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Structure and physical properties of magneto-rheological slurries
under perturbation
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Pachuca, Hgo. 42090, &kico.
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Dispersions of micrometric magnetic particles in inert liquids acquire a complex multifractal structure when they are exposed to a static
magnetic field. If in addition to the static field it is applied on the dispersion an oscillatory magnetic perturbation, the structure formed by
the particles, and consequently, some of the physical properties of the system, can be strongly affected. Under certain conditions, by the
influence of the perturbation, the structure in the dispersion can be reconstructed becoming an ordered one. In this work, these phenomena
are discussed addressing the transformation of the structure in the scheme of a glass transition. For low particle concentration, the pattern
formation induced by the fields is quite different. The relationship between the pattern formation and the rheological properties of dilute
dispersions are also discussed.

Keywords: Glass transition; magneto rheological dispersions; reconstruction processes; aggregation under perturbation.

Las dispersiones magneto reologicas sorigales micrometricas de magnetita dispersadagidlos inertes, las cuales forman una estruc-
tura compleja multifractal cuando son expuestas a un campo@tiegesatico. Si en adidén a este campo &gico se aplica a la dispetsi,
una perturbaéin magrtica oscilatoria, la estructura formada por lasipatés, y de manera consecuente, algunas de sus propietackes f
del sistema, se ven afectadas de forma considerable. Bajo ciertas condiciones experimentales, por efecto de lampéda@diacctura en

la dispersbn puede ser reconstruida llegando a ser una estructura ordenada. En esta inwesggteiproceso es discutido con aténci
en la transformadin de la estructura bajo el esquemarteo de una transibn vitrea. Para bajas concentraciones deipalds, la dimica

de formacbn de estructuras inducido por el campo ne&go es ligeramente diferente. La refatientre el pabn de formadn y las
propiedades rebbicas de dispersiones diluidas tadbse discute en este trabajo.

Descriptores: Transicbn \itrea; disper€in magneto reologica; proceso de reconstlutcagregadn bajo perturbaciones.

PACS: 83.80.Gv; 45.70.Qj; 83.60.Np

1. Introduction for moderate particle concentrations, we address the study of
the time evolution of the structure due to the application of

. . , . , . . both fields, in analogy to the transformations of the structure
Micrometric magnetic particles dispersed in inert liquids €X-in the glass transition suffered by a supercooled liquid [7].
hibit complex aggregation processes when they are exposed

to a static magnetic field. The most distinctive characteris1 1. Experimental

tic of a moderately concentratesgt (0.1 in volume fraction)

magneto rheological dispersion under this conditions, is th&or low and medium concentrations, we observe by optical
multifractal structure formed by the particles [1]. It is due to microscopy the patter formation. The rheological dispersions
the sequential formation of clusters of different generationsvere prepared as follows: Magnetita’'s particles of average
which posse a well defined average size and mass fractal dsize 30u, were dispersed in mineral oil (Dextron, 76 cP). The
mension. This is a consequence of the predominance of thdispersion was poured into a circular glass cell of 5 cm diam-
different interactions during the aggregation process, whicteter, designed to fit on the microscope stage. This cell allows
starts with the application of the field. A characteristic timewater circulation, in order to control the sample temperature.
of formation of the clusters for these generations can be eahe magnetic fields were applied by means of two pairs of
ily estimated [1], and some of the physical properties of thesélelmholtz coils allocated in such a way that the static and
composites can be calculated on the basis of the knowledgeerturbation fields become transversal each other. The per-
of the fractal structure of the dispersions [2]. If in addition turbation in all the experimental series was kept abot 10
to the static field is applied a transversal magnetic perturbasf the intensity of the static field. Additionally to the obser-
tion, important changes can be induced in the structure of theations by means of the optical light polarized microscope,
dispersion [3]. For dilute dispersions (0.02 in volume frac-  we conduct experiments to observe the effect of the perturba-
tion), in the presence of both fields, the pattern formation extion on the viscosity of the sample under different conditions.
hibits important differences [2,4]. The static field induces theThe effect of the perturbation on the rheological properties
formation of chain-shaped clusters and the perturbation ersf the dispersion is particulary important for the low particle
hances the formation of larger and thicker chains [5]. Hereconcentration. For dilute dispersions these rheological mea-
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FIGURE 1. Photographs corresponding to three stages of the strucFIGURE 2. Three stages of the time evolution of the structure of

ture time evolution with its corresponding graph of the scaling re- @ magneto-rheological dispersions under perturbation. At the right

lationlog,,(m) — log, (7). side there appears the corresponding multifractal characterization
of the structure.

surements were performed by means a Brookfield rheometer . ) ]
LVDV-III. three different stages of the time evolution of a magneto-

rheological dispersion exposed to both fields. The upper im-
age correspond to an initial stage, immediately after the si-
multaneous application of the static and perturbation fields.

To analyze the fractal characteristics of the structure formed\ the right side of the photograph appears its fractal charac-
by the particles in the dispersion, the time evolution causedfization in terms of the behavior of the spectriita) V; o

by the application of the static and oscillatory fields, is@nd the behavior of D(QY; Q. In this scheme if the graph
recorded by means a digital camera coupled to the microlS humped as m_the upper figure, the structure is considered
scope, from this film some photographs are obtained at differd multifractal object._ If the graph converges as in th.e_ lowest
ent stages and a multifractal analysis is performed on thenfigure the structure is considered non-fractal. Additionally,
Figure 1 shows photographs of three different stages of thé the graph of D(Q)V; Q is decreasing this is a characteris-
reconstruction process. The photograph a) corresponds figofa multlf_ractgl_ob_Ject, but if the behawc_)r of the curve is
the initial condition when only the perturbation field, 12 G non-decreasing it indicates that the object is mono-fractal or
amplitude and 4 Hz frequency, is applied. On the right siddon-fractal.

appears the graplvg,,(m) — log,,(r) obtained by a box

counting method. The slo.pe of the right portions is the s Glass transition analogy

called mass fractal dimension.

Curve and image a) show the characteristic three straighi theoretical approach to understand the nature of the glass
segments related to the formation of three generations dfansition, is to address this phenomena as the result of a pro-
clusters. Photograph b) shows the structure in a stage fewess, in which a molecular liquid is supercooled at a fast rate,
seconds after the instant which also the static field was turneith such a way that the crystallization is prevented. Usually,
on. The corresponding graph shows the structure modificathis glass transition is distinguished from the crystalline tran-
tion in terms of the changes in the scaling relations at differsition by using a molecular time of relaxation, which char-
ent ranges of the radial distance. The segment correspondirgterizes the threshold rate of cooling leading the liquid to
to the second generation clusters exhibits a clear reduction @sglass or a crystal. We wish to analyze the transformation
a consequence of the perturbation. Curve and image c) showhich undergoes the structure formed by the particles in a
the situation some time after the perturbation and the statimagneto rheological dispersion, caused by the application of
field were acting on the dispersion. The perturbation has led static as well as an oscillatory perturbation, by making an
the system to an homogeneous ordered structure, with a slop@alogy with the glass transition. We assume that in the struc-
in the graphog;,(m) — log,,(r) D ~ 2. tural transformation undergone in a magneto rheological dis-

The multifractal characteristics of the magneto- persion due to the applied fields, the rate of the perturbation
rheological dispersion exposed to the static and perturbaamplitude to the intensity of the static field, has the role that
tion fields, can be corroborated by means of a more detailethe temperature has driving the transition in a supercooled
multifractal analysis. This analysis was made by using thdiquid. The experimental procedure to determine the analo-
plug-in FracLac for the free package ImageJ. Figure 2 showgous of the molecular time of relaxatiaf, is the following:

1.2. Fractal structure
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FIGURE 3. The measured relaxation timg, as a function of the o L L
particle concentration. The oscillatory perturbation was kept to 1.05 1.20 1.35 1.50 1.65
12G. log, (t)

the dispersion is prepared at a given concentration of partit'URE 4. The short and long (inset) time behavior of the viscos-
ity as a function of time showing the relative increment caused by

cles and the oscillatory perturbation 12 G is turned on, theq . o _

- . h : . ; he simultaneous application of both fields. In the lower curve the
the static field is applied by steps up to a final intensity of . .\ bation was applied with a delay of 800 seconds.
120 G. The number of steps per unit time to reach the finaP
intensity of the static field determines the height of the stepseconds, is several times larger than that reached by the ap-
In this series of experiments one tries to determine the heighfjication of a static field, this is true even if the intensity of
of the steps, it is the characteristic time of relaxation, whichthe static field is larger than that applied simultaneously with
distinguishes when the evolution of the structure ends with ape perturbation. Obviously this is due to the comparatively
ordered (crystalline) structure or a disordered one. A detaileqirger average length of the chains formed when both fields
analysis of the structural transformation in analogy with glasgre present.
transition on the basis of the calculation of thermodynamic  The long time behavior of the effective viscosity is shown
quantities is presently in progress [6]. in the inset. The upper curve of the log-log graph shows the
effective viscosity when both fields are applied simultane-
ously. In the lower curve the perturbation was applied after a
delay of 800 seconds.Two aspects of the Fig. 4 most be em-
In the low particle concentration regime, the perturbationPhasized: the first one is that both viscosity curves exhibit a
generates new aggregation mechanisms that produce a fasféfar scaling behavior with time. This power law behavior is
aggregation of chains [5]. In turn, it causes a larger and faste?!SO observed in the effective viscosity as a function of other
increment on the measured viscosity [5]. The behavior ofXternal variables of the system, such as particle concentra-

the long time effective viscosity was discussed in detail infion, static field intensity, frequency and amplitude of the
Ref. 5, here we focus our attention in the interval of timePerturbation, etc. It makes possible to construct easily gen-
when the rheological changes occur abruptly. In the shorgral rate equations toldesc.ribe thg rheological behavipr or di-
time regime the application of the fields induces the forma/ute magneto-rheological dispersions under perturbations [S].
tion of the chain shaped clusters. The length and thicknes5ne second aspectworthy of remarkis the tremendous effect,
of these chains influence the effective viscosity of the disper€ven in the long time effective viscosity, of applying simul-
sion. Figure 4 shows the effective viscosity of the dispersiorfaneously the static and the perturbation fields. Notice that
for three different conditions. The upper curve shows in gat imes as long as fGseconds, still the effective viscosity
logarithmic graph, the short time behavior of the viscosityValue is sevgral times Iarger for the sample that was exposed
when a static (90 G) and perturbation (12 G rms, 2 Hz) fielddrom the beginning to both fields.

are applied simultaneously. In the lower curve appears the

viscosity when only a static of 102 G field is applied. Notice Acknowledgments

that when both fields are applied simultaneously, the value

reached by the effective viscosity after some few dozens oAcknowledgments: Viep, CONACyYT

Effect of the perturbation on the viscosity
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