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(67) Disclosed is a whole-process continuous
gas-assisted magnetic separation system, comprising an
adsorption tank (1), an extraction column (2) connected
to the adsorption tank (1), and a desorption column (3)
connected to the extraction column (2). The extraction
column (2) and the desorption column (3) each compris-
es a hollow gas floatation column (7). A magnetic roller
(8) is provided on the top of each gas floatation column
(7), a scraper (9) is provided on one side of the magnetic
roller (8), and a gas inletis provided at the bottom of each
gas floatation column (7). Each of the gas floatation col-
umns (7) of the extraction column (2) and the desorption
column (3) is connected to a rinsing device, a rinsing
opening of which is arranged opposite the scraper (9).
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Description
Technical field

[0001] The present disclosure relates to the technical
field of magnetic separation processing equipment, in
particular to a whole process continuous gas-assisted
magnetic separation system.

Background

[0002] The magnetic carrier separation technology is
a novel separation technology that includes the steps of
adsorbing target components by affinity ligands, hydro-
phobic groups, ion exchange groups and the like coupled
to the surface of magnetic carriers, separating out the
magnetic carriers loaded with the targets by use of a suit-
able magnetic separation device, and washing and elut-
ing the magnetic carriers to directly and quickly separate
the targets. Magnetic carrier separation technology has
been developed since the 1970s and has achieved great
development. Since this technology has the advantages
of quick and simple separation, high selectivity, rapid
separation and capability of being used directly to the
separation of complex systems, etc., it has been pro-
posed and widely studied for application to the fields such
as immunoassay, cell labeling and separation, nucleic
acid isolation, protein purification, wastewater treatment,
natural product separation, and the like.

[0003] However, when the technology is used in the
separation field, it is a huge challenge to appropriately
increase the processing scale due to the separation ob-
ject is a dilute solution or even a very dilute solution for
most of the time. The existing magnetic separation de-
vices either have too small processing scale to meet the
requirements, or have insufficient space magnetic field
intensity and gradient within the devices after enlarge-
ment, resulting in weak magnetic particles and ultrafine
magnetic particles flowing in the space, especially the
nanometer magnetic particles, which cannot be quickly
and efficiently captured due to the too weak magnetic
force. How to effectively process a large amount of dilute
solution containing magnetic particles is a prominent
problem in the application of the magnetic carrier sepa-
ration technology.

Summary

[0004] Theobjectofthe presentdisclosureisto provide
a whole process continuous gas-assisted magnetic sep-
aration system to solve the problem that weak magnetic
particles and ultrafine magnetic particles, especially na-
nometer magnetic particles, within the space cannot be
quickly and efficiently captured due to the insufficient
magnetic field intensity and gradient after the enlarge-
ment of the device in the related technics.

[0005] To achieve this object, the present disclosure
adopts the following technical solutions:
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A whole process continuous gas-assisted magnetic
separation system comprises an adsorption tank,
the adsorption tank is connected with an extraction
column, and the extraction columnis connected with
a desorber;

a feed liquid inlet and a magnetic particle inlet are
arranged at the top of the adsorption tank, a mixed
liquid outlet is arranged at the bottom of the adsorp-
tion tank, and a stirring device is arranged inside the
adsorption tank ;

the extraction column comprises a hollow air flotation
column, a mixed liquid inlet and a raffinate outlet are
arranged on the air flotation column, the mixed liquid
inlet is connected with the mixed liquid outlet, and a
magnetic roller is arranged at the top of the airflota-
tion column, a scraper is arranged on one side of the
magnetic roller, a mixture storage tank is arranged
at the end of the scraper, and a gas inlet is arranged
at the bottom of the air flotation column;

the desorber comprises a hollow air flotation column,
a magnetic particle inlet and a product outlet are ar-
ranged on the air flotation column, and the magnetic
particle inlet is connected with the mixture storage
tank, a magnetic roller is arranged at the top of the
air flotation column, a scraper is arranged on one
side of the magnetic roller, a magnetic particle stor-
age tank is arranged at the end of the scraper, the
magnetic particle storage tank is connected with the
adsorption tank, and a gas inlet is arranged at the
bottom of the air flotation column;

the air flotation columns of the extraction column and
the desorber are connected with a washing device,
and the washing port of the washing device is ar-
ranged opposite to the scraper.

[0006] Further, the whole process continuous gas-as-
sisted magnetic separation system comprises a plurality
of extraction columns, and the plurality of extraction col-
umns are connected in series through mixed liquid inlets
and raffinate outlets;

wherein, the mixed liquid inlet of the extraction column
at the head end is connected with the mixed liquid outlet,
and the raffinate outlet of the extraction column at the tail
end is connected with the raffinate storage tank.

[0007] Further, the whole process continuous gas-as-
sisted magnetic separation system comprises a plurality
of extraction columns, and the mixed liquid inlet of each
extraction column is connected with the mixed liquid out-
let, and the raffinate outlet of each extraction column is
connected with the raffinate storage tank.

[0008] Further, the whole process continuous gas-as-
sisted magnetic separation system comprises a plurality
of desorbers, and the a plurality of desorbers are con-
nected in series through magnetic particle inlets and
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product outlets;

wherein, the magnetic particle inlet of the desorber at the
head end is connected with the mixture storage tank, and
the product outlet of the desorber at the tail end is con-
nected with the product storage tank.

[0009] Further, the whole process continuous gas-as-
sisted magnetic separation system comprises a plurality
of desorbers, and the magnetic particle inlet of each de-
sorbers is connected with the mixture storage tank, and
the product outlet of each desorbers is connected with
the product storage tank.

[0010] Further, the feed liquid inlet, the magnetic par-
ticle inlet and the stirring device are arranged on the tank
cover of the adsorption tank, and the tank cover of the
adsorption tank is connected with a lifting assembly.
[0011] Further, peristaltic pumps are arranged be-
tween the adsorption tank and the extraction column, be-
tween the extraction column and the desorber and be-
tween the washing device and the scraper.

[0012] Further, the whole process continuous gas-as-
sisted magnetic separation system comprises a control
device which includes a controller, the controller is con-
nected with the stirring device, the magnetic roller, the
lifting assembly and the peristaltic pump, and the con-
troller is provided with a control button.

[0013] Further, the whole process continuous gas-as-
sisted magnetic separation system comprises a gas sup-
ply line which is connected with the gas inlets of the ex-
traction column and the desorber, respectively, and gas
flowmeters are arranged at the gas inlets of the extraction
column and the desorber.

[0014] Further, the magnetic roller comprises a mag-
netic arc region, and the arc of the magnetic arc region
is 240°.

[0015] According to the present disclosure, a whole
process continuous gas-assisted magnetic separation
system is provided, when in use, extraction is performed
in a adsorption tank to complete the adsorption of targets
with magnetic particles, afterwards, they enter an extrac-
tion column where the magnetic particles are captured
by rising bubbles and enriched to the liquid level to form
a magnetic particle solution enrichment region where the
magnetic particles are separated from the raffinate by a
magnetic roller, then the magnetic particles enter a des-
orber that is provided with a desorption liquid for sepa-
rating the targets from the magnetic particles. Similarly,
the magnetic particles are captured by rising bubbles and
enriched to the liquid level to form a magnetic particle
solution enrichment region where the magnetic particles
are separated from the desorption liquid by a magnetic
roller, afterwards, the magnetic particles are continuous-
ly sent to the adsorption tank for recycling.

[0016] The whole process continuous gas-assisted
magnetic separation system combines an air flotation
separation technology with a magnetic carrier separation
technology, and still has a higher magnetic separation
effect after an increase in the scale of the device; mean-
while, since the adsorption tank, the extraction column
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and the desorber arranged in series are used for contin-
uous magnetic separation of the adsorption, washing and
desorption processes of the targets, respectively, and in
combination with a continuous implementation of these
three processes themselves, a whole process continu-
ous separation of the target isolates can be achieved
ultimately. At the same time, the system can not only
achieve a whole process continuity of the target isolates,
but also enable a whole process continuity and a direct
recycling utilizability of the magnetic particle carriers.

Brief Description of the Drawings
[0017]

Figure 1is a schematic flow diagram of a whole proc-
ess continuous gas-assisted magnetic separation
system provided by the present disclosure;

Figure 2 is a main view at the magnetic roller of a
whole process continuous gas-assisted magnetic
separation system provided by the present disclo-
sure.
[0018] In the Figures:
1. adsorption tank; 2. extraction column; 3. desorber;
4.feedliquidinlet; 5. magnetic particle inlet; 6. stirring
device; 7. air flotation column; 8. magnetic roller; 9.
scraper; 10. mixture storage tank; 11. magnetic par-
ticle storage tank; 12. raffinate storage tank; 13.
product storage tank; 14. peristaltic pump; 15. gas
flowmeter; 16. magnetic arc region; 17. washing lig-
uor storage tank.

Detailed Description

[0019] The technical solution of the present disclosure
will be further described below by way of specific embod-
iments in combination with accompanying drawings.
[0020] As shown in Figure 1 and Figure 2, a whole
process continuous gas-assisted magnetic separation
system is provided by this example, the system compris-
es an adsorption tank 1, the adsorption tank 1 is con-
nected with an extraction column 2, and the extraction
column 2 is connected with a desorber 3;

a feed liquid inlet 4 and a magnetic particle inlet 5 are
arranged at the top of the adsorption tank 1, a mixed
liquid outlet is arranged at the bottom of the adsorption
tank 1, and a stirring device 6 is arranged inside the ad-
sorption tank 1;

the extraction column 2 comprises a hollow airflotation
column 7, a mixed liquid inlet and a raffinate outlet are
arranged on the air flotation column 7, the mixed liquid
inletis connected with the mixed liquid outlet, and a mag-
netic roller 8 is arranged at the top of the air flotation
column 7, a scraper 9 is arranged on one side of the
magnetic roller 8, a mixture storage tank 10 is arranged



5 EP 3 424 600 A1 6

at the end of the scraper 9, and a gas inlet is arranged
at the bottom of the air flotation column 7;

the desorber 3 comprises a hollow air flotation column
7, a magnetic particle inlet and a product outlet are ar-
ranged on the air flotation column 7, and the magnetic
particle inlet is connected with the mixture storage tank
10, a magnetic roller 8 is arranged at the top of the air
flotation column 7, a scraper 9 is arranged on one side
of the magnetic roller 8, a magnetic particle storage tank
11 is arranged at the end of the scraper 9, the magnetic
particle storage tank 11 is connected with the adsorption
tank, and a gas inlet is arranged at the bottom of the air
flotation column 7;

the air flotation columns 7 of the extraction column 2 and
the desorber 3 are connected with a washing device, and
the washing port of the washing device is arranged op-
posite to the scraper 9.

[0021] The adsorptiontank 1inthe system has alarger
capacity, that is, it can be used to prepare a sufficient
amount of adsorbed raw material liquid at one time for
subsequent continuous use, and also provides high-ca-
pacity storage to easily realize the closed-loop circula-
tion. A glass-made manhole and liquid level observation
hole are arranged on the adsorption tank 1 so as to ob-
serve the materials and the liquid level in the adsorption
tank 1.

[0022] Thewashingdevice comprises a washing liquor
storage tank 17 which is connected with the washing port,
wherein the extraction column 2 and the desorber 3 use
the same washing liquor storage tank 17, or the extraction
column 2 and the desorber 3 are separately provided
with a washing liquor storage tank 17.

[0023] In the whole process continuous gas-assisted
magnetic separation system, a plurality of extraction col-
umns 2 and a plurality of desorbers 3 can be employed
respectively, specifically a plurality of extraction columns
2 are included, and the plurality of extraction columns 2
are connected in series through mixed liquid inlets and
raffinate outlets;

wherein, the mixed liquid inlet of the extraction column 2
at the head end is connected with the mixed liquid outlet,
and the raffinate outlet of the extraction column 2 at the
tail end is connected with the raffinate storage tank 12.
[0024] Alternatively, the whole process continuous
gas-assisted magnetic separation system comprises a
plurality of extraction columns 2, the mixed liquid inlet of
each extraction column 2 is connected with the mixed
liquid outlet, and the raffinate outlet of each extraction
column 2 is connected with the raffinate storage tank 12.
[0025] The above two forms are the plurality of extrac-
tion columns 2 being connected in series and in parallel,
respectively, wherein, when the extraction columns 2 are
connected in series, they can be used for multi-stage
magnetic separation, so that the magnetic particles in
the raffinate can be separated more sufficiently; while
when they are connected in parallel, a plurality of extrac-
tion columns 2 can be used at the same time, resulting
in higher magnetic separation efficiency.
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[0026] Similarly, the desorbers 3 can also be connect-
ed in series or in parallel, that is, a plurality of desorbers
3 can be included, and the plurality of desorbers 3 are
connected in series through magnetic particle inlets and
product outlets;

wherein, the magnetic particle inlet of the desorber 3 at
the head end is connected with the mixture storage tank
10, and the product outlet of the desorber 3 at the tail
end is connected with the product storage tank 13.
[0027] Alternatively, the whole process continuous
gas-assisted magnetic separation system comprises a
plurality of desorbers 3, the magnetic particle inlet of each
desorber 3 is connected with the mixture storage tank
10, and the product outlet of each desorber 3 is connect-
ed with the product storage tank 13.

[0028] The desorbers 3 connected in series are more
sufficient for the recovery of the magnetic particles and
reduce the circulation loss of the magnetic particles; while
the desorbers 3 connected in parallel can improve the
recovery efficiency of the magnetic particles.

[0029] Thefeed liquidinlet4,the magnetic particle inlet
5 and the stirring device 6 are arranged on the tank cover
of the adsorption tank 1, and the tank cover of the ad-
sorption tank 1 is connected with a lifting assembly.
[0030] The adsorption tank 1 can be lifted and lowered
by arranging a lifting assembly, which facilitates the main-
tenance and overhaul of the interior of the device in the
later period, wherein, the lifting assembly is a telescopic
cylinder, a hydraulic cylinder, and an electric hoist, etc.
[0031] Preferably, peristaltic pumps 14 are arranged
between the adsorption tank 1 and the extraction column
2, between the extraction column 2 and the desorber 3
and between the washing device and the scraper 9,
wherein, the flow rate of the peristaltic pump 14 is ad-
justed in a range of 3 to 6800 mL/min.

[0032] This example further comprises a control device
which includes a controller, the controller is connected
with the stirring device 6, the magnetic roller 8, the lifting
assembly and the peristaltic pump 14, and the controller
is provided with a control button. The control device is
arranged in the lower part of the system, which is easy
to operate. The control device is provided with corre-
sponding control buttons, which facilitates the unified ma-
nipulation of the operator.

[0033] This example further comprises a gas supply
line which is connected with the gas inlets of the extrac-
tion column 2 and the desorber 3, respectively, and gas
flowmeters 15 are arranged at the gas inlets of the ex-
traction column 2 and the desorber 3.

[0034] The extraction column 2 and the desorber 3 per-
form a unified gas supply operation through the gas sup-
ply line, wherein a corresponding gas flowmeter 15 is
arranged at the gas inlet, and the measurement range
of the gas flowmeter 15 is set at 6 to 60 L/h.

[0035] The magneticroller 8 comprises a magnetic arc
region 16, and the arc of the magnetic arc region 16 is
240°. The surface of the magnetic arc region 16 of the
magnetic roller 8 is made to have a relatively uniform
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capturing force on the magnetic particles. In the design
of the magnetic circuit system, a certain amount of small-
size rubidium ferroboron rare earth permanent magnets
are arranged in an annular shape at a certain distance
along the surface of a sleeve, so that a uniform magnetic
field intensity on the surface of the sleeve can be gener-
ated.

[0036] The mixture storage tank 10, the magnetic par-
ticle storage tank 11, the raffinate storage tank 12, the
product storage tank 13, and the washing liquor storage
tank 17 used in the whole process continuous gas-as-
sisted magnetic separation system are all made of stain-
less steel, the shape of which is generally set to be a
cuboid shape. At the same time, multiple spare storage
tanks can be provided to configure and store the washing
clear liquid and the desorption liquid.

[0037] Specifically, when in use, the magnetic carriers
(i.e., magnetic particles) and the solution containing the
target isolates are mixed in the adsorption tank 1 and
fully stirred by the stirring device 6 to accelerate the ex-
traction process of the targets by the magnetic particles
and promote the full suspension of the magnetic parti-
cles, then the mixture is pumped into the extraction col-
umn 2 (taking two extraction columns 2 as an example,
only one of them can be used, or they can be used si-
multaneously or alternately or in series), and the mag-
netic particles are fully captured by the magnetic roller 8
with the aid of the air flotation column 7. The magnetic
particles on the magnetic roller 8 are washed off by the
washing liquor pumped from the washing liquor storage
tank 17 and collected into the mixture storage tank 10,
and the raffinate is collected into the raffinate storage
tank 12, the suspension inside the mixture storage tank
10 is pumped into the desorber 3, and desorption liquid
is contained in the desorber 3, the targets desorb from
the magnetic particles and enter the product storage tank
13, the desorbed magnetic particles are captured by the
magnetic roller 8 and washed off by the washing liquor,
and then enter the magnetic particle storage tank 11, the
magnetic particles can be returned to the adsorption tank
for recycling, and form a continuous closed-loop circula-
tion.

[0038] The technical principle of the present disclosure
has been described above in combination with the spe-
cific examples. These descriptions are merely illustrative
of the principles of the present disclosure and are not to
be construed in any way as limiting the protection scope
ofthe present disclosure. Based on the explanation here-
in, those skilled in the art will be able to think of other
specific embodiments of the present disclosure without
giving any creative labor, which will fall within the protec-
tion scope of the present disclosure.

Claims

1. A whole process continuous gas-assisted magnetic
separation system, wherein it comprises an adsorp-
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tion tank (1), the adsorption tank (1) is connected
with an extraction column (2), and the extraction col-
umn (2) is connected with a desorber (3);

afeed liquid inlet (4) and a magnetic particle inlet (5)
are arranged at the top of the adsorption tank (1), a
mixed liquid outlet is arranged at the bottom of the
adsorption tank (1), and a stirring device (6) is ar-
ranged inside the adsorption tank (1);

the extraction column (2) comprises a hollow air flo-
tation column (7), a mixed liquid inlet and a raffinate
outlet are arranged on the air flotation column (7),
the mixed liquid inlet is connected with the mixed
liquid outlet, and a magnetic roller (8) is arranged at
the top of the air flotation column (7), a scraper (9)
is arranged on one side of the magnetic roller (8), a
mixture storage tank (10) is arranged at the end of
the scraper (9), and a gas inlet is arranged at the
bottom of the air flotation column (7);

the desorber (3) comprises a hollow air flotation col-
umn (7), amagnetic particle inletand a product outlet
are arranged on the air flotation column (7), and the
magnetic particle inlet is connected with the mixture
storage tank (10), a magnetic roller (8) is arranged
at the top of the air flotation column (7), a scraper
(9) is arranged on one side of the magnetic roller (8),
a magnetic particle storage tank (11) is arranged at
the end of the scraper (9), the magnetic particle stor-
age tank (11) is connected with the adsorption tank,
and a gas inlet is arranged at the bottom of the air
flotation column (7);

the air flotation columns (7) of the extraction column
(2) and the desorber (3) are connected with a wash-
ing device, and the washing port of the washing de-
vice is arranged opposite to the scraper (9).

The whole process continuous gas-assisted mag-
netic separation system according to claim 1, where-
in it comprises a plurality of extraction columns (2),
and the plurality of the extraction columns (2) are
connected in series through mixed liquid inlets and
raffinate outlets;

wherein, the mixed liquid inlet of the extraction col-
umn (2) at the head end is connected with the mixed
liquid outlet, and the raffinate outlet of the extraction
column (2) at the tail end is connected with the raffi-
nate storage tank (12).

The whole process continuous gas-assisted mag-
netic separation system according to claim 1, where-
in it comprises a plurality of extraction columns (2),
and the mixed liquid inlet of each extraction column
(2) is connected with the mixed liquid outlet, and the
raffinate outlet of each extraction column (2) is con-
nected with the raffinate storage tank (12).

The whole process continuous gas-assisted mag-
netic separation system according to claim 1, where-
in it comprises a plurality of desorbers (3), and the
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plurality of the desorbers (3) are connected in series
through magnetic particle inlets and product outlets;
wherein, the magnetic particle inlet of the desorber
(3) at the head end is connected with the mixture
storage tank (10), and the product outlet of the des-
orber (3) at the tail end is connected with the product
storage tank (13).

The whole process continuous gas-assisted mag-
netic separation system according to claim 1, where-
in it comprises a plurality of desorbers (3), and the
magnetic particle inlet of each desorber (3) is con-
nected with the mixture storage tank (10), and the
product outlet of each desorber (3) is connected with
the product storage tank (13).

The whole process continuous gas-assisted mag-
netic separation system according to claim 1, where-
in the feed liquid inlet (4), the magnetic particle inlet
(5) and the stirring device (6) are arranged on the
tank cover of the adsorption tank (1), and the tank
cover of the adsorption tank (1) is connected with a
lifting assembly.

The whole process continuous gas-assisted mag-
netic separation system according to claim 6, where-
in peristaltic pumps (14) are arranged between the
adsorption tank (1) and the extraction column (2),
between the extraction column (2) and the desorber
(3) and between the washing device and the scraper

).

The whole process continuous gas-assisted mag-
netic separation system according to claim 7, where-
initfurther comprises a controldevice whichincludes
a controller, the controller is connected with the stir-
ring device (6), the magnetic roller (8), the lifting as-
sembly and the peristaltic pump (14), and the con-
troller is provided with a control button.

The whole process continuous gas-assisted mag-
netic separation system according to claim 1, where-
in it further comprises a gas supply line which is con-
nected with the gas inlets of the extraction column
(2) and the desorber (3), respectively, and gas flow-
meters (15) are arranged at the gas inlets of the ex-
traction column (2) and the desorber (3).

The whole process continuous gas-assisted mag-
netic separation system according to claim 1, where-
in the magnetic roller (8) comprises a magnetic arc
region (16), and the arc of the magnetic arc region
(16) is 240°.
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