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ARTICLE INFO ABSTRACT

Keywords: Magnetorheological fluids (MRFs) are smart materials that respond to an external magnetic field by changing
Magnetorheological fluid their rheological properties. A main drawback of MR fluids is sedimentation which may render the fluids
Smart fluid ) unusable over time. In this study, we introduce a system for the investigation of the sedimentation of
iz%ﬁg;i:;zﬂensmn magnetorheological fluids in the gravitational field. First of all, differential equation approximations describing

the initial stage and the post-saturated stage of the sedimentation are proposed to correlate the experimental
results. The custom-developed apparatus is explained, which incorporates a measuring sensor with a lock-in
amplifier, a vertically positioned test tube, and a motorized z-axis translating stage. The measurement principle
is based on the change of mutual induction between the primary and secondary coils of a sensor, according to
the volume fraction-dependent susceptibility. The sensor’s coils are driven by a lock-in amplifier, which is able
to sense the minor settling distances. The motorized translating axis provides the opportunity for the analysis
of the concentration profile of the sample column along its entire length and the device is able to work in fully
automated mode. The performance of the device is validated by measurements with Lord MR fluids, for which
the sedimentation constant and ratio metrics are provided.

iron and magnetite, these have high saturation magnetization attribu-
tion. This is important because the higher the saturation magnetization
is, the higher the maximum yield stress will be. The micron-sized parti-
cles have multiple magnetic domains. In off-state, each domain has its
own magnetic moment, but the orientation of the moments are differ-
ent and they cancel each other out, so the particles of an MR fluid have
no net magnetization. In on-state, the domain’s magnetic moment will
be parallel to the external magnetic field and there will be only one
domain within the particle. Consequently, the particles acquire a mag-
netic polarization and attract one another forming chain-like structures
that join to form columnar structures. The newly formed structure has
increased viscosity and apparent yield stress under shear [4] [5] [6].

1. Introduction

Magnetorheological fluids are suspensions of micron-sized magnetic
particles in a non-magnetic liquid medium such as silicone oil. The typ-
ical MR fluids contain 30-40 volume percent of ferro- or ferrimagnetic
spherical particles, carrier fluid, and additives. The viscosity and shear
stress of the suspension can be controlled by varying the strength of the
external applied magnetic field. If there is no external magnetic field
(off-state) the viscosity of MR fluids depends mainly on the fraction of
the solid particles, the viscosity of the carries fluid, and the possible ad-
ditives. While under an external magnetic field (on-state) the viscosity
depends mainly on solid particle fraction, magnetic field strength, and
saturation magnetization of the particles [1] [2]. MRFs have gained
wide application as semi-active vibration absorbing systems and vehi-

cle suspensions, furthermore in aircraft utilizations too [3].
1.1. MR fluid behavior

Conventional magnetorheological fluids utilize ferromagnetic parti-
cles which have diameters around 1-10 pm. The most used materials are
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1.2. Off-state properties

In the absence of an external magnetic field, the magnetic particles
are randomly distributed in the carrier fluid and the forces they en-
counter are mostly hydrodynamic. Due to the dominant force being the
gravitational force the magnetic particles settle in the MR fluid after
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Fig. 1. Schematic diagram of the forces acting on a settling spherical particle.

remixing. Sedimentation is mainly influenced by the density mismatch
between the particles and the carrier fluid [7]. The net force (F,,,), that
is acting on a single spherical particle in a fluid medium is given as

Fnet:Fg_Fb_FS_FB (@9)]

where F, is the gravitational force, F, is the buoyancy force, Fg is the
Stokes force, and Fy is the Brownian force, which are shown in Fig. 1.
From Eq. (1) the gravitational force, that acting on a spherical particle
is defined as

4
Fy=3rmppg @
where r is the radius of the particle, p, is the density of the particle and
g is the gravitational acceleration. The buoyancy force is in the opposite
direction to the gravitational force and it defined as

4
F,= 5"3ﬂ'ﬂfg 3)

where p; is the density of the carrier fluid. The Stokes force is also
opposed by the gravitational force, which describes the fluid resistance
force acting on a slowly moving body in a fluid:

Fg =6nnrv (€3]

where 7 is the apparent viscosity of the carrier fluid and v is the ve-
locity of a single particle. The Brownian forces (Fy) result from the
random thermal movement of carrier fluid molecules that are colliding
with particles, which are generally opposed to the gravimetric forces
[1] [8]. However, [9] says that these weak forces are negligible and are
therefore not considered further.

Conventionally, the role of the particle-particle interactions during
dispersion sedimentation can be investigated with good accuracy by
simulation techniques [9]. The single-particle approximation is thus a
rough model to describe the sedimentation of a dispersion, but using
solutions of the differential equation, functions can be proposed to cor-
relate the measurement results.

(a) Initial stage
On the basis of Newton II. law, the equation of motion at the initial
stage of sedimentation:

E+ﬂv=a, (5)

where a = ( - %)g and f = %%, with the initial condition v(t = 0) =
P "rp
0. By solving analytically the ordinary differential equation of Eq. (5) we

obtain the settling velocity of an immersed, single-sphere shape particle
until the saturation point

v= %(1 —e 6

Thus, a function y,(t) = a(l — e~®") can be fitted to the initial part of
the sedimentation curve. This simplified model is particularly useful in
the early stages of sedimentation, as the particles that are sedimenting
become more inhibited as time increases, thereby reducing the sedi-
mentation rate.

(b) Post-saturation stage
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The magnetic particles will settle if the gravitational force is larger
than the buoyancy and Stokes forces together. The downward move-
ment of a particle requires upward back-flow of the carrier fluid during
sedimentation. Because the flow of the carrier fluid is hindered if the
viscosity of the carrier fluid or the number of the neighboring particles
increases the sedimentation process will slow down over time. The time
at which the sedimentation rate starts to decrease is called the satura-
tion point [10] [11].

To describe this phenomenon, we propose the steps following for the
decreasing velocity stage. Brenner [12] proposes a correction factor of
f=1+ %% to consider the bottom effect, but this is only applicable to
small Reynolds numbers. According to Brenner, we propose the function
of f= ’;1—0, as it takes a stronger effect into account. Thereby, the original
differential equation (Eq. (5)) is modified to

& pro=a %)

In the constant velocity range, we assume that % ~ 0, therefore

o
v=—nh. ®
Bhy
Whereas the direction of velocity and displacement are opposite,
dh
et 9
ar " ©)
Finally, we obtain the differential equation of
dh a
T r = h=0, 10
T e (10)

with initial condition of A(r = 0) = h,,. From its solution, for the velocity
we obtain
a -t
v=—e Pho an
p
which justifies fitting a curve of type y,(r) = ce™? in the saturated sec-
tion.

Various strategies have been used to reduce sedimentation velocity.
One of them is the use of nanoparticles, with an average diameter of
10-100 nm. Nevertheless, if the suspension homogeneity is lost due to
sedimentation, the MR fluid is no longer effective. In practical engineer-
ing applications, already when stratification occurs, the performance of
MR devices may be compromised, especially in cases where the MR de-
vice is used infrequently such as in earthquake dampers [13] [14].

1.3. Methods for sedimentation monitoring

Several studies have been carried out recently on the sedimentation
of suspensions containing magnetic particles. Silfhout et al. [15] and
Luigjes et al. [16], used a practical approach to characterize the sedi-
mentation rate and concentration profile of ferrofluids with magnetic
particles. In their studies, custom-prepared fluids were investigated,
allowing detailed theoretical modeling, while sedimentation character-
istic measurements were carried out by measuring the magnetic field
as a function of sample column height using a Hall probe. Silfhout and
Erne, [17] investigated the sedimentation rate of fluids with magnetic
particles using X-ray transmission profiles measurement. Furthermore,
the effects of specific factors on sedimentation, such as particle con-
centration and viscosity, were investigated. Xie et al., [18] used an
inductance-based method to investigate the sedimentation stability of
magnetorheological fluids. The measurement system was constructed to
measure the particle concentration at several points of a vertical column
of the fluid sample, with a total measurement time of 96 days, consid-
ering the low rate of the sedimentation process. In their study, they
highlighted the role of the fact that the composition of the settling sus-
pension in the tube has four zones. The most-upper zone is a clear fluid
layer, that does not contain magnetic particles. Below this is the original
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Fig. 2. Schematic of the automated vertical axis measuring device. The following phases can be observed in the fluid column: (D upper clear fluid layer, @) original

concentration zone, (3 variable concentration zone, 3 sediment zone.

concentration zone, the variable concentration zone and the lowermost
is the sediment zone. As solid particles saturate sections of the fluid
column by settling, thus layers of constant concentration appear to
propagate upwards. This does not mean that solids are propagating up-
wards, merely giving rise to lines called concentration characteristics
[19] [20]. The boundary between the clear fluid layer and the original
concentration zone is called mudline, from the change in position and
time can be obtained the sedimentation rate of the suspension. Cheng
et al., [21] used a novel thermal conductivity monitoring approach to
measure the sedimentation rate of magnetorheological fluids. In their
study, a linear relationship between the particle concentration and ther-
mal conductivities was observed. A series of MRFs were prepared and
tested, however, the measurement duration was only 17 h.

Pshenichnikov et al., [22] [23] applied Monte Carlo method and
molecular dynamics approach to study the gravitational sedimentation
of magnetic particles. They have achieved remarkable results, but the
theoretically based approach and modeling of magnetic suspensions is
a complex process, as the effects of many variables have to be con-
sidered. These equations take into account steric, magnetodipole, and
hydrodynamic interparticle interactions, however, the development of
a more elaborate model poses the risk of overinterpretation [17]. Fur-
thermore, in many cases, the exact composition of the fluids is not
known, which would be necessary for modeling. For these reasons, the
measurement-based investigation of the sedimentation of these fluids is
of high importance.

Therefore, the objective of this study is to design and build an ap-
paratus that can be used to investigate the sedimentation velocity of
conventional magnetorheological fluids. An essential aspect is that the
apparatus should be able to detect the concentration changes through-
out the entire length of the fluid sample, and the objective is to achieve
a simple and low-cost device without the need for complex sensors.

2. Automated vertical axis measuring device

The automated vertical axis measuring device’s working principle
is shown in Fig. 2. The sensor unit of the apparatus consists of two
windings, which are based on the principle of mutual inductance to
detect the change of volume fraction of solid particles at a given height.
The module is connected to the control PC via a lock-in amplifier. A
long cylindrical test tube is placed inside the measuring coil’s air gap.
The test tube contains the magnetorheological fluid sample. The test
tube’s inner diameter is 3 mm and the length is 400 mm. With attention
to the diameter of the test tube, the walls of the container have no effect
on the rate of sedimentation if the ratio of the diameter of the vessel to
the diameter of the particle is greater than about 100 [24]. Along with
this if the walls of the container are vertical, and therefore the cross-

sectional area does not vary with depth, the shape of the container has
little effect on the sedimentation rate.

The sensor contains a primary (L;) and a secondary (L,) wind-
ing in a close-together arrangement. The primary coil is excited by
the output of the lock-in amplifier, and the ferromagnetic particles in
the MR fluid sample act as an iron core, therefore the primary and
secondary winding is magnetically linked together and mutual induc-
tance induces a voltage in the secondary coil. Due to the coupling
between coils, the induced voltage is highly dependent on the volume
fraction of magnetic particles at the current cross-section according to
the altitude-dependent susceptibility. The relationship between particle
concentration and susceptibility can be derived as shown below. First,
start from the Maxwell-Garnett equation expressing the magnetic per-
meability (u) of a monodisperse MR fluid:

H—=Hp _
HA2u,

T 12)
Hp+ 2

where 4, is the permeability of the carrier fluid, u, is the permeability
of the magnetic particles and ¢ is the volume fraction. Moving from
permeability to susceptibility in terms of y = u — 1, it can be written
that

-0 3%
3+ 4,0-0)

For small ¢ this equation was linearized by Gorodkin et al. [25] as
follows and the notation is introduced:

X (13)

X=X a4

3:(; and y, is the slope of the y vs. ¢ curve. Their results

show that for carbonyl-iron based particles the slope of y, varies be-
tween 1.77 and 8.03 and the linear equation correlates well with our
experimental data. At different dilutions, the linear relation was veri-
fied for our MR fluid samples by measurements. In our case, the value
of y, ranges between 5 and 6, which is consistent with the data of
Gorodkin et al. [25]. This means that the induced voltage in the coil
is proportional with y and according to Eq. (14) linearly depends on
the volume fraction. The secondary winding’s signal is processed by the
lock-in amplifier (Ametek 7270 DSP). The lock-in amplifier amplifies
only the given frequency signal, this allows accurate measurement with
approximate suppression of external noise. Furthermore, due to the ex-
citing voltage’s amplitude and frequency can be varied, the sensitivity
of the sensor can be adjusted to the MR fluid properties. During our
measurements, the excitation frequency was set to 700 Hz and the am-
plitude to 3V, since this configuration showed the highest sensitivity.
Due to the settling time can take several months, thereby it is neces-
sary to measure many times, so a fully automatic measuring device was

where y, =
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Table 1

Composition of MR fluid samples.
Type of MR fluid MRF-140CG MRF-122EG
Solids content by weight 85 m/m% 72 m/m%
Apparent viscosity 0.280 Pa-s 0.042 Pa-s
Density of MR fluid 3.5-3.7 g/em®  2.2-2.4 g/cm?
Range of particle diameter 2 -10 um 2-10 um

designed. The sensor is translated along the vertical axis by a motor-
ized linear unit and the measurement data will be automatically saved
to the computer. The measurement period time can be set before the
MR sample fill-in process. Furthermore, the sensor stage velocity, the
measurement height, and the lock-in amplifier settings can be set from
the apparatus’s program on the computer. The controller unit (MyRIO-
1900-National Instruments) is responsible for the data acquisition, the
communication between the units, and the control of the motorized lin-
ear unit. Thereby, the long-time measurements can be easily executed
by the automated measuring device.

The sensor stage can move along the whole height of the test tube,
therefore, the entire sedimentation characterization can be observed.
The described automated vertical axis measuring device and method
has been validated by measurements on commercially available magne-
torheological fluids.

3. Results and discussion

In this study, two commercially available MR fluid samples were
studied by the automated measuring device. Each of the samples was
made by the Lord company and both of them contain iron micropar-
ticles with a diameter of range 2 and 10 pm, and the matrix is poly-
dimethylsiloxane. One of the measured fluid types was the MRF-140CG,
while the type of MRF-122EG MRF was used for comparison. Both of
the used MR fluid composition is shown in Table 1.

3.1. Measurement setup

The magnetorheological fluid samples were prepared by manually
mixing. A syringe was used to vacuum the MR fluid into the test tube
from the bottom of the tube to avoid air bubbles. The samples were kept
maintained at room temperature for 24 hours before the measurements
to equilibrate temperature. Furthermore, during this initial period, the
effects of filling the test tube can still have an influence on the move-
ment of the particles. The height of the initial fluid column was 330 mm
with the MRF-140CG, and 275 mm with the MRF-122EG. According to
[24] the height of suspension does not generally affect the sedimenta-
tion rate. Previous studies recommended the length of the measurement
period should be as extended as possible, as this can help to better
understand the sedimentation process. Furthermore, the sedimentation
rate can vary significantly between different time sections [2]. The mea-
surement interval was 70 days and the measurements were carried out
every day by the automated mode of the device, without human inter-
vention.

3.2. Raw measurement results

After the measuring period, the experimental data are summarized
in Fig. 3 for the type of MRF-140CG and Fig. 4 for the MRF-122EG,
where 10° sec ~ 1 day. The figures show the raw output voltage of the
lock-in amplifier unit as a function of time and height. The bottom of
the test tube is the reference altitude (0 mm). As shown in Fig. 3, the
original induced voltage value is very stable throughout the measure-
ment period for the MRF-140CG sample. With time, the induced voltage
at the bottom of the sample column slowly increased with the increas-
ing volume fraction of particles. At the top of the column, the variable
concentration zone began to form continuously from day 10. As shown
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Fig. 3. The effective value of measured voltage as a function of time and height
for MRF140CG (10° sec ~ 1 day).
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Fig. 4. The effective value of measured voltage as a function of time and height
for MRF122EG (10° sec ~ 1 day).

in Fig. 4 on the last measured data curves the different concentration
zones formed as mentioned previously. In height of between 70 mm
and 170 mm, the variable concentration zone, between 170 mm and
235 mm the original concentration zone, and the gap between the ini-
tial state and the 70 days state (275 mm and 235 mm) presents the clear
fluid layer. As can be seen, at the bottom of the test tube the volume
fraction of the particles is continuously increasing as in the sample of
MRF140CG. The difference between the formed concentration zones of
each sample derives from the various apparent viscosity. Since the MRF-
122EG fluid has a significantly lower viscosity when the particles settle
downwards the carrier fluid can flow up with less resistance. As a re-
sult, the different concentration zones appear more decisively and they
are clearly manifesting themselves than in sample MRF-140CG. The dif-
ference in the volume fraction of particles between the two samples is
noticeable from the basic value of induced voltage.

Fig. 5 focuses only on the top of the fluid column. The vertical
axis indicates the measured voltage and the horizontal axis indicates
the height of the fluid column on both (a) and (b) figures. As the fig-
ures show measurement data for several days, it indicates the position
change of the mudline. According to this, the entire mudline travel is
about 10 mm for MRF-140CG. Since the MRF-122EG fluid’s apparent
viscosity is significantly less and it has fewer particles in the same vol-
ume, thus the mudline travel here is about 35 mm.

The particles in the MR fluid column tend to sink to the bottom of
the column if the gravity force is larger than the others. As the parti-
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Fig. 5. Changing of the induced voltage as a function of height over time at the top of the MRF column, see also the change of the mudline position.

7 T

*  MRF140CG
Exponential fit functions

S _[MSb]

0 10 20 30 40 50 60 70
Time [sec]

(a) MRF140CG

*  MRF122EG
r Exponential fit functions *

s, Msb]
[$;]
e

0 10 20 30 40 50 60 70
Time [sec] x10

(b) MRF122EG

Fig. 6. Sedimentation constant according to time sections as a function of time.

cles sink to the bottom, a layer of clear fluid forms at the top of the
column from the carrier fluid. The boundary between the supernatant
zone and the concentrated MRF, the mudline can be observed visually
if the carrier fluid is translucent. In this study, the height of the super-
natant zone and the entire fluid column can be defined by the data of
Fig. 5a for MRF-140CG and Fig. 5b for MRF-122EG, showing the change
of mudline height as a function of time at the top of the fluid column.

3.3. Derived metrics

The sedimentation velocity (v, sedimentation rate) is defined as the
rate at which the mudline sinks due to particle settling until the parti-
cles get down to the bottom of the test tube without further sedimenta-
tion. Since the net force acting on the particles can vary depending on
the measurement system, therefore the sedimentation rate of the solid
particles is commonly expressed by the sedimentation constant, S.. The
sedimentation constant is the ratio of the sedimentation rate and the
value of acceleration, under gravity g =9.81 m/s:

S, = (15)

v
¢ g

The sedimentation constant’s unit is Svedberg, which is a measure of
time, defined as 1 Sb=10~'3 s. For magnetorheological fluids, the Sved-
berg unit is fairly low, so the megaSvedbergs are usually used. Since
the sedimentation rate changes over time due to particle-particle inter-
action and as the suspension saturates, therefore the settling constant
is calculated as a function of time. Fig. 6a shows the sedimentation
constants according to time sections to the entire measuring time for
MRF-140CG and Fig. 6b for MRF-122EG. As shown in Fig. 6a the sedi-
mentation constant for the initial state is 3.5 - 10~* MSb, 10 days later it
is close to 6- 10~* MSb. In the further time sections of the measurement,
the sedimentation constant continuously decreases up to 0.7 - 10~% MSb.
For MRF-122EG, the initial sedimentation constant is 4 - 10~* MSb, af-
terward 6 days it is 6- 10~* MSb. The sedimentation constant is growing
up to 9 - 10~* MSb. By the decreasing of the sedimentation velocity, the
sedimentation constant sharp decreases too, up to 1- 10~* MSb.

To correlate the measurement data, exponential type functions were
fitted according to Subsection 1.2. Separately for the initial stage a y, ()
type function (see Eq. (6)) and for the post-saturation stage a y,(¢) type
function (see Eq. (11)) have been fitted. One measure of goodness of
fit is the coefficient of determination or R-squared value, which indi-
cates how closely the values that obtained from fitting match with the
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original values. The average R-squared value is 0.94 for the MRF140CG
fluid and 0.97 for the MRF122EG sample. Furthermore, the character
and transition between the initial and the post-saturation phase can be
well observed by the fits. Thereby, it can be noted that the initial stage
duration of MRF122EG is more than twice that of MRF140CG, which
can be related to the later saturation due to the lower solid particle
content.

A further important measure of sedimentation is the sedimentation
ratio, which is defined as the volume of the clear fluid layer above the
mudline, and the volume of the entire suspension [26]. By using stan-
dard test tubes, the shape of the cross-section is the same throughout
the whole height. Therefore, the sedimentation ratio, R(?) is the ratio of
the height of the clear fluid layer, Agpermatant> to the total height of the
fluid column, Hepire, as shown by Fig. 7. These values were determined
on the basis of Fig. 5a for MRF-140CG and Fig. 5b for MRF-122EG. Fur-
thermore, the exact value of He;.. Was obtained from the lower initial
increase point of the mudline curve instead of the inflection point, as in
our experience the sensor provides the most reliable reference point at
this level. The percentage of sedimentation ratio for MRF-140CG is plot-
ted as a function of time in Fig. 8a. As shown, the sedimentation ratio is
continuously increasing up to 3%. Fig. 8b shows the sedimentation ra-
tio for MRF-122EG, which is growing approximately linearly up to 11%
during the 70 days measuring period. The slope of the sedimentation ra-
tio curve also shows the trend in the sedimentation velocity. According
to this, can be noticed from both figures that the initial sedimentation
rate is lower than the average sedimentation rate, which is supported
by [21] reference’s experiences. The maximum sedimentation rate was
in between 10 and 20 days for MRF-140CG and between 30 and 40
days for MRF-122EG. From day 45 the sedimentation velocity is con-
tinuously decreasing until day 65, where the sedimentation velocity is
approximately zero. In Fig. 8a (MRF-140CG), a more linear sedimenta-

supernatant

h
R(t) =
() Hentire H

Fig. 7. Illustration of sedimentation ratio.
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tion rate is noticeable, which is caused by the higher viscosity of the MR
fluid. To obtain the type of the fitting function for the sedimentation ra-
tio values, the integral of the exponential functions (y,(t), y,(1)) fitted
to the sedimentation constant values (Fig. 6) were used. The R-squared
value for the MRF140CG sample is 0.89 and 0.8 for the MRF122EG
fluid.

3.4. Validation

There are limited possibilities to validate the results by comparison,
as there is no universally accepted or standardized measurement proce-
dure for the sedimentation of magnetorheological fluids [5]. Therefore,
the measurement and evaluation methods and measurement times de-
scribed in the literature vary considerably. Furthermore, many measure-
ments have been carried out for significantly shorter periods of time,
which makes it difficult to compare long-term measurement results [2].
Lord-type magnetorheological fluid was investigated by Xie et al. [18],
however, the MRF126CD-type suspension they investigated is no longer
commercially available, but has properties close to MRF122EG fluid.
Results were reported at regular intervals for the first 28 days and then
at day 96. The sedimentation ratio was approximately 8% on day 28
and 15% on day 96 at comparable measurement time points. Further-
more, the results summarized in the review article provided by Kumar
et al. [6] reflect that these types of fluids generally show a sedimen-
tation ratio of a few percent over a 3-month period. Furthermore, the
characteristics of the sedimentation velocity and ratio curves given by
Holdich [19] and Alapati [11] are in good agreement with the presented
measurement results. In addition, changes in mudline travel were visu-
ally monitored during the measurements, which was consistent with the
results provided by the apparatus.

4. Conclusion

In this study, a measuring device has been designed and built to
measure the sedimentation characterization of magnetorheological flu-
ids. The device incorporates a motorized vertical axis translating stage
on it with the sensor unit, due to this the apparatus is able to work
in fully automatic mode on its own. The measuring device has been
experimentally validated by measurements on commercially available
magnetorheological fluids, by Lord MRF-140CG and Lord MRF-122EG.
The measurement has been carried out for 70 days with a measurement
taken every day. The measurements were performed in fully automatic
mode without human intervention. In the sample columns, the volume
fraction of the magnetic particles changed as a function of time and as

0.12

01 |
0.08 |
C 0.06 -

0.04 -
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*  MRF-122EG

0 . . . . . .
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Time [sec] x10°
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Fig. 8. Sedimentation ratio as a function of time.
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a function of height. The sedimentation velocity has been determined
from the mudline travel, which is v = 1.4 nm/s for MRF-140CG and
v =>5.8 nm/s for MRF-122EG for the measurement interval. From there,
the average sedimentation constant has been computed (see Eq. (15)),
what is S, =2.82 - 10~* MSb for MRF-140CG and S, = 7.24 - 10~* MSb
for MRF-122EG. The maximum sedimentation ratio at the end of the
measurement period was 3% for MRF-140CG and 11% for MRF-122EG.
Based on previous experience, the measurements were carried out over
a considerable period of 70 days, which helped to understand the set-
tling process in more detail. The measurement results were compared
with the available literature data, which are in agreement and our visual
inspections for the visible mudline settling range. Due to the automatic
mode, these long-time measurements were simple to execute, although
the time required for measurements is still significant. To address this
problem, a centrifuge-based system is being developed that would sig-
nificantly speed up the start-to-finish process. These methods will also
be published in the future.
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