Th| s invention rel ates to | nprovenents in the operat i on of magnetically
‘S’t"'abi'l I zed fluidized beds. More particularly, this invention relates to a
amet hod for reduci ng the tendency .of liquid fluidized magnetically
stabilized beds to undergo excessive axial dispersion. Fluidizedbeds

cont ai ni ng magneti zabl e particles which are stabilized byhoRe P3H43
Tagnetic force field have been well known in the art, and a nunber of uses
for such beds have been discl osed. U S. Patent 4,292,171 issued Septenber-
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presenRolsdtiiié 0§ d¥WESLdEEs fluidized beds wherein the magnetic -~

field is applied in a uniform manner and oriented parallel
with the direction of fluid flow; U.S. Patent 4,261,109
issued April 14, 1981 to Mikus et al. discloses a process
and apparatus for monitoring the behavior based on an
observation of the magnetic field fluctuations in the bed:;
and U.S. Patent 4,443,231, issued April 17, 1984 to Siegell
discloses the use of magnetically stabilized fluidized beds

to separate the components of a multicompbnent feed.
U.S. Patent 4,143,469 issued to Kamholz on March
| 13, 1978 and 4,272,893 (a division of 4,143,469) issued to
N Levenspiel et al. on June 16, 1987, do disclose the use of
an intermittent magnetic field in a gas fluidized magneti-
ca.lly stabilized fluidized bed, however the purpose of
removing and reapplying the field is to provide a bed where
undesirable thermal gradients are minimized. This is con-
sidered distinguished from the present invention which
deals with the problem of channeling in liquid fluidized

magnetically stabilized beds.



been discovered a process for stably fluidizing a bed containing solid
:p& ticul ate nmagneti zable, fluidizable material which is fluidized by a
{iquid stream where the inprovenent =ténprises reduci ng axi al dispersion and
channel - ing in the bed by periodically renoving and reapplying the
magnetic field whereby the wdth and | ength of channels between the solid
material in the bed is substantially reduced. In the operation of
magnetical |y st alyp iatsbrdaricé witdy tieesprésentr invientliohutheren halis t he
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Cbntact}ggug@ .neasured by axial dispersion, is reduced as a result
t her eof ; "and such excessive channeling is undesirabl e when magnetically
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and this tendency toward chaining of the particles has been
found to be directly proportional to the strength of the
applied field. The action of the liquid fluidizing strean,
which is passed through a column containing the magneti-
zable particles in order to fluidize the bed, does have a
local orientation effect upon the particle structure in the
bed. As the velocity of the ligquid flow is increased, open
channels of varying size appear between chains of parti-~
cles. The problem of channeling is peculiar to liquid
phase fluidized beds. lCOntacting, as measured by axial
~ dispersion, is reduced as a result thereof, and such
excessive channeling is undesirable when magnetically
stabilized beds are used in processes such as adsorption
because of the reduced coniacting efficiency.

In the present invention, it has been found that
intermittent interruption of the magnetic field temporarily
destabilizes the bed so that a localized random motion of
the composite particles will occur. This magnetic field
interruption for about 0.1 to 1 second is brief enough to
limit the randomization of the bed structure to localized
mixing and the bed structure does not expand which would




-3 |l ead tQ increased voi dage and channeling and substantial solids-
ba:ekm Xi ng. Wien the application of fhe magnetic field is resuned, it is
observed that the bed structure is nore uniformwth a noted decrease in
channeling. Use of the intermttent nagnetic field reduces the | ength and
wi dth of the channels between the chained particles and tends to elimnate
the relatively |arge channels. Ceneral eaking, the tine interval
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stainl'esS™s ertai counter-current bed
model neahchgles'é tm1a$erB@ersi on is nmeasured as a di nensionl ess inverse

Pecl et Number gi veRe by abagtakest St O‘Bhe P8 nrent i d¥Fe wﬁsﬁsnee\;;ated

\ & nensi onl ess Pecl,et Nunber x = Axial ,Dspersion Coefficlent
Rel at | vPYi BEPEUFANG: A ialy disperdign in a 101 cm. counter-curremt
magnetically stabilized bed column which contained 60/80 -~

mesh stainless steel pellets with water as the fluidizing
liquid. The minimum fluidization velocity for these

pellets was 0.75 cm/s.
The axial dispersion experiment involved injecting
a dye tracer pulse into the bottom of the magnetically
stabilized fluidized bed and recording the residence time
of the effluent dye tracer pulse. The mean residence time
and variance of the residence time were calculated from the
residence time distribution. The axial dispersion and
inverse Peclet number were then calculated. The axial
" " dispersion numbers expressed below were calculated from a
fixed bed model because the non-porous nature of the
stainless steel particles rendered certain terms of the
counter-current bed model meaningless.
Axial dispersion is measured as a dimensionless
inverse Peclet Number given by the expression:
pPe~l = pax/VrDp
where Pe - = Dimensionless Peclet Number
Dax = Axial Dispersion Coefficient
Vr = Relative liquid interstitial velocity
Dp = Diameter of ferromagnetic pellet.
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Dp = Dianeter of ferronmagnetic pellet. -4- Tabul ated below in Table 1
:ar & conpar ative neasurenents of -axial dispersion in the colum referred to
above whi ch conpare a steady magneti ¢ i el d operation with an inter-

mttent magnetic field operation. The [err] (Peclet Num ber) was
decreased by 2-4 tinmes in the first three conpari- sons. In the fourth
case, severe channeling occurred, but intermttent field application showed.
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Applied Field Interstitial
Steady Intermittent (Qersted) Fluid Velocity ~
(cm/s)
101 25 25 1.6
117 43 32 1.65
44 14 30 1.25
791 71 40 . 2.15

Lower Pe™! is desirable, because it indicates a
closer approach to __liquid plug flow through the bed. The
effluent dye tracer was typically changed from a 1long

_ "broad-tailed" peak to a sharper and narrower peak when the

~ magnetic field was changed from steady to intermittent.
This change indicates more efficient solid-liquid contact-
ing with 1less liquid backmixing. (Liquid backmixing is
caused by non-uniform liquid flow through channels in the
bed.) The 3-4 fold reduction in axial dispersion could
reduce the required height of an MSB adsorption bed by as
much as 3-4 fold in cases where axial dispersion effects
are larger than diffusional mass transfer effects in the
adsorption bed.

The present invention is generally applicable to
magnetically stabilized fluidized beds. The magnetically
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applied magnetic field. The bed may also be operated

stabilized beds in U.s. Patent No. 4,247,987.. The fluidity
of magnetically stabilized beg continuously decreases fronm

above, or the superficial fluid Velocity is decreased
below, the value at Up. Transverse flowirig stabilizeq
beds which are operated further away from Up exhibit
eéssentially pilus flow, i.e., éssentially a flat velocity'
profile. In contrast, transverse flowing stabilized- beds
which are operated close to Up exhibit g3 non plug flow
solids velocity profile in the vertical direction and have
increased fluidity. However, deviations from a plug flow

Or solids flow weir at the bed exit. Plug flow conditions

are preferred for the practice of the present invention.
Magnetically stabilized fluidized beds have the

appearance of expanded fixed beds with eéssentially no gross



may be reduced or substantially elimnated by proper design or solids flow
weir‘at the bed exit. Plug flow conditions are preferred for the practice
of the present invention. Magnetical |y &t=abilized fluidized beds have the
appearance of expanded fixed beds with essentially no gross sol i ds
backmi xi ng and essentially no fluid bypassing. The application of the
magnetic field allows superficial fluid flowrates of 10 or nore tines the
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cross sectional area at the minimum fluidization velocity,
and then remains relatively constant as the fluid velocity -
is increased. This stably fluidized bed condition persists

even as the solids are continuously added to and removed

from the column.

The magnetically stabilized fluidized bed (MSB)
thus described combines in' one system the principal
advantages of both fluidized bed and fixed bed reactor
systems as is ‘summarized in Table 2 below.

Table 2 _
Fluid Fixed
"~ Bed ~ MSB —Bed
Small particle size with low yes yes no
pressure drop
Absence of fluid bypassing | no yes yes
Continuous solids throughput yes yes no
Avoids solids backmixing no yes yes
Avoids entrainment from bed no yes yes

As an example of the advantage of a magnetically
stabilized bed, the use of small particle size reduced
diffusional resistance within a bed particle such that the



Av0| ds soli.ds backni xi ng no yes yes Avoi ds entrai nment
2ft 6m bed no yes yes As_an exanpl e of the advantage of a
magnet ically stabilized bed, the use~of Snal | particle size reduced
diffusional resistance within a bed particle such that the -7- particle
can be used nore effectively. At the sane time, both high pressure drop due
to the use of small particles and gross fluid bypassing are elimnated. The
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ferromagnetic particles are placed in the magnetic field,
the induced magnetization is a function of the magnetic
material, the geometry of the bed, as is described in U.S.
Patent No. 4,247,987.

_Canéntional permanent magnets, electromagnets or
both can be employed to provide the magnetic field. The
electromagnets may be energized by alternating or direct
‘current, although direct current energized magnetic fields
are preferred. When powered by direct current with the use
of solid state control or a transformer/rectifier, electro-~
e magnets are particularly desirable for applying a magnetic
field to the bed particles and provide an excellent method
of stabilizing the fluidization of the bed particles in
response to the flow of the carrier fluid.

The invention is not limited by the shape or posi-
tioning of the magnet employed to produce an externally
applied magnetic field. The magnet can be of any size,
strength or shape and can be placed above or below the bed
depending upon the solids used, the degree of stabilization
required and the like. . The magnets can be placed within or
outside the contacting vessel and may even be employed as



response to the flow of the carrier fluid. The invention is not limted by
thé shape or posi- tioning-of the nmagnet_ enpl oyed to produce an externally
applied magnetic field. The magnet carP be of any size, strength or shape
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the degree of stabilization required and the |Iike. The magnets can be
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sired. Particles haying rela- tive gnetic properties, e.g.,
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magnetic liquid convection cooling and attendant requirements for -
coolant treatment and recirculation. The magnetic field
source may be computer designed with high confidence to
yield an applied magnetic field having a specified inten-
sity and uniformity. '

The strength of the magnetic field to be applied
to the fluidized solids in the contacting zone will depend
on the magnetization of the magnetizable particles and the
degree of stabilization desired. Particles having rela-
-tively weak magnetic properties, e.g., some composites and
alloys, will require the application of a stronger magnetic

o/ field than particulate solids having strong magnetic proper-
ties, e.g., iron, to achieve similar stabilization effects.
The size and shape of the solids will alsoc have an effect
on the strength of the magnetic field to be employed. The
magnetization of the particles should not be sufficient to
cause excessive particle to particle attractive forces and
agglomeration which would tend to freeze or lock the parti-
cles in the bed and present continuous operation. However,
since the strength of the field produced by an electro-
magnet depends on the current strength of the electro-
magnet, an operator can readily adjust the field strength

a



field than particulate solids having strong nmagnetic proper- ties, e.g.,
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solids will also have an effect on.the=st®ength of the magnetic field to be
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magnet i zablgadodllmnwl | | Inerchenl dperatipni of such beds, the magnetiz-
able solids are typically admixed with adsorbents such as ~
activated aluminas, silicas, silica gels, zeolites, ion-
exchange media and resins, since a principal use of the
magnetically stabilized beds is in adsorbent separation of
components of a liquid mixture. Typically such mixtures
will contain about 10 to 75 weight % magnetizable compo-
nent. The magnetizable solids will generally range in
particle size from about 0.001 mm. to about 50 mm., prefer-
ably from about 0.05 mm. to about 1.0 mm.

The present invention is particularly applicable

to a magnetically stabilized bed wherein the flow of solids

~ is countercurrent to an upwardly flowing liquid fluidizing
stream, the column having means at the bottom for introduc-
tion of the fluidizing liquid and removal of circulating
solids and means at the top, or at the top and at the mid-
point of the column, for removal of liquid and introduction
of solids. The invention is also generally applicable to a
bed where the flow of solid and liquids are counter-current
to each other, i.e., the solids may flow upwardly,
downwardly or tranversely and the liquid flow is
counter-current to the direction of the solids flow.
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\— 2. The process of claim 1 wherein the magnetic

field is removed for a period of about 0.1 to 1 second.

3. The process of claim 1 wherein the liquid and
solids flow counter-currently. '

4. The process of claim 3 wherein the liquid
stream flows upwardly.



