Process for ﬁﬁé chemical modificatiofi of solids contain-

ing alkyl groups.

The invention relates to a process for the
chemical modification of solids containing alkyl groups,
and to chemically modified solids. containing alkyl
groups.

It is known that solids contéining alkyl groups,
for example polyolefins and waxes, can be used in many
fields. Use, for exaﬁple, as coating materials, hot-melt
adhesives etc., is possible. For the processability of
the solids containing alkyl group; in the most varied
fields of use, these solidé must be mixed with certain
- additives which are latched to the particular field of
use. Because of the multiplicity of possible fields of
application, a comprehensive uniform use of the solids
containing alkyl_groups-is thus impossible.

Kunststoff-Taschenbuch, 25th edition, pages 248
to 259, discloses a process.for the aftertreatment of
solids containing alkyl groups. In this process, the
surface of the solid containing alkyl groups, for example
a PE surface, is treated with a high-voltage plasma, in
order to achieve a local chemical modification. Owing to
this local surface treatment, for example in the case of
moldings, an improvement in the cbatability or print-
ability is achieved.. However, it.is a disadvantage in
this case that an additional afteftreatment must be
performed, the ﬁpplication of which is possible only to
a restricted extent.bwing"tb the provisian of a high-

voltége plasma unit for the finished product.
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.- The object therefore underlying the invention is

to create a process of the generic type bY which a

chemical modification of solids containing alkyl groups
is possible in a simple and inexpensive manner.

According to the invention, this object is
achieved by heating the solids containing alkyl groups to
temperatures above their melting point and subjecting
them to a plasma treatment in a frequency range from
10 kHz to 10 GHz. Surprisingly, it was found that owing
to the conversion of the solids containing alkyl groups
into a melt and their plasma treatm;nt, a modification of
material properties can be specifically induced within
the solids containing alkyl groups. Owing to the con-
version into a melt, a qualitativgly and quantitatively
higher grade _chemical'. modification may be achieved. In
particular, by means of the plasma treatment of the melt
of the solids containing alkyl groups, special chemical
products can be achieved which can be used in a versatile
manner without requiring a further complex aftertreat-
ment. A degree of the chemical modification of the solids
containing alkyl groups may preferably be achieved in a
simple manner by adjusting a viscosity of the melt and/or
parameters of the plasma treatment.

In an advantageous development of the invention
it is provided that the plasma treatment is carried out
with alternating frequencies, preferably with combin-
ations of different alternating frequencies. Thus, .the
plasma treatment can be carried out highly advantageously

with successively selectable frequencies, with alter-
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nately selectable different frequencies, with at least
t:v'wo simultaneously selectable different frequencies, and
combinations of frequency selections resulting therefrom.
By this means, the chemical modification can highly
advantageously be matched to the different chemical
structure of the solids containing alkyl groups used and
to their application by the chemical modification.

In a further advantageous development of the
invention, it is provided that the plasma treatment is
carried out with s_upply of at least one inert gas, for
example helium and/or argon, and/;’r with supply of at
least one reaction gas, for example oxygen and/or nitro-
gen. It is further preferred if the plaéma treatment is
carried out in succession with an inert gas plasma and at
least one reaction gas plasma and./or a'. réac.tion gas
plasma mixture or with supply of a mixture of at least
one inert gas and one reaction gas. By choosing a compo-
sition of the process gas during the plasma treatment
_(inert: gas, reaction gas, reaction gas mixture) which is
matched to the solids which contain the alkyl groups and
are to be modified, .it: is possible to incorporate, to a
sufficient extent, the reactive groups necessary for the
chemical modification, for. example hydroxyl groups,
cé.rboxyl groups, primary and secondary amino groups, into
the melt of the solids containing alkyl groups. These.
incorporated groups are able to lreact with the solids
containing alkyl groups and to enter into chemical bonds
and/or to adhere physicallﬁr, Further polar, but unreac-

tive grbups which can be incorporated, for example
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carbonyl groups, tertiary amino groups, .ca.n likewise
effect a modification in properties of the solids con-
taining alkyl groups. By converting the solids containing
alkyl groups into the melt, a relatively homogeneous
modification of the solids contaiﬁing alkyl groups isl
possible by means of the reactive or unreactive groups
incorporated during the plasma treatment.

The melt solidified after tﬁe plasma treatment
thus has a relativeljr h;amogeneous distribution of reac-
tive or unreacﬁive groups introduced over the entire
spatial extent of the .solid containing alkyl groups. Any
type of solids containingl alkyl groups can thus be
achieved which are suitable, after the plasma treatmeﬁt,
for specific applications, a further subsequent treatment
no longer being necessary. The adjustment of the solids
containing alkyl groups to their special application can
be performed in a simple manner by the plasma treatment
according to the inven.tion of a melt of the solids
containing alkyl groups.

In a further advantageous development of .the
invention, it is provided that the solids containing
alkyl groups are admixed prior to the plasma treatment
with solid and/or liquid reactants, auxiliaries and
additives. The solid and/or liquid reactants, auxiliaries
and additives can preferably also be admixed to the melt
of the solids containin§ alkyl groups. By means of this
optional addition of said reactants or substances, the
chemical modifiéatiog of the solids containing alkyl

groups can be matched precisely to a specific iapp-



lication.

It islfurther advantageous if the solids contain-
ing alkfl groups are converted into the melt prior to the
plasma treatment. As a result, the melt can be generated
separately, if appropfiate admixed with the reactants or
auxiliaries ana additives and then subjected to the
plasma treatment. By this means, the process steps of
generating the melt of the solids containing alkyl groups
and the plasmé treatment can be carried out separately,
that is successively, with each of the two process steps
beipg able to be optimized separately, that is can be
matched to the specific solid containing alﬁyl groups.
This substantially avoids interactions between the two
process steps. This is advantageous, in particular, if
the solids containing alkyl groups have different melting
points or if -a variable melt viscosity is to be set.
Furthermore, the unit for carrying out the plaéma treat-

ment can be kept free from the apparatus for generating
the melt, so that the unit can be used in a varied
manner.

However, it is also within the context of the
invention that the melt of the solids containing alkyl
groups is produced during the plasma treatment, that is,
therefore, simultaneously. This enables the plasma
treatment, that is the chemical modification of the
solids containing alkyl groups, to be begun before they
have been fully heated above their melting temperature.
By this means it becomes advantageocusly possible to stop

the process step of conversion of the solids containing
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alkyl groups into their m§1t at a point in time at which -
not all of the solids containing alkyl groups have yet
been liquified. By this means, the reactive or unreactive
groupe can be incoiporated by means of the plasma treat-
ment intb the solids containing alkyl groups at differing
intensities in different spatial areas of the solid
containing alkyl groups. Thus, after solidification of
the melt, solids containing alkyl groups may be achieved
which have undergohe different chqmical modification in
different areas.

Further advﬁntageous developments result from the
remaining features mentioned in the subclaims.

The invention is described below in more detail
in illustrative examples with reference to the associated
drawings. In the drawings:

Figure 1 shows a process sequence of the chemical mod-
ification of a solid containing alkyl groups
and

'Figure 2 shows a d;agrammatic representation of an

| arrangement for carrying.out the process.

Figure 1 is intended to clarify the process
according to the invention usiﬁg a diagram. In a first
step, solids containing alkyl gfoups available as start-
ing materials are prepared. The solids containing alkyl
groups can be ﬁresent either in powder or granule form or
as shaped articles. In the process step 10, the solids
containing alkyl groups are heated above their melting
point by exposure to a heat source, so.that these are

converted into a melt. During the process step 10, the
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solids containing alkyl groups can lbe admixed with
reactants, auxiliaries and/or additives. This admixture
can be performed either prior to the inelting, during the
melting or after the melting.

in a next step 12, the process gasses and process
parameters desired for the plasma treatment of the melt
are set. In this case, in particular the specific com-
binations of the process gasses are established, that is
a first treatment with an inert gas élasma, preferably
with helium and/or argon, and the subsequent treatment
with a reaction gas plasma, preferat;ly with oxygen and/or
nitrogen, or else the treatﬁent with a plasma which is
generated from a mixture of the abovementioned gaéses. In
addition, the high frequencies necessary for the plasma
generation in vacuo and their time course are set.
Variants are thus conceix}able in which a plasma treatment
is carried out initially at a lower frequency, for
example 13.56 MHz, and then at a Higher frequency, for
example 2.4 Ghz [sic]. Furthermore, alternating addition
of the process gasses is possible, that is the inert gas,
the reaction gas and/or a mixture of a reaction gas and
an inert gas. In addition, an altermating, if appropriate
alternatively simultaneous selection, of different
frequencies can be preset. Furthermore, the desired
process pressure, which is, for ekample, in the range
between 0.1 mbar and 2 mbar, is set. During the plasma
treatment, the process pressure can be subject to pro-
cess-specific fluctuations. Fu_rthermore,. the duration of

treatment for which the plasma treatment of the melt
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takes place is established. This is, for example, between
5 seconds and 15,000 seconds. Said process parameters and
process gasses can be varied in any combination among one
another and are matched, in particular, to the com-
position of the respective solid containing.alkyl groups
which is actually present. |

In a subsequent process step 14, the plasma
treatment of the melt of the solids containing alkyl
groups is performed using ‘the process paraméters or
process conditions set in thé process step 12. It is
conceivable in this case that, during the plasma treat-
ment, the process parameters can be modified and/of
adapted, for example by a controller. Furthermore, during
the process step 14, the melt can be mixed or stirred. By
this means, a more haﬁogeneous ﬁixing of the melt with
the reactive or unreactive groups incorporated by the
plasma treatment is possible. Furthermore, the melt can
be subjected to controlled heating during the plasma
treatment, so that solidification or change in the melt
viscosity during the plasma treatment is avoided. How-
ever, by means of targeted controlled heating of the
melt, it is also possible to change the viscosity during
the plasma treatment, for example to increase or to
decrease the viscosity, in order to influence in this
manner the incorporation via the plasma treatment of the
reactive or unreactive groups.

In a subsegquent process step 16,"the melt is
further processed. This further processing can comprise,

for exa:niple, solidification of the melt. The chemically
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modified solids containing alkyl groups then present can,
for example, be granulated, compressed to_form defined
shaped articles or processed in other ways. Furthermore
it is conceivable that the chemically modified melt is
further processed pfior to the solidification. This can
be performed, for example, by means of an extiuder, an
injection molding machine, a shock cooler, a mixing unit
for producing solutions, dispersions, emulsions, com-
pounds and/or blends, an impregnating device, a spraying
or injection device and/or a device for producing com-

posites. The direct further processing of the chemically

modified melt avoids the need for otherwise necessary

intermediate steps, for example the solidification and
remelting necessary prior to further processing. However,
in the context'of the present description, details of‘a
further processing of the modified melt are not to be
considered more closely.

Figure 2 shows diagrammatically a unit for the
chemical modification of solids containing alkyl groups.
The unit is désignated generally by 20 and is shown in a
greatly simplified .manner. The unit 20 comprises a
reactor 22 which has at least one inlet port 24 for the
solids containing alkyl groups to be modified. The inlet
port 24 can also be used for the addition of the reac-
tants, auxiliaries and/or additives. In addition. the .
reactor 22 has an_inlet port 26 for process gasses or
plasmas. The inlet port 26 can have a plurality of part-
inlets, which are not shown here, via which either an

inert gas, a reaction gas and/or a mixture of an inéft
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gas and a reaction gas or corresponding piasmas can be
passed into the reactor 22. In addition, the reactor 22
has an outlet 28 for the treated solids containing aikyl
groups. The reactor 22 can be sealed hermetically, so
that a vacuum can be generated in én interior 30 of the
reactor 22, with details here not being further con-
sidered. An electrode 32 projects into the interior 30,
which electrode is coupled to a generator 34 for the
microwave plasma excitaﬁion and to a high frequency feed
- 36. The electrode 32 can consist of a plurality of part-
electrodes, with one_being able té be designed for the
microwave plasma excitation and one for the high fre-
quency feed. The shape of the electrode 32 can be, for
example, rod-shaped, spherical, half-shell-shaped etc. In
addition, an agitator 38 is arranged in the interior 30.
The agitator 38 is only present optiomally, so that its
presence is not necessary for the chemical modification
according to the invention. Furthermore, the reactor 22
can be heatable, either via its outer shell 40 or via the
agitator 38 which can have the corresponding heating
elements.

The arrangement 20 shown here is only exemplary
and can be replaced‘by any other suitable arrangement by
means of which the process according to the invention can
be carried out.

The unit 20 sﬁown in Figure 2 performs the
following function:

Via the inlet port'24,.the.reactor 22 is charged

with the solids containing alkyl groups. According to a
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first process variant, the solids containing alkyl groups
are still in their solid state, so that these are, for
example, tippéa into the reactor 22. The solids contain-
ing alkyl groups can in this case be present, for
example, as granules, éowder or else as relatively large
shaped articles. The interior 30 of the reactor 22 is
then expoged to thermal energy, for example by means of
a heating of the outer shell 40. By means of this
heating, the solids containing alkyl groups charged into
the interior 30 are heated above.their mglting point, so
that a melt results in the interiof 30. Tﬁis melﬁ can be
stirfed by means of the agitator 38;

According to a further process variant, the
agiﬁator 38 is dispensed with, so that the melt settles
on the bottom of the reactor 22 within the interior 30.

After the solids containing alkyl groups have
been coﬁverted into their melt, a plasma treatment of the
melt is carried out by means of the electrode 32 with
simultaneous feed of a process gas via the inlet port 26.
The electrode 32 can in éhis case be alternately excited
with different frequencies. For this purpose, this
electrode is alternately coupled to the generator 34 or
to the high frequency feed 36. If appropriate, two
electrodes 32 are present, one of the respective elec-
trodes being coupled to the generator 34 and the other to
the high frequency feed 32. These can then be selected
alternately. The process gas fed via the inlet port 26
leads, in a known manner, to the formation of a plasma

within the interior 30 - of the reactor 22. A variable
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plasma depending on the composition of the process gas is
generated. In this case, either an inert gas, a reaction
gas or mixture of an inert gas and a reaction gas or
corresponding plasmas can be fed to the rgactor 22 via
the inlet port 26. The inlet port 26 is designed in such
a way that the feed of the inert gas and/or of the
reaction gas and/or of the mixture of the inert gas and
the reaction gas or of the corresponding plasmas can be
varied during the-plasma treatment via control elements
which are not to be considered here in more detail. That
is, for time periods of different length, differeant
amounts of each process gas required or of the corres-
ponding plasmas can be fed to the reactor 22.

After the plasma treatment of the melt has been
completed, this melt is removed from the reactor 22 via
the outlet port 28. In order that the melt does not
solidify during the plasﬁa .treatmmnt and during the
dischafge, the supply of heat can be continued during the
plasma treatment. The melt exiting from the outlet port
28 can then be fed to further p:ocessing or treatment.
However, in the context of the present description, this
possibility is not to be considered further.

According to a second process variant, the melt
of the solids containing alkyl groups is generated
outside the réactor 22. The melt is therefore generated
exﬁernally in a suitable device and charged in this stéte
into the interior 30 of the reactor 22. The reactor 22
merely reguires for this purpose a heat source which is

suitable for being able to expose the melt during treat-
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ment to heat energy sufficient so that it maintains a
temperature above its meiting point.

According to a third.process variant, the melt of
the solids containing alkyl groups can be generated
separately inia vessel which is then introduced into the
reactor 22 through a_suitable inlet port. After plasma
treatment of the melt has been carried out, this vessel
can again be removed from the reactor 22, sO that the
inlet port 24 and the outlet port 28 can be omitted. By
means of this variant, the structure of the reactor 22
can be optimized exclusively to the genération of the
plasma. |

According to a further mode of operation, it is
conceivable to operate the reactor 22 in the continuous-
flow principle. That is, solids containing alkyl groups
are continuously fed viﬁ the inlet port 24, which solids,
depending.lon the outfitting of ﬁhe reactor 22, are
already present as melt or are converted into a melt
within the reactor 22. The melt then present is then
subjected to the plasma treatment within a section of the
reactor ;2 designed for the plasma treatment and then
removed via the outlet port 28.

The various process variants for plasma treatment
of a melt described here are merely exemplary. It must be
made c;ear, that the.actual strucﬁure of a unit 20 fqr
carrying out the brocess according to the invention can
be highly wvariable. The critical factor is that the
solids containing alkyl groups are convérted into a melt

priof to the plasma treatment. The unit 20 merely needs
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to be designed for feeding the solids containing alkyl
groups, either as solid or as melt, and removing the
treated melt.

In a specific example, a known PE wax 720
(HOECHST) is introduced as powder into a mold. The height
of the powder layer within the mold is approximately 3 -
4 mm. The mold is then introduced into a heating appar-
atus, for example a furnace, and heated there to temper-
atures of approximately 160°C. By this means, tﬁe PE wax
is heated above its melting point. The mold remains in
the furnace until the PE wax is c;mpletely molten. The
mold containing the PE wax present in a melt is then
introduced into the reactor 22, this reactor having
neither the inlet port 24, the outlet port 28 nor the
agitator 38. ' |

Within the reactor 22, the melt of the PE wax is
subjected to a plasma treatment ﬁ;ving .the following
process parameters:.

A process pressure of 0.7 mbar is set. The power
of the high frequency feed 36 is 600 W, and the power of
the generator 34 for the microwave excitation is 1,200 W.
The generator 34 generatés a frequency of 2.45 GHz and
the high frequency feed 36 generates a frequency of 13.56
MHz. Argon is fed as inert gas into éhe interior 30, a
high-frequency excitation being performed for a time
period of 30 seconds and a microwave excitation being
performed for 30 seconds. Oxygen is then fed as reaction
gas and a plasma trea;ment is carried out for 60 seconds

with a high-frequency excitation and for 60 seconds with
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a microwave excitation. Nitrogen is thén fed as a further
reaction gas and, likewise, a high-frequency excitation
is carried out for 60 seconds and a microwave excitation
is carried out for 60 seconds. The entire plasma treat-
ment of the melt of the PE wax thus lasts 300 seconds.

After completion of the plasma treatment, the
melt is removed from the reactor 22 and cooled, so that
a wax plate is formed. This wax plate has a chemical
modification with respect to the original PE wax, which
was effected by a structural change during the plasma
treatment. By means of the treatment with the process gas
plasmas (inert gas plasma, reaction gas plasma) oxygen-
and nitrogen-containing polar groups were incorporated
into the melt. Owing to the incorporation of the polar
groups in the wax melt, the PE wax after solidification
exhibits a structural chai:ge.

This structural change is manifest:ed, for exam-
ple, by a change in the surface tension values of the
resulting wax plate. By applying test inks, it was
demonstrated that surface tension values betwéen approx-
imately 28 mN/m and #pproximately 41 mN/m were present on
the top of the plate, whereas surface tension values
between approximately 32 mN/m and approximately 41 mN/m
were present on the bottom of the plate. The 1local
difference in surface tension values between the top and.
bottom of the treated wax plate iesults from defective
mixing of the melt during the plasma treatment. The
resuli:ing local differences can be minimized -~ as

mentioned - by mixing the melt during the plasma treatment.
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1. Proces§ for the chemical modification of solids
containing alkyl groups, characterized in that the solids
containing alkyl groups are heated ﬁo temperatures above
their melting point and subjected to a plasma treatment in
a frequency range from 10 kHz to 10 GHz.

2. Process according to Claim 1, characterizéd in that
the plasma treatment is carried out at a constant
frequency.

3. Process accoréing to one of the preceding claims,
characterized in that the plasma treatment is carried out
at altermating frequencies; |

4. Process according to one of the preceding claims,
characterized in that the plasma treatment is carried out
with combinaticns.of different alternating frequencies.

5. Process.ﬁccording to one of the preceding claims,
characterized in that thé plasma treatment is carried out
with supply of at least one inert gas, for example helium
and/or argon. |

6. _ Process according to one of the preceding claims,
characterized in that the plasma treatment.is carried out
with supply of at least one reaction gas, for example
oxygen and/or nitrogen and/or monomers.

7. Process according to one of the preceding claims,
characterized in that thé plasma treatment is fed succes-
sively with at least one inert gas plasma, at least one
reaction gas plasma or a reaction gas mixture plasma or

with supply of a mixture of at least one inert gas and at
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8. Process according to one of the preceding claims,

least one reaction gas.

characterized by an alternating plasma treatment with at
1ea§t one inert gas plasma, at least one reaction gas
plasma and at least oﬁe mixture of an inert gas/reaction
gas plasma.

9. ' Process according to one of the preceding claims,
characterized in that the solids containing alkyl groups
a:;d/or the molten solids containing alkyl groi:.ps are
admixed with solid and/or liquid reactants, auxiliaries and
_additives prior to and/or during ax;d/or after the plasma
treatment.

10. Process according to one of the preceding claims,
characterized in that compounding is performed prior to
and/or during and/or after the plasma treatment.

11. Process according to one of the preceding claims,
characterized in that blending is performed prior to and/or
dui:'ing and/or after the plasma treatment.

12. ﬁrocess according to one of the preceding claims,
characterized in that thé plasma treatment is carried out
at a process preséure of 0.1 mbar to 2 mbar.

13. Process according to one of the preceding claims,
characterized in that the duration of the plasma treatneht
is between 5 seconds and 15,000 seconds.

14. Process according to one of the preceding claims,
characterized in that the solids containing alkyl groups
are converted into the melt prior to the plasma treatment.
15. Process according to one of the preceding claims,

characterized in that the solids containing alkyl groups
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are converted into the melt during the plasma treatment.
le6. Process according to one of the preceding claims,
characterized in that the solids coni:aining alkyl groups
are converted into é melt of variable viscosity.

17. Process according to one of the preceding claims,
characterized in that the solids containing alkyl groups
which have been converted into the melt are mixed/stirred -
during the plasma treatment.-

18. Chemically modified solids containing alkyl groups,
obtainable by a plasma treatment of a melt of the solids
containing alkyl Mps, in part:l.cul.a'r according to one of
Claims 1 to 17.



