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achieve desirable properties such as, for example, electrical conductivity.

For the successful preparation of stable dispersions of carbon nanotubes, therefore, the complete

breaking up and unbundling of carbon nanotube agglomerates and — frequently — suppression of the
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greatly damaged, which has an adverse effect especially on properties such as conductivity.
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increases as the content of CNTs increases. This is also the reason why the dispersions are prepared
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walled carbon nanotubes of the cylinder type, scroll type, multiscroll type and cup-stacked type or

mixtures thereof, and in particular mixtures containing the multiscroll type as described below. It is
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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 range from 5000 to 400,000. There are suitable, for example, PVP K15 from Fluka (molar mass
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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 most 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 higti-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 homogenisets are kriown 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.

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
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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 me"thods is the commiriﬁtion 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 ekchanging 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=¢g 5 PH

where Ap is the pressure loss in pascals, ¢ is a factor which depends on the geometry of the nozzle
and is typically from 0.7 to 1, p is the density in kilograms per cubic metre, u is the mean speed of the

fluid, wherein

where V' is the volume flow and 4, is the cross-sectional arca of the nozzle. For nozzles having a

circular cross-section

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.
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A spring-loaded annular gap nozzle can also be used according to the invention. Such a spring-loaded
annular gap'no'zzle, 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 rﬁafkédly reduced téndency 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 étepé 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 CNTSs 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 vig 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

I 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 mixtﬁre by increasing the concentration of CNTs in the storage container. This
can 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
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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 diépersio.n initialiy increases as the dispersing time progresses and then decrcases 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 1to 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 I 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 iu‘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 out until the desired final concentration is
reached. Typicaily, 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.%
CNTs can be established. In further preferred embodiments, the dispersion contains from 7 to 15 wt.%
and particularly preferably from 8.0 to 14.5 wt.% CNTs. In particular, dispersions containing more
than 8 wt.% CNTs can be prepared. All indicated percentages by weight are based on the total mass of

the dispersion.
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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 first 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/hou;‘.

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 nianotubes 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 éh‘ips, for example,

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 CNTSs into different matrices, in
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particular into pc')lym'ef_é.'-DiSpers'ions 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).
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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 Centiihé‘tfe":b)b/ 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 MX528S.

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

3460 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 nim witha throughput of 200 kg/h.
Sample 1-1 was removed.

Step 3a: Homogenisation of the pre-dispersion until the viscosity maximum is exceeded
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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). After 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
Sampie | of nozzle | diameter | Pressure Time | Throughput Throughput 01/s | /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 11.660 | 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
1-5 1 0.4 240 20 110 110 0.057 | 0.049 | 0.040

Fig. 1 shows the v-iscosify' values from Table 1 in graphic form.

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
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Preparation according to the invention of a LSSNa-contai ning

di sperBM8d03fl2¢ar bon nanotubes Step 1.: Preparation of the mxture
5160 grams of distilled water, 360 grgms of LSSNa and 300 g of
Bayt ubes@C 150 P.were placed in a container.

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 tlilioug'h't'he rio’izl'e, 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 I}Iozzlg_ Viscosity at
Sample | Of nozzle | diameter | pressure | Time | Throughput | Throughput | 0.1/s | 1/ | 10/s
no. apertures 1st ond
measurement | measurement

mm bar min | kg/h kag/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 15 199 202 501 [498 |1.24
2-3 1 lo6 150 |15 192 195 .37 [ 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.

Example 3: Preparation according to the invention of a LSSNa-containing dispersion of carbon

nanotubes

Step 1.: Preparation of the mixture

5160 grams of distilled water, 360 grams of LSSNa and 300 g of Baytubes® C 150 P were placed in a

container.



- 16 - Step 2.: Pre-dispersion The m xture prepared in step 1 was
honogegy f ur mnutes using a Kotthoff "lechsir$a§

Exanpl ?q?@lg{@'tg%%pLDF type. The dispersion was then trans é];:l&%ﬁﬁ?ﬁog‘n?
stirre@M8d@td2ter and honogeni sed by means of a pneumatic punp. The
product was in each case fed back intg the receiver container. In a
first step, the product was punped ina loop, in a second step via a
nozzl e of dianmeter 1.4 mw th a throughput of 200 kg/h.dStep 3.:
Prepar@tipon, of . the initial dispersion 5547 grans of the dispersion
prepa.r%e ?Emgfgﬁmﬁoﬂere di spersed in a jet disperser with different

nozzl f.or the di,ameter of. the no es and the.nunber of nozzle ,
per t ueen S el RS hp Bepom el Rv SR eL R RSl MiRG st oo
t he pribempk pavfnet 8DF typei Tt ddpérsion akek ehd weiisteredt @bh isshed cotthiger and
roduct was.in,each case fed back into the mai.n container again. .
Tabl o MemOGasf LY pisanssta enTIRIS PEFP S Braduc Ui sk ong S tack i Bt mesiver
Pr essumwetainar Inla fiest step) 13- Froduct 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 © " | Nuriber 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 o) 11 0.6 160 25

After pass ¢), 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
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
1) 25 minutes in the jet disperser with 1 nozzle, 0.6 mm.

In this case too, the pfodtwt 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.
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This procedure . of fiirther '-inetering 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. thé initial {dispersion, which was obtained after the third step of further metering,
homogenisation was finally carried out vie 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:

Viscosity of sample 3-6 at
0.1/s 1/s 10/s
Pa*s Pa*s Pa*s
155 29 6

Conductivities were determined on the dried dispersion by means of the process described above, The
conductivity of five I cm * 1 cm squares with 0.5 milligram of CNTs was measured and values from
30.8 ohms to 43.9 ohms were determined, the mean was 37.4 ohms. With a layer thickness of

4 micrometres, this corresponds to a conductivity of approximately 6700 siemens per metre.
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a pressure of 1000 bar, w thout backm xing. After conbining the
portions again, sanple 3-6 was obtained. The particle size of sanple

3-6 \A@Qeé)qe.;tﬁéljﬁaﬁgﬁiomem of laser diffraction using a Mstersizer
2000 Hydro S from-Mal vern. The D90 val ue determ ned by this process
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of sanple 3-6 was determ ned after one week using a rheoneter of type
"Physi ca MCR 301" in a Couette gap at T = 25C. Shear rates of from

0. 01 tSeerRodre-dispgstiarcal seconds were initially set, with an increasing

shear rate. The viscosities are:
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 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

The mixture was then transferred to the stirred container 1. The pump 2 was started and the pressure
downstream of the pump 2 was set to approximately 2 bar with the valve 3. The high-pressure pump 4
was then started and the pressure downstream of the high-pressure pump 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 valve 6. The
pressure loss across the valve 5 was accordingly about 1000 bar and across the valve 6 about 200 bar.

The throughpu’; of the high_-pressure pump 4 was between 110 and 120 litres per hour throughout.
Further metering aud after-dispersion

20, 25, 30, 35, 40, 55, 60, 65, 70, 75, 80 and 85 minutes after starting, in each case 37 grams of CNTs

were added over a period of about one minute.
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Conduciyiy bpisffsyer € determined on the dried dispersion b

t he process descri bed above. The conductivity of five 1@@1‘7‘E IBETHE
squar EM@IPR 1805 nj||jgram of CNTs was measured and val ues fron130 8
ohms to 43.9 ohms were determ ned, thg mean was 37.4 ohns. Wth a

| ayer thickness of 4 mcronetres, this corresponds to a conductivity
of approximately 6700 sienens per netre. - 18 - Exanple 4:
Prepaﬁ%%i@”h%&@ﬁ%gb @ﬁh&ﬂd@ erSInI\T/entlon of a PVP-contai ni ng di spersion

of car Bratus shown in Fig. 3 mas used. A stlrred
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Norrmal |y, the throughput of the punp 2 will be higher than the

t hroughput of the high-pressure punp 4, which gives the possibility
of adjusting the primary pressure of the hi gh- pressure punp 4 via the
pr ess Ukhe effectinthraighpuofdse Bistaltitonyes a¢conlingly § ltees(i6H dhirtes = lipapsemur.
via the high-pressure punp 4 can be broken down by one or nore
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were placed in a container. Step 2.: Pre-dispersion This m xture was
honogeni sed for four m nutes using a Kotthoff "M schsirene" of the
LDl type. The dispersion was then transferred to a stirred contai ner
and honogeni sed by a pneunatic punp. The product was in each case fed
back into the receiver container. In a first step, the product was
punped in a loop, in a second step via a nozzle of dianeter 1.4 nm
wi th a throughput of 200 kWh. Step 3.: Preparation of the initial

di spersi on



The m xture was then transferred to the stirred container 1. The punp
2 was W@gﬁﬁﬂ)@m the pressure downstream of the punp ZPYﬁ?ElSﬁﬁl/hﬁ’nw
apprOX|nater bar with the valve 3. The high-pressure punp 4 was
then MEdR41Ahd the pressure downstream of the high-pressure punp 4
was set at 1200 bar via the valve 5 apd the pressure downstream of
the valve 5 was set .at about 200 bar via the valve 6. The pressure

| oss across the valvé 5 was accordingly about 1000 bar and across the
val ve 6 about 200 bar. The throughput of the high-pressure punp 4 was
bet wedatent@laimayi 120 |itres per hour throughout. Further netering and
after-dispersion - 19 - Step 4.: Preparation of the final dispersion
After the last addition of CNTs, the test was continued for a further
80 m nutes using the paranmeters described in step 3 and was then

t er mi nat BegpcesyHer & fpeqpeiatien pﬁﬁdtﬁgbrpm coftaining darpon alhofutiennwhiehs comprises the
accor di nglipwiglsteps:€s/ 165 mnutes = 3.2 litres per hour. Solids
content of the final dispersion accordlng to Exanple 4. 14.4 w. %
based on the t e

B0 wt . %6 CNTs T L praiHnal SRy BF SRRERE BEOL. (IRIAOMY Shudlly ilen
det ermi ned asMa'gbesat ed above. The D90 value was 1.7 micronetres. -
20 - Patent clainms 1) Process for the preparation of a dispersion
cont ai ni ng Zcatfs@omanetubesdeve basn edded dmsseni s erticnplepré-disbassipmey the mixture from
preparation ofigy m xture of dispersing agent, dispersing aid and,
optionally, carbon nanotubes, 2. if carbon nanotubes have been added
in step 1, 30p4ikRRadn f

di spersion of the n1ﬁ?ﬁ?gkﬁggﬁégggqurggﬁePk%hgéﬁaj& g%%@@é%pniyhﬁmn
fromstep 2, WRdisespion Hearied Gé?@mrﬂ high- araﬁsrnieédmegﬁmsesmdgwlwem all or part of
hi gh- pressur eqBoRARAI S eg‘lud@HIQnV‘A"%o%' Bure! th@rdlﬂﬁi:sﬁ lﬁnﬁm X LpBrslof is
guided in a Ioop during rsion, mhereln t |sperS|oﬁ

char act er i sed°lieffeteriggd i ﬂ’taf f‘n‘é‘her &‘f" aaplfimsraesroaided eorlé!d@t@dlymﬁlsmnumﬂy
or di sconti nuQUR Mixte @ltnﬁlgméql#)&%]othrn ifflalldiNPeSion Bgégblﬂﬁnedan initial

di spersion being obtained urther dispersion o e 1hitial

di spersion 40bituﬁhé}egrsbd"51e°ﬁ P el 1Hlt1§l hlsBdsibE e@gﬂ{ et ﬁog@geﬁ'lﬁq th pressure

optionally in | oop node, a final dispersion being o i ned
Process accorMmegetigsraptipinlly in lopmmeds; final dispersion being ebiteinedddi t i on of

t he fugther CNT aggl onerates in step 3) is carried out at a tinme at
whi ch? h%m%‘%%%‘ﬂt“ﬁ tQ¢laihb chiragsuised brihd the additiecefebe ﬁthhﬁﬁNﬁjmgk@)erates in

Process sip)listiaft@dloft &b &n@alwRith the vERALRGE tﬁiﬂﬁﬁéﬂs@% %Iﬁﬁﬁd bl m

di spersion having a concentration greater than 5 base
the t @ abrotWBSsccOlding8 cRis PSS! QfracleRsdalh ﬂiaﬁg%né’ir&ﬁs tem?op%%{nﬁ b ch?t:entratl n

throughput is greater than 2 Titres per hour. ersion o
car bon rEF GBS W&N{%ﬁb\’%“b?ﬂ thp oty rﬂt?é%@fsﬂl%lélemseﬁmq abisingd yndthe efffotive

clai ms IthicQglput 6 BRARFIEE b HEE gePhdupat the proportion of CNTs in the
total mass of the dispersionis >5 w.% preferably nore than 5.5

- % aparikdl Qidpasiby ofWaffoR hatddbes O AndbRASY the Woee¥® 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.

8) Final dispersion of carbon nanotubes according to any one of claims 4 to 8, characterised in that

the carbon nanotubes are wholly or partially functionalised.



5) Final dispersion of carbon nanotubes according to claim4,

char aciyah beRe4stA hat the DO0 val ue, neasured by neans %E'/E?@’umsnw
diffraction spectronetry, is less than 5 mcronetres. 6) Fina

di sperBM8404£12¢ ar bon nanot ubes according to claim4 or 5,
characterised in that the dispersing-gid is selected fromthe group
contai ning polyneric dispersing aids. 7) Final dispersion of carbon
nanot ubes according to any one of clains 4 to 7, characterised in

t hat tdg)eug%@ﬁpgﬁmgpa%& &R0y 'rtggﬁasn%%? AR Res cg,;dﬁltéﬁg STk L%anes'oér

type. I Spersion o nanotu accor o any one
cl ai ns 4ag per@ysoc hateads & itteauoduptidnvdpolymericmatbdais. nanot ubes are whol |y
or partially functionalised. -21 - 9) Use of the final dispersion

according to any one of clains 4 to 9 as conductive coatings or inks
or as percursor materials for the production of polyneric materials.



