- 1 - Preparation of dispersions containing carbon nanotubes The
present invention relates to a process for the preparation of stable
suspensi ons and di spersions of carbon nanotubes in high concentration
and with | ow viscosity. Suspensions and di spersions are together
referred to hereinbel ow by the term "di spersion” or "dispersions".
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WO A 2009/ 100865 di scl oses a process for the preparation of

conducti ve aqueous fornmul ati ons contai ni ng carbon nanotubes and at

| east one polyneric dispersing aid, conprising at | east the steps: a)
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In contrast to the known carbon nanotubes of the scroll type already
menti oned, which have only one continuous or broken graphene | ayer,
there al so exi st carbon nanotube structures which consist of a
plurality of graphene |ayers, which are conbined to forma stack and
are inrolled-up form The termnultiscroll type is used here. Such
carbon nanotubes are described in DE-10- 2007 044031 Al, the entirety
of which is incorporated herein by reference. This structure behaves
relative to the carbon nanotubes of the sinple scroll type like the
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- 8- 1In a preferred variant, the CNT-containing mxture (containing
di spersing agent, dispersing aid and CNTs) is fed to the punp of the
hi gh- pressure honogeni ser by neans of a feed punp in order to
overconme the pressure loss as it flows into the punp of the

hi gh- pressure honogeniser. In a preferred enbodi nent, the feed punp
is operated with a higher throughput 44an the punp of the

hi gh- pressure honogeniser. In this case, the CNT-containing m xture

is preferably fed separately to the storage container again. A
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- 10 - be effected, for exanple, by adding CNTs in dry formto the
recei ver container over a period of typically several m nutes
("further netering). However, it is also possible, for exanple, for a
hi ghly concentrated m xture of CNTs and liquid to be added to the
storage container. A stirred receiver container is thereby preferred
in order to wet the CNTs with the prevd-ously prepared dispersion and
mx themtherewith. In a preferred variant, this initial dispersion
is prepared in | oop node. Further netering of the CNTs particularly
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The at least one polymeric dispersing aid is preferably at least one agent selected from the group:
polyvinylpyrrolidone, block copolyethers and block copolyethers with polystyrene blocks,
carboxymethylcellulose, carboxypropylcellulose, carboxymethylpropylcellulose, gelatin, gelatin
derivatives and polysulfonic acids. Preferred dispersing aids are polyvinylpyrrolidone, carboxymethyl-

cellulose, as well as salts of polysulfonic acids and ligninsulfonic acid.

In an embodiment, polyvinylpyrrolidone and/or block copolyethers with polystyrene blocks are used as
polymeric dispersing aids. Polyvinylpyrrolidone that is particularly suitable has a molar mass M, in the
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range from 5000 to 400,000. There are suitable, for example, PVP K15 from Fluka (molar mass about
10,000 amu) or PVP K90 from Fluka (molar mass of about 360,000 amm) or block copolyethers with
polystyrene blocks, with 62 wt.% C, polyether, 23 wt.% C; polyether and 15 wt.% polystyrene, based on
the dried dispersing aid, with a ratic of the C, polyether to C; polyether block lengths of 7:2 units (e.g.
Disperbyk 190 from BYK-Chemie, Wesel).

The amount of dispersing aid required is dependent on the type of dispersing aid and the amount of CNTs
used. A ratio of dispersing aid to CNTs of from 0.5:1 to 1:1 is preferred. In preferred embodiments, the
dispersing aid is present in a concentration of from 2 to 10 wt.%. In other particular embodiments of the
dispersions according to the invention, the dispersing aid is advantageously present in an amount of from
0.01 wt.% to 10 wt.%, preferably in an amount of from 0.1 wt.% to 7 wt.%, particularly preferably in an
amount of from 0.5 wt.% to 5 wt.%, based on the total weight of the final dispersion.

The polymeric dispersing aids which are conventionally used and which are preferred are particularly
advantagecus in the indicated amounts because, as well as assisting with suitable dispersion of the carbon
nanctubes, they also allow the viscosity of the dispersions according to the invention to be adjusted. The
use of polymeric dispersing aids also allows adjustment of the surface tension and film formation and

adhesion, which is useful, for example, when using the dispersions as inks.

The optional pre-dispersion in step 2 can be carried out by various, known methods. Examples are
ultrasound, ball mills, a rotor-stator system or a homogeniser. A rotor-stator system or a homogeniser is

preferred, and a high-pressure homogeniser is mast particularly preferred.

The preparation of the initial dispersion in step 3 and the preparation of the final dispersion in step 4 are

carried out in a high-pressure homogeniser.

Particularly suitable high-pressure homogenisers are known in principle, for example, from the
publication Chemie Ingenieur Technik, Volume 77, Issue 3 (p. 258-262). Most particularly preferred
high-pressure homogenisers are jet dispersers, narrow-gap homogenisers and high-pressure homogenisers

of the Microfluidizer® type.

A high-pressure homogeniser comprises a pump and one or more nozzles. Particularly suitable high-
pressure homogenisers are known in principle, for example, from the publication Chemie Ingenieur
Technik, Volume 77, Issue 3 (p. 258-262).

The pump of a high-pressure homogeniser can be in the form of, for example, a piston pump, a gear pump

or a hose pump. Piston pumps are preferred.
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In a preferred variant, the CNT-containing mixture {containing dispersing agent, dispersing aid and
CNTs) is fed to the pump of the high-pressure homogeniser by means of a feed pump in order to
overcome the pressure loss as it flows into the pump of the high-pressure homogeniser. In a preferred
embodiment, the feed pump is operated with a higher throughput than the pump of the high-pressure
homogeniser. In this case, the CNT-containing mixture is preferably fed separately to the storage
container again. A pressure retention valve is preferably used upstream of the return into the storage

container in order to set the primary pressure upstream of the pump of the high-pressure homogeniser.

There are various options, known to the person skilled in the art, for the nozzles of a high-pressure
homogeniser. Examples are aperture plates, jet dispersers (a special form of aperture plates in which the
jets produced by the aperture plates come into contact with one another), special nozzle geometries such
as, for example, the Microfluidizer™, and spring-loaded nozzle systems such as, for example, annular gap
nozzles. Jet dispersers and annular gap nozzles are preferably used. A common feature of all the methods

is the comminution effect as a result of the highly turbulent flow and, in addition, optionally cavitation.

The pressures which are used in the high-pressure homogenisers are generally from 50 to 4000 bar,

preferably from 100 to 2000 bar and most particularly preferably from 200 to 1500 bar.

If an aperture plate system is used for the dispersion, the diameter of the nozzles can be varied according
to the invention by exchanging the nozzles. At the beginning, nozzles having a diameter greater than the
diameter of the largest CNT agglomerates are preferably used in order to prevent a blockage. As the
degree of dispersion increases, the nozzle diameter is reduced in order to achieve higher pressure losses
and hence higher energy inputs. A rough formula for the relationship between nozzle diameter, pressure

loss and throughput is, as is known to the person skilled in the art,
1
Ap=¢ 5 PH

where Apis the pressure loss in pascals, £ is a factor which depends on the geometry of the nozzle and is
typically from 0.7 to 1, o is the density in kilograms per cubic metre, u is the mean speed of the fluid,
wherein

4
U=

Ap
where ¥ is the volume flow and Ap is the cross-sectional area of the nozzle. For nozzles having a

circular cross-section
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T2
AD = ZD
where D is the nozzle diameter. The preferred nozzle diameter at the start of the dispersion using hole-

type nozzles is from 1.5 mm to 0.6 mm, and the preferred pressure loss is from 20 to 100 bar.

A spring-loaded annular gap nozzle can also be used according to the invention. Such a spring-loaded
annular gap nozzle, also referred to as a radial nozzle or flat nozzle, is known from the literature, for
example, for the emulsification or homogenisation of milk. It consists substantially of a central inlet which
leads to a spring-loaded plate fitted into a seat. The pressure of the liquid in the inlet lifts the plate and
allows the liquid to flow radially outwards through the nozzle. The pressure loss in the nozzle can be set
by the spring bias. Particles which are clamped between the plate and the seat block the flow and
consequently lead to opening of the seat. This has the advantage that a spring-loaded annular gap nozzle
has a markedly reduced tendency to becoming blocked. Therefore, it does not have to be replaced, and the

step of pre-dispersion can be omitted.

Downstream of the nozzle of the high-pressure homogeniser, the CNT-containing mixture is preferably

fed to a storage container. The storage container may or may not be stirred; preferably it is stirred.

In preferred forms of steps 2., 3. and 4., the CNT-containing mixture is removed from the storage
container again and fed to the high-pressure homogeniser once more, which feeds it to the storage
container again (loop mode). This preferred form has the advantage of being simple, but it can have the

result that some CNTs pass more frequently and other CNTs less frequently through the nozzle.

In a further preferred form, the CNT-containing mixture is guided in a cascade of two or more storage
containers, it being fed in each case from one storage container to the next. This can take place
continuously or discontinuously. This is also carried out in loop mode, that is to say the CNT-containing

mixture passes through the nozzle several times, but with a narrower residence time distribution.

In a further preferred form, the product is transferred alternately into two receiver containers (from
receiver container A via the nozzle to receiver container B and then from receiver container B again via
the nozzle to receiver container A), whereby as narrow a residence time distribution as possible is

achieved.

The initial dispersion typically contains concentrations of CNTs of from 0 to 7 wt.%, preferably from 1 to
6 wt.% and particularly preferably from 3 to 5.5 wt.%.

During step 3, in order to prepare the initial dispersion, further CNTs are added continuously or

discontinuously to the mixture by increasing the concentration of CNTs in the storage container. This can
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be effected, for example, by adding CNTs in dry form to the receiver container over a period of typically
several minutes ("further metering"). However, it is also possible, for example, for a highly concentrated
mixture of CNTs and liquid to be added to the storage container. A stirred receiver container is thereby

preferred in order to wet the CNTs with the previously prepared dispersion and mix them therewith.

In a preferred variant, this initial dispersion is prepared in loop mode. Further metering of the CNTs
particularly preferably takes place only when the effect of the decrease in viscosity has occurred.
Surprisingly, it has been found that, in the high-pressure homogeniser, the viscosity of a CNT-containing
dispersion initially increases as the dispersing time progresses and then decreases markedly once a
maximum has been passed. This effect of the decrease in viscosity is not proportional to the
deagglomeration of the CNTs and can readily be determined by checking the viscosity of the CNT-

containing dispersion at brief intervals, for example as described in the implementation examples.

The amount of CNTs added is typically from 0.1 wt.% to 5 wt.%, preferably from 0.5 to 3 wt.% and
particularly preferably from 1 to 2.5 wt.%. During the addition, the dispersion can be stopped or can

continue.

Following the further metering, a further dispersion takes place {step 4). This further dispersion is
preferably likewise carried out in the high-pressure homogeniser. The end point of the dispersion is
preferably determined by a further viscosity maximum being reached and exceeded in the CNT dispersion.
In loop mode, typically from 1/4 to 50 passes are made during the further metering, preferably from 1/2 to
30 and particularly preferably from 1 to 16 passes.

The operation of further metering with subsequent dispersion can be carried out according to the invention

once or several times; from one to 15 times is preferred.

In a further preferred variant, an initial dispersion is prepared as described above, wherein the effect of the
decrease in viscosity particularly preferably occurs. The CNTs are then added continuously to a receiver
container, which is preferably stirred, while the dispersion continues. The throughput of CNTs is based on
the time which a circuit in the high-pressure homogeniser requires, as well as on the total mass of the
dispersion, and is typically from 0.03 to 2 wt.% per circuit, preferably from 0.05 to 1.5 wt.% per circuit
and particularly preferably from 0.1 to 1 wt.% per circuit.

The addition of further CNTs to the dispersion is carried cut until the desired final concentration is
reached. Typically, concentrations of CNTs which contain up to 20 wt.%, preferably from 1 to 18 wt.%,
particularly preferably from 5 to 16 wt.% and from 5.5 to 15 wt.% and from 6 to 15 wt.% CNTSs can be

established. In further preferred embodiments, the dispersion contains from 7 to 15 wt.% and particularly
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di anet 8y means Itg%ggquglacggrdmg to the invention it is possible to prepare fine dispersions of CNTs,

wherein concentrations of 8§ wt.% and more can themselves be prepared with high throughputs. This was
due especially to the surprising observation that the viscosity of a mixture of CNTs f{irst increases and then
decreases again as the dispersion continues. The addition of the further CNTs is therefore preferably

carried out when the viscosity decreases again.

The process according to the invention has the advantage that it can be scaled up. The effective throughput
is, for example, > 2 litres’hour and can be increased further, for example to = 10 litres/hour and

> 50 litres/hour.

The dispersions prepared according to the invention preferably have a relatively low viscosity — in
comparison with other preparation processes — while at the same time having good conductivity. The
dispersions according to the invention are stable for > 1 month, preferably > 3 months, which is shown by
a small change in the conductivity value during storage of the dispersion over that period. The dispersions
have small mean particle diameters. This value can be determined, for example, by means of laser
diffraction spectrometry (an example of a device is the Mastersizer MS 2000 with Hydro S dispersion unit
from Malvern). Compared with other dispersing processes, in particular milling, the CNTs are subjected to
less stress, which is shown by less shortening of the CNTs. The good dispersing quality also manifests

itself in the good conductivities of the dispersions and of the coatings and materials produced therefrom.

Such dispersions of carbon nanotubes can be used commercially in many different ways. One example is
the use as conductive lacquers and coatings, for example as conductive inks for the production of
electrically conductive surfaces or electric circuits, as described, for example, in DE102008008837 Al. In
this case, the production of the circuits or electrically conductive surfaces is carried out by printing. The
liquid used thereby is then removed, for example by drying. Various processes can be used in the printing,
such as, for example, inkjet printing or screen printing. In this manner, tracks can be produced on RFID

chips, for example.
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Further examples of the use of dispersions containing carbon nanotubes are conductive precursor materials
for the production of polymer materials and further starting products for the production of CNT-
containing composites, for example for the incorporation of CNTs into different matrices, in particular
into polymers. Dispersions containing carbon nanotubes are additionally used in glass fibre sizes, for the
impregnation of ceramics, for reinforcing concrete, for modifying latex (rubber, etc.) and in dispersion

paints (deep black, electromagnetic shielding).



Pa*s Pas Pa*s 2-1 2 1.4 50 15 217 200 50.2 5.94 1.76 2-2 4 0.75 40 15

199

-13-

Examples

Conductivity determination of a dried dispersion

The conductivity of the dried dispersions was determined by diluting the dispersion in question with
distilled water so that the concentration by mass was 0.5%. In each case 200 microlitres were then drawn
up with a micrometre syringe and added to a rectangular well with removable walls measuring one
centimetre by two centimetres. The dispersion was then dried for at least four hours in a drying cabinet at
60°C. The walls of the well were then removed so that a "spot” of dried dispersion measuring one
centimetre by two centimetres was left on the substrate. The dried suspension was then contacted
electrically with the aid of metal clamps on both sides on the narrow sides of the rectangle so that a square
measuring 1 centimetre by one centimetre could be measured in respect of electrical conductivity. As a
rough approximation, about 0.5 g of CNTs is present in such a square. The resistance of this square was

then measured using a Multimeter ITT Instruments MX528.

The thickness of the layers was measured for different tests and was approximately from four to six

micrometres.

Example 1 (effect of the decrease in viscosity):

Step 1.: Preparation of the mixture

5460 grams of distilled water, 240 grams of sodium salt of a ligninsulfonic acid with MW = 52,000 g/mol
("LSSNa") from Sigma-Aldrich Chemie GmbH, Germany, and 300 g of Baytubes® C 150 P

(manufacturer: Bayer MaterialScience AG, Germany) were placed in a container.
Step 2.: Pre-dispersion

This mixture was homogenised for four minutes with a Kotthoff "Mischsirene" (Kotthoff "Mischsirene”
FLUKO laboratory dispersing machine LDF for batch operation, which is a rotor-stator system in batch
operation) of the LDF type. The dispersion was then transferred to a stirred container and homogenised by
means of a pneumatic pump. The product was in each case fed back to the receiver container. In a first
step, the product was pumped in a loop, in a second step via a nozzle of diameter of 1.4 mm with a
throughput of 200 kg/h.
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Sample 1-1 was removed.
Step 3a: Homogenisation of the pre-dispersion until the viscosity maximum is exceeded

5610 grams of the dispersion prepared in step 2. were dispersed in a jet disperser with different nozzles
(for the diameter of the nozzles and the number of nozzle apertures see Table 1). Afier passing through the
nozzle, the product was fed back into the main container again. The pressure that was established was

thereby measured, as was the throughput by level calibration.

After the individual steps, samples were taken and the viscosities were determined. They were determined
using a rheometer of type "Physica MCR 301" in a Couette gap at T = 25°C. Shear rates of from 0.01 to

100 reciprocal seconds were first set, with the shear rate increasing.

Table 1 below gives an overview of the individual steps and the measured viscosities at 0.1/s, 1/s and 10/s.
When carrying out the test it became apparent that samples 1-4 and 1-5 were far less viscous than samples
1-1, 1-2 and 1-3.

Table 1. Effect of the decrease in viscosity in a LSSNa-containing CNT dispersion

Number | Nozzle Viscosity at
Sample | of nozzle | diameter | Pressure Time | Throughput Throughput 01/s | 1/s 10/s
no. apertures 1st 2nd
measurement | measurement

mm bar min | kg/h kg/h Pa*s | Pa's Pa*s
1-1 144 | 1.660 | 0.236
1-2 2 1.4 50 20 311 294 215 12480 | 0.971
1-3 4 0.75 40 20 251 247 166. | 18.300 | 2.870
1-4 1 0.6 160 40 208 205 0.057 | 0.049 | 0.052
1-6 1 0.4 240 20 110 110 0.057 | 0.049 | 0.040

Fig. 1 shows the viscosity values from Table 1 in graphic form.
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Example 2 (effect of the decrease in viscosity):

Step 1.: Preparation of the mixture

2275 grams of water were placed in a 3-litre glass beaker, and 100 g of polyvinylpyrrolidone 40T ("PVP
40T") from Sigma-Aldrich Chemie GmbH, Germany were dissolved therein while stirring by means of a
cross-arm stirrer of diameter 60 mm and speed 500/min. 125 grams of Baytubes® C 150P CNTs were
added.

Step 2.: Pre-dispersion

Using a Kotthoff "Mischsirene”, the mixture was homogenised for four minutes analogously to
Example 1. The product was then transferred to a stirred container. In a first step, the product was pumped

in a loop, in a second step via a nozzle of diameter 1.4 mm with a throughput of 200 kg/h.
Step 3a: Homogenisation of the pre-dispersion until the viscosity maximum is exceeded

2282 grams of the dispersion prepared in the pre-dispersion were dispersed in a jet disperser with different
nozzles (for the diameter of the nozzles and the number of nozzle apertures see Table 2). After passing

through the nozzle, the product was fed back into the main container again,
Table 2 below gives an overview of the individual steps and the measured viscosities at 0.1/s, 1/s and 10/s.

Table 2. Effect of the decrease in viscosity in the case of a PVP 40T-containing CNT dispersion

Number | Nozzle Viscosity at
Sample | of nozzle | diameter | preggure | Time Throughput | Throughput 0.1/s | s 10/s
ne. apertures 1st 2nd
measurement | measurement

mm bar min | kg/h kg/h Pa*s | Pa*s | Pa's
2-1 2 1.4 50 15 217 200 502 | 594 |1.76
2-2 4 0.75 40 15 199 202 50.1 |4.98 |1.24
2-3 1 0.6 150 15 192 195 537 |1.95 |0.628
2-4 1 0.4 240 15 112 113 0.308 | 0.163 | 0.101
2-5 1 0.3 270 15 78 80 0.342 | 0.169 | 0.101

Fig. 2 shows the viscosity values from Table 2 in graphic form.
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Bayt ubesO C 150 P were placed in a container. Step 2.: Pre-dispersion
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di spersion was then transferred to a stirred contai ner and
honogeni sed by nmeans of a pneumatic pugp. The product was in each
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Step 2.: Pre-dispersion

The mixture prepared in step 1 was homogenised for four minutes using a Kotthoff "Mischsirene” (see
Example 1) of the LDF type. The dispersion was then transferred to a stirred container and homogenised
by means of a pneumatic pump. The product was in each case fed back into the receiver container. In a
first step, the product was pumped in a loop, in a second step via a nozzle of diameter 1.4 mm with a
throughput of 200 kg/h.

Step 3.: Preparation of the initial dispersion

5547 grams of the dispersion prepared in step 2 were dispersed in a jet disperser with different nozzles
(for the diameter of the nozzles and the number of nozzle apertures see Table 2). After passing through
each nozzle, whereby the process parameters indicated in Table 3 were established, the product was in

each case fed back into the main container again.

Table 3.
Sample Pass Number of | Nozzle Pressure Time
no. nozzle diameter
apertures
mm bar min
3-1 - - - -
3-2 a) 2 1.4 50 25
3-3 b) 4 0.75 40 25
3-4 c) 1 0.6 160 25

After pass c), that is to say in sample no. 3-4, the effect of the decrease in viscosity was observed.
Further metering and after-dispersion

After pass c), a further 54 grams of CNTs were added to the main container. This mixture was then

homogenised in succession by the procedure consisting of the following passes
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d) 25 minutes in the jet disperser with 2 nozzles, 1.4 mm
) 25 minutes in the jet disperser with 4 nozzles, 0.75 mm
) 25 minutes in the jet disperser with 1 nozzle, 0.6 mm.

In this case too, the product was in each case fed in a loop back into the buffer container. After the
addition of the CNTs during pass d), an increase in the viscosity was again observed, although this was
less pronounced due to the smaller amount of undispersed CNTs (1 wt.%) than at the start of the main

dispersion (5 wt.%). During the further passes, the effect of the decrease in viscosity was again observed.

This procedure of further metering and after-homogenisation was repeated a further two times according
to the above-described procedure consisting of further metering and passes d) to f). Here too, an increase
in the viscosity was observed after each addition, and a decrease was in turn observed as the procedure

continued. A total of 162 grams of CNTs was accordingly added in three steps.
Step 4.: Preparation of the final dispersion

Starting from the initial dispersion, which was obtained after the third step of further metering,
homogenisation was finally carried out via a nozzle of 0.4 mm diameter for 60 minutes. Sample 3-5 was

thereby obtained.

Finally, the sample was divided, and each portion was heated to 59°C and guided twice via a nozzle of
diameter 0.2 mm at a pressure of 1000 bar, without backmixing. After combining the portions again,

sample 3-6 was obtained.

The particle size of sample 3-6 was determined by means of laser diffraction using a Mastersizer 2000
Hydro S from Malvern. The D90 value determined by this process was 1.62 micrometres, a very good
dispersing quality. The solids content was determined by means of a drying balance. It was 14.1 wt.%,
based on the total weight of the dispersion. The content of CNTs is 7.9 wt.% CNTs/total weight of the

dispersion.

The viscosity of sample 3-6 was determined after one week using a rheometer of type "Physica MCR 301"
in a Couette gap at T = 25°C, Shear rates of from 0.01 to 100 reciprocal seconds were initially set, with an

increasing shear rate. The viscosities are:
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the hlgh-pressure pump 4, which gives the possibility of adjusting the primary pressure of the high-

pressure pump 4 via the pressure retention valve 3. The portion of the product that passes via the high-
pressure pump 4 can be broken down by one or more nozzles arranged in succession. In this case, the
nozzles were two spring-loaded annular gap nozzles 5 and 6. The stirred container 1 has the possibility of

metering in further solids and liquids from above.

Step 1.: Preparation of the mixture

8509 grams of distilled water, 573 grams of polyvinylpyrrolidone K 30 ("PVP K30") from Sigma-Aldrich
Chemie GmbH, Germany, and 478 g of Baytubes® C 150 P were placed in a container.

Step 2.: Pre-dispersion

This mixture was homogenised for four minutes using a Kotthoff "Mischsirene” of the LDI type. The

dispersion was then transferred to a stirred container and homogenised by a pneumatic pump, The product



The viscosity of sanple 3-6 was determ ned after one week using a
rheoneter of type "Physica MCR 301" in a Couette gap at T = 25C.
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Step 4.: Preparation of the final dispersion

After the last addition of CNTs, the test was continued for a further 80 minutes using the parameters

described in step 3 and was then terminated.

The effective throughput of the installation was accordingly 9 litres/165 minutes = 3.2 litres per hour.

Solids content of the final dispersion according to Example 4: 14.4 wt.%, based on the total weight of the
dispersion. The content of CNT's is 8.9 wt.% CNTs/total weight of the dispersion.

The particle sizes were determined as indicated above. The D90 value was 1.7 micrometres.



Step 2.: Pre-dispersion - 19 - was in each case fed back into the
receiver container. In a first step, the product was punped in a
| oop, in a second step via a nozzle of dianeter 1.4 mmwith a
t hroughput of 200 kg/h. Step 3.: Preparation of the initial
di spersion The m xture was then transferred to the stirred contai ner
1. The punp 2 was started and the preg8ure downstream of the punp 2
was set to approximately 2 bar with the valve 3. The hi gh-pressure
punp 4 was then started and the pressure downstream of the
hi gh- ppeRstllifmPUM 4 was set at 1200 bar via the valve 5 and the
pressure downstream of the valve 5 was set at about 200 bar via the
val ve 6. The pressure | oss across the valve 5 was accordi ngly about
1000 bar and across the valve 6 about 200 bar. The throughput of the
hi gh- pnpgsties R frep@stidaes e elikpdrdion Qﬂlﬁaiﬂiag afbbf @8ndd®es, NOWEL comprises the
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B par at | on o PHEIT R e sE PRI EAEt I PREE S PP Greetion Bgpibes
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of the installsgpilon was accordingly 9 litres/165 mnutes = 3.2 litres
per hour. Solids content of the final dispersion according to Exanple
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follow ng steps:. 1. preparation of a m xture of “dispersing agent,
di sper si ng ai@“@%ﬂ?e5§Fﬁ6ﬁdWPVP“@§PEHHPH%%ﬁ$@5@§, 2. if carbon
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optionally in loop mode, a final dispersion being obtained.

2) Process according to claim 1, characterised in that the addition of the further CNT agglomerates in

step 3) is carried out at a time at which the viscosity of the dispersion has exceeded a maximum.

3) Process according to claim 1 or 2, characterised in that a final dispersion having a concentration
greater than 5 wt.% CNTs, based on the total mass of the dispersion, is obtained and the effective

throughput is greater than 2 litres per hour.

4) Final dispersion of carbon nanotubes obtainable by the process according to any one of claims 1 to 3,
characterised in that the proportion of CNTs in the total mass of the dispersion is > 5 wt.%, preferably

more than 5.5 wt.%, particularly preferably more than 6 wt.%.

5} Final dispersion of carbon nanotubes according to claim 4, characterised in that the D90 value,

measured by means of laser diffraction spectrometry, is less than 5 micrometres.

6) Final dispersion of carbon nanotubes according to claim 4 or 5, characterised in that the dispersing aid

is selected from the group containing polymeric dispersing aids.

7) Final dispersion of carbon nanotubes according to any one of claims 4 to 7, characterised in that the

carbon nanotubes contain carbon nanotubes of the multiscroll type.



3. dispersion of the m xture fromstep 1 or of the pre-di spersed

m xture fromstep 2, wherein the dispersion is carried out using a

hi gh- pressure honogeni ser and wherein all or part of the mxture is
guided in a | oop during the dispersion, wherein this dispersion is
characterised in that further CNT agglonerates are added continuously
or discontinuously to the mxture durhg the dispersion, an initial

di spersion being obtained, 4. further dispersion of the initial

di spersion obtained in step 3 in a high-pressure honogeniser,
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the total mass of the dispersion, is obtained and the effective

t hroughput is greater than 2 litres per hour. 4) Final dispersion of
car bon nanot ubes obt ai nabl e by the process according to any one of
claims 1 to 3, characterised in that the proportion of CNTs in the
total nass of the dispersionis >5 w.% preferably nore than 5.5
wt.% particularly preferably nore than 6 w.% 5) Final dispersion
of carbon nanot ubes according to claim4, characterised in that the
D90 val ue, neasured by neans of |aser diffraction spectronetry, is

|l ess than 5 mcronetres. 6) Final dispersion of carbon nanotubes
according to claim4 or 5, characterised in that the dispersing aid
is selected fromthe group containing polyneric dispersing aids. 7)

Fi nal di spersion of carbon nanotubes according to any one of clains 4
to 7, characterised in that the carbon nanotubes contain carbon

nanot ubes of the multiscroll type. -21 - 8) Final dispersion of

car bon nanot ubes according to any one of clains 4 to 8, characterised
in that the carbon nanotubes are wholly or partially functionalised.
9) Use of the final dispersion according to any one of clains 4 to 9
as conductive coatings or inks or as percursor nmaterials for the
production of polyneric materials.



