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(57) Abstract

The invention relates to an apparatus (1) for ,
purification of carbon nanomaterial, the apparatus /—1
(1) comprising a chamber (3) for accepting a \
solution comprising carbon nanomaterial and a \ 9 /
surfactant, wherein the chamber (3) comprises: ﬂ
ultrasonication means (7); an inlet (5) and an outlet /
(17) for a liquid; and a magnet (13) for creating a
magnetic 5 field within the chamber (3), and
wherein the apparatus (1) further comprises a filter
(15) downstream of the ultrasonication means (7)
and the magnet (13).

The invention further relates to a method for
purifying carbon nanomaterial, the method
comprising the steps of: sonicating a solution
comprising carbon nanomaterial and a surfactant to
disperse the carbon nanomaterial; generating a
magnetic field to extract metal particles from the
solution; and filtrating the solution to separate
carbon nanomaterial from the liquid phase and any
additional small particles. /
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APPARATUS AND METHOD FOR PURIFICATION OF CARBON NANOMATERIAL

The invention relates to an apparatus and a method for purifying carbon nanomaterial.

Carbon nanomaterial (CNM), e.g. carbon nanofiber, carbon nanotubes, and graphene, is known to
have extraordinary properties, such as having high strength and low weight, and being thermally
and electrically conducting. However, their production is expensive and ineffective, and almost
always results in the desired type of CNM mixed with some undesired by-product. CNM production

is therefore always followed by a purification step if high purity is required.

Various techniques are known for purification of CNM. The two main techniques are based on
chemical methods and physical methods, or a combination of the two. However, known techniques
or combinations are time consuming and limited to laboratory scale purification. Chemical methods
have the disadvantage that the added chemical material may alter the structure of the CNM and
thus degrade the physical properties of the CNM. Physical methods are generally less effective
than chemical methods. A common and inexpensive physical method for the purification of CNM is
filtration, which has the advantage that it does not affect the structure of the CNM. However, simple
filtration may be ineffective and only separates the components of the mixture to be filtered based
on size. This may be a problem if the smaller components tend to aggregate, for example amor-
phous carbon, which may thereby be held back in the filter. In summary, known purification meth-
ods may have the disadvantages of being expensive and/or ineffective, and they may potentially
modify the CNM chemically.

Different purification apparatuses and methods are described in the documents CN 106379888 A,
US 2014/109933 A1, WO 2005/085131 A2, US 2014/183139 A1, WO 2014/079505 A1, CN
204018291 U, and WO 2018/054121 A1.

The invention has for its object to remedy or to reduce at least one of the drawbacks of the prior
art, or at least provide a useful alternative to prior art. The object is achieved through features,
which are specified in the description below and in the claims that follow. The invention is defined
by the independent patent claims. The dependent claims define advantageous embodiments of the

invention.

In a first aspect, the invention relates more particularly to an apparatus for purification of CNM, the
apparatus comprising a chamber for accepting a solution comprising carbon nanofibers and a sur-
factant, wherein the chamber comprises: ultrasonication means; and an inlet and an outlet for a
liquid; wherein the apparatus further comprises a magnet for creating a magnetic field within the

chamber for removing metal particles, and a filter downstream of the ultrasonication means and the
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magnet.

The CNM may be e.g. carbon nanofibers, carbon nanotubes, or graphene. The CNM may exist at
least partially as aggregates, so the ultrasonication means and the surfactant may cooperate for
effective and rapid dispersion of the CNM. Ultrasonication will provide vibration to the CNM such
that aggregates of the CNM may temporarily split up into individual CNM molecules. As CNM is
generally hydrophobic, the hydrophobic portion of the surfactants will adhere to the CNM, while the
hydrophilic portion will face the solution. The CNM will thus be individually and stably dispersed in
the solution. As production of CNM often leads to undesired side products such as amorphous
carbon, the ultrasonication means may also break up larger aggregates of these side products into
smaller parts. The ultrasonication means may for example comprise an ultrasonic probe within the
chamber, and the ultrasonic probe may be connected to a power supply outside of the chamber.
An ultrasonic probe may have the advantage of being able to provide the chamber with higher ef-

fect than e.g. an ultrasonic bath.

The magnetic field will cause any metallic particles, for example originating as a side product from
the CNM production, to be extracted from the solution. The production of carbon nanotubes often
requires formation of metal nucleation sites, so these metal nucleation sides may therefore be
comprised within the mixture to be purified. The magnetic field may be caused by at least one
magnet positioned on the chamber, for example a permanent magnet or an electromagnet. The
effect of the metal extraction step will be increased by having a stable dispersion of CNM, since no
metal particles will be trapped within CNM aggregates.

The filter provides the apparatus with a method for retaining the CNM after metal particles have
been extracted and larger aggregates have been broken up. The filter must be positioned such that
the solution flows through the filter. The solution, possibly including micelles, monomeric surfac-
tants, and additional components such as amorphous carbon, will be discharged through the filter,
while the CNM and CNM-surfactant complexes will be retained in said filter for further use. De-
pending of the properties of the surfactant and the filter mesh size, micelles may also be trapped by
the filter. The apparatus may further comprise a pump downstream of the filter for providing a lower
pressure and thereby sucking the solution through the filter. This may improve the efficiency of the

apparatus as the flow through the filter will increase.

The combination in a single chamber of ultrasonication, dispersion of the CNM by surfactants, and
extraction of metallic particles using a magnetic field increases the efficiency of the apparatus
compared to if the steps were performed sequentially at different locations or devices, both in term
of a decrease in the time and manpower needed for filtration and an increase in the resulting de-
gree of purity of the CNM. The increased purity of the CNM is due to the cooperation of the individ-
ual steps when perform simultaneously. Ultrasonication helps to disassemble the metallic particles
from CNM aggregates, thus causing more metallic particles to be extracted by the magnetic field

before they can reassociate with the CNM. If the solution is not subjected to a magnetic field until a
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later stage, the metallic particles may reassociate with the CNM before they are separated. This
could cause some CNM-metal complexes to get caught by the magnetic field, thereby decreasing
the CNM yield, and/or some CNM-metal complexes to remain in the filter, whereby all metal parti-
cles are not separated from the CNM. Ultrasonication also helps to disassemble any CNM aggre-
gates, whereby the surfactants may better disperse the CNM. Without ultrasonication performed in
presence of surfactants, small aggregates of a few CNM molecules could still be present as com-

plexes with the surfactant molecules, as the individual CNM molecules may have reassociated.

In a second aspect, the invention relates more particularly to a method for purifying carbon nano-
material using the apparatus according to the first aspect of the invention, the method comprising
the steps of: sonicating a solution CNM and a surfactant to disperse the CNM; and filtrating the
solution to separate CNM from the liquid phase and any additional small particles, wherein the
method additionally comprises the step of generating a magnetic field to extract metal particles
from the solution. The steps of sonicating a solution comprising CNM and a surfactant and generat-
ing a magnetic field to extract metal particles from the solution may be performed simultaneously to
obtain higher purity due to beneficial cooperation between the ultrasonication, the presence of the

surfactants, and the magnetic field.

The step of filtrating the solution to separate carbon nanomaterial may comprise sucking the solu-
tion through the filter using a pump to provide a lower pressure downstream of the filter or pressing

the solution through the filter using gas to provide a higher pressure upstream of the filter.

In the following is described an example of a preferred embodiment illustrated in the accompanying

drawing, wherein

Fig. 1 shows an apparatus according to the invention.

In the drawing, the reference numeral 1 indicates an apparatus according to the invention. Identical
reference numerals indicate identical or similar features. The drawing is presented in a simplified

and schematic manner, and the features therein are not necessarily drawn to scale.

Figure 1 shows an apparatus 1 comprising a chamber 3, for example a 300 mm x 300 mm cham-
ber, for accepting a solution comprising carbon nanomaterial and a surfactant through an inlet 5.
The chamber 3 comprises ultrasonication means 7, here shown as an ultrasonic probe 9 connect-
ed to a power supply 11, and magnets 13 on the side of the chamber 3 creating a magnetic field in
the chamber 3. The ultrasonication means 7 provide the energy to break up aggregates of carbon
nanomaterial and amorphous carbon, and the magnets 13 remove any metal remnants left from
the production process, for example metal particles which have served as nucleation sites. A filter
15 covers the outlet 17 and functions to retain carbon nanomaterial and complexes of carbon na-
nomaterial and surfactants while letting through amorphous carbon which has been broken down

during ultrasonication, and additional surfactants in monomeric and possibly micellar form. The

345003



10

solution which has passed the filter 15 may be collected in an external collecting container 19. Op-
tionally, the solution may be sucked through the filter 15, for example using a pump 21 to provide a

lower pressure in the external collecting container 19.

It should be noted that the above-mentioned embodiments illustrate rather than limit the invention,
and that those skilled in the art will be able to design many alternative embodiments without depart-
ing from the scope of the appended claims. In the claims, any reference signs placed between
parentheses shall not be construed as limiting the claim. Use of the verb "comprise" and its conju-
gations does not exclude the presence of elements or steps other than those stated in a claim. The
article "a" or "an" preceding an element does not exclude the presence of a plurality of such ele-

ments.
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Claims

An apparatus (1) for purification of carbon nanomaterial, the apparatus (1) comprising a
chamber (3) for accepting a solution comprising carbon nanomaterial and a surfactant,

wherein the chamber (3) comprises:

— ultrasonication means (7); and

— aninlet (5) and an outlet (17) for a liquid;

characterised in thatthe apparatus (1) further comprises a magnet
(13) for creating a magnetic field a within the chamber (3) for removing metal particles,

and a filter (15) downstream of the ultrasonication means (7) and the magnet (13).

The apparatus (1) according to claim 1, wherein the ultrasonication means (7) comprises

an ultrasonic probe (9) within the chamber (3).

The apparatus (1) according to claim 1 or 2, wherein the apparatus (1) further comprises
a pump (21) downstream of the filter (15) for providing a lower pressure and thereby

sucking the solution through the filter (15).

A method for purifying carbon nanomaterial using the apparatus (1) according to any of
the claims 1-3, the method comprising the steps of:

— sonicating a solution comprising carbon nanomaterial and a surfactant to disperse

the carbon nanomaterial; and

— filtrating the solution to separate carbon nanomaterial from the liquid phase and

any additional small particles,

characterised in thatthe method additionally comprises the step of

generating a magnetic field to extract metal particles from the solution.

The method according to claim 4, wherein the step of sonicating a solution comprising
carbon nanomaterial and a surfactant to disperse the carbon nanomaterial and generat-
ing a magnetic field to extract metal particles from the solution are performed simultane-

ously.

The method according to claim 4 or 5, wherein the step of filtrating the solution to sepa-
rate carbon nanomaterial comprises sucking a portion of the solution through the filter

(15) using a pump (21) to provide a lower pressure downstream of the filter (15).
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7. The method according to claim 4 or 5, wherein the step of filtrating the solution to sepa-
rate carbon nanomaterial comprises pressing of the solution through the filter (15) using

gas to provide a higher pressure upstream of the filter (15).
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Patentkrayv

Apparat (1) for rensing av karbonnanomateriale, apparatet (1) omfatter et kammer
(3) for a ta imot en Igsning omfattende karbonnanomateriale og en surfaktant, hvor
kammeret (3) omfatter:

— ultralydpafgringsmidler (7); og

— et innlgp (5) og et utlgp (17) for en vaeske;

karakterisert ved atapparatet (1) videre omfatter en magnet
(13) for dannelse av et magnetfelt a inne i kammeret (3) for fjerning av
metallpartikler, og et filter (15) nedstrgms uItraIydpéfﬂringsmidIene (7) og
magneten (13).

Apparat (1) ifglge krav 1, hvor ultralydpafgringsmidlene (7) omfatter en ultralyd-

sonde (9) inne i kammeret (3).

Apparat (1) ifglge krav 1 eller 2, hvor apparatet (1) videre omfatter en pumpe (21)
nedstrgms filteret (15) for tilveiebringelse av et lavere trykk og dermed suging av

Igsningen gjennom filteret (15).

Fremgangsmate for rensing av karbonnanomateriale ved anvendelse av apparatet
(1) ifglge et hvilket som helst av kravene 1-3, fremgangsmaten omfatter trinnene
med:

— lydp&fering pa en Igsning omfattende karbonnanomateriale og en surfaktant for &
dispergere karbonnanomaterialet; og

— filtrering av Igsningen for & separere karbonnanomaterialet fra vaeskefasen og
eventuelle ytterligere sma partikler,

karakterisert ved atfremgangsmaten itillegg omfatter trinnet

med generering av et magnetfelt for 8 ekstrahere metallpartikler fra.

Fremgangsmate ifglge krav 4, hvor trinnet med lydpafgring pa en Igsning
omfattende karbonnanomateriale og en surfaktant for 3 dispergere karbonnano-
materialet og generering av et magnetfelt for 8 ekstrahere metallpartikler fra

lgsningen utfgres samtidig.

Fremgangsmate ifglge krav 4 eller 5, hvor trinnet med filtrering av Igsningen for &
separere karbonnanomaterialet omfatter suging av en andel av Igsningen gjennom
filteret (15) ved anvendelse av en pumpe (21) for & tilveiebringe et lavere trykk
nedstrgms filteret (15).
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7. Fremgangsmate ifglge krav 4 eller 5, hvor trinnet med filtrering av Igsningen for a
separere karbonnanomaterialet omfatter pressing av Igsningen gjennom filteret
(15) ved anvendelse av gass for & tilveiebringe et hgyere trykk oppstrems filteret

(15).
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