretical aspects concerning the following equation:D=A4y,, /10. The approximate number
absorption of unpolarized natural light of solid particlesn which are forming an aggregate is:
n=D/d ( d represents the medium diameter of the magnetite

particles)

The spectral absorption coefficient of monochromati . .
b P The medium spectral value &f; is:

unpolarized light is:

O
K =— 1 —
| @ zj:%%zi.j,nzs (4)
The significance of the notations used in Eq. &ds '

follows: _ o . At the processing of experimental data, the
-K—the natqral_absorphor.l coefficient<sg = m; geometrical errors of sizes are considered as,nllls 0.
- LI - the extinction of light; _ The coefficient[] has been determined employing the
- | - the thickness of the absorbent layerzs= m; spectrophotometer SPECORD UV-VIS, with the follogvin

The natural extinction coefficient is described

through the following formula: error: ALl=+ 0.01.

The errors taken in consideration for the szesdK
LK (2) are:Ac=+15910°m? AK= +1m",
C It has been determined that the medium absolute err

In Eq. 2, ¢ represents the concentration of thé‘or the ratioZ;; may be calculated using the equation:

solution. The coefficient shows the property of being
independent of the concentration but dependenthef tAZ—j _ 1% |:Di.j / [1+c_r]m+ c, [“ O, /1 ]A D”}
wavelength. n@| ek, i c K, K. |

In order to establish if the magnetic liquid belave (5)
like an homogenous solution, the following procedbas
been applied:
- one of the samples has been considered as ameéer
sample;
- the extinction coefficient ¢;; , described in relation (2),
has been exemplified fori concentrations andj
wavelengths
- for each concentration and wavelength the ratese h
been calculated

3. Experimental

The spectral absorption of light in the very ditlite
complex liquid has been studied wusing the
spectrophotometer SPECORD UV-VIS. The working
diagram of the spectrophotometer SPECORD UV-VIS is
presented in Figure 1. The components of the apmara
are: 1 — light source (xenon flash lamp), 2 — emgesslit, 3
5 =& oS K @) ~ Qispersion device (prism and holographic grat_ing)—

* ¢ K, exit slit, 5 — sample (cuvette), 6 — detector (phutltiplier

tubes).
The significance of the notations used in Eq. 3 is:

the number of the samplg, — the order number of | S

monochromatic radiation; — the reference samplé&,; @ > | ? I-% >
represents the natural spectral extinction coefficof the

samplei reported to the natural extinction coefficientloé 1 2 3 4 5 6

reference sample.

If the solution is homogenous and the aggregateigure 1. The working diagram of the spectrophotiemel — source; 2 —
diameters for the radiatiom,- have smaller values than entrance slit; 3 — dispersion device; 4 — exit Slit sample; 6 — detector.
A, 110, then for the radiation;, the spectral extinction

coefficient, ¢;;, does not suffer any modifications with the
variation of the concentratioq. For another wavelength,

The recording domain of the photometer is 200- 800
nm and raises the dependenesef (/]) .

the spectral extinction coefficient may have thether Figure 2 presents the transmission of oil, theutve,
value but still the same value for all concentragioin and the empty recipient, the 2 curve. The rectgebuild
other words for a given wavelength# f (c). of quartz with a wall thickness of 0.4 cm. Figuretbws
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that oil is transparent only in the visible domaifhe
natural coefficient of absorption is constant withe
wavelength and takes the valkie 0.02 cm’.
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Figure 2. Light extinction:1- oil; 2 — recipient.

The studied ferrofluid has been prepared using t
in [13].
Nanoparticles of magnetite are the result of thenabal
reaction between ferric hydroxide and ferrous hyite. In

method of chemical precipitation detailed

till the spectrophotometer has indicated the passih
radiation, with the wavelength measuring betwe&%0 -
750 nm, through samples. This way diluted collgistesms
have been obtained. Table no.1 presents the absahad
relative concentrations of magnetite in the pregare
samples, samples which have been studied as refewi
the concentration of sample nori=c;/c;.

TABLE 1. Magnetite concentrations in the dilutetlaid solutions

Sample
no. () 1 2 3 4 5 6

Ci 1 )
(kg/n) | 00155 | 0031 0062 0093 0124 0155
Ni=Ci C1 1 2 4 6 8 10

4. Results and Discussion

a) The variation of the extinction of colloid sobn
with the wavelength and the concentration is shawn
Figure 4. For all concentrations, the absorptionagliation
through the solution is first increasing with thawelength,
then decreasing and, finally, for wavelengths gneétan
h6e00 nm, the transmission of ligth is almost total.

There is a significant absorption of radiation tigb
the solution for the wavelength interval 360 — 4%50.

2 (nm)

order to avoid the formation of large aggregatesl an .

sedimentation, the solid particles have been coaitda
layer of oleic acid. The polar groups of oleic acite
adsorbed by magnetite while the hydrocarbour grgpets

dissolved in earth-oil.

In Figure 3 is shown the micrography of the magdeeti
the electronic microscope

particles obtained using

(magnification 610°X).

The ferrofluids has the following physical and !
[]

chemical properties:

- a saturation magnetization of about 500 Gs;

- a global density of 1300 kgfn

- the concentration of magnetite particles,550 kg/m;
- the medium diameter of solid particlés; 11.354 nm

Figure 3. Micrography of the brown spar nano-phasic
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Figure 4. Extinction of colloid solution: ¢&=0.0155kg/f;
2-c=0.031kg/ni; 3-¢=0.062kg/ni; 4-¢=0.093kg/ni, 5-¢=0.124kg/nf;
6-c=0.155kg/m.

b) The parametric variation of the spectral absonpt
coefficientK., with the wavelength and respectively with
the magnetite concentration is indicated in Figue
respectively in Figure 6. The absorption coeffitimaches
maximal values for all concentrations found in the
wavelength interval 380 — 400 nm, then rapidly dases
with the increase of the wavelength (Figure 5). The

The complex system obtained is opaque to light evetbsorption coefficient increases with the conceiatna for

if the layer is a very thin one. As a consequette colloid
solution has been diluted using the method of dsspe,

all wavelengths and tends to reach saturation salue
(Figure 6).
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Figure 6. The variation of the absorption coeffitieith the
concentration{[nm]: 1- 390; 2- 410; 3- 430.

Figure 5. The variation of the absorption coeffitiith the wavelength,
c[kg/m3: 1- 0.0155; 2- 0.031; 3- 0.062.

¢) Table no.2 presents the the variation of thie & d) The values of the ratiéj and the absolute errors
with the wavelength. As a reference sample has been_ o . _
considered the sampie3 (c = 0.062 kg 1i¥). The points’ AZj are indicated in Table no.3. The rat?oj tends to

dispersion is greater for small wavelengths andatgrethe unity-value for wavelengths greater than 400 Ama
concentrations. The points are grouping aroundutiiey-  consequence, the diameter of the aggregates measure

value as the wavelength increases and the magnef§e40 nm and the approximate number of particles
concentration of the samples decreases. contained by an aggregateniss.

TABLE 2. The values of the ratig Z

A[nm] .
+—cfkgm] 370 | 380 | 390 400 410 420 43 440 450

0.015 1.20| 1.28 1.18 1.1 1.14 1.20 1.17 1J10 1,20

0.031 1.12| 1.12| 1.03  1.14 1.14 1.18 1.22 108 113

0.062 1.00{ 1.00f 1.00 1.0 1.0p 1.00 1.00 1joo 1000

0.093 0.80| 0.84/ 0.84 0.9¢ 1.0p 1.00 1.05 118 1018

0.124 0.94| 0.74 0.96 0.8 1.18 1.17 0.91 093 0.96

0.155 0.73| 064 068 0.7 077 079 088 095 096

TABLE 3. The medium values and the errors of dtie fj
[nﬁn] 360 370 380 390 400 410 420 430 44 450
z, 0.89 0.96 0.91 0.93 0.94 1.03 1.06 1.06 1.05 1.05
AZJ 0.03 0.02 0.03 0.03 0.03 0.03 0.03 0.06 0.05 0.06
£l 3.37 2.08 3.29 3.22 3.19 2.91 2.83 4.76 4.76 4.76
Z 089+ | 096+ | 091+ | 093+ | 094+ | 103+ | 1.06+ | 1.05+ | 1.05+ 1.05+
j.ad 0.03 0.02 0.03 0.03 0.03 0.03 0.03 0.05 0.05 0.05
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5. Conclusions

6. Nechifor A. C. and Andronescu Rpmanian Biological Sciencéegol.
IIl, 1-2,2005 13- 24.
7. Nechifor A. C., Andronescu E., Radu G.L. and INfec Gh.,Romanian

In very diluted solutions of the ferrofluids FP10,gjgigical Sciencesvol. Ill, 1 - 2,2005 57 -77.
aggregates with the diameter measuring betweenml 8. De Sabata C., Marcu C., Luminosu I. and ErcuteOftimal thickness
and 44nm are formed. The medium number of theqj,esti of solar heat absorbent ferrofluid layer SeminadeiMatematica si Fizica

contained by an aggregate is 4.

The reduced number of particles contained by a@chnologies,

al Universitatii ,Politehnica” din Timisoara, Mal984 85 -88.
9. Luminosu I., Pode V. and Marcu C., Magneticd&iin environmental
Eko-Conference 99, Environmentakeetion of Urban

aggregate indicates the good stability of the ddut and Suburban Settlements, 22 — 25 Sept., Novi-Badaoslavia), 1999

solutions of the studied ferrofluids.

The stability of the diluted colloid indicates the

opportunity of using it in technical application.
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