Pfocess for the chenical nodification of solids contain- ing alkyl groups.
The invention relates to a process for the chem cal nodification of solids
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al kyl  groups I's Known

for exanpl e pol squg ixes, can be used in nany fields. Use, for
exanpl e, as cog¥gtg ngqé ‘hot-nmelt adhesives etc., is possible. For

the processability of the sol i ds cont ai ni ng al kyl groups in the nost
varied fields of use, these solids nust be nmixed with certain additives
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multiplicity of possible fields of application, a conprehensive uniform

use of the sol ichenicall modifdcaltipn ¢fosplids tbrsaiapngsabkel groups,
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fields. Use, for example, 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 achiéved.-waever, it is a disadvantage in
this case that an add:tlonal aftertreatment must be
performed, the applicat;on of which is possible only to
a restricted extent.bwing"tb the provisian of a high-

voltége plasma unit for the finished product.



perfornmed, the application of which is possible only to a restricted
extent owing to the provision of a high- voltage plasma unit for the
f tni shed product. -2 - -2- The obj ect
therefore underlying the invention is to'create a process of the generic

type by which a chem ggl gBﬁEEECEﬁhQQfBLesﬂﬁ&Qélfﬁﬂba{:ﬂ&Rzg%gﬁil&oﬂf’E’Hltof]e

is possible in a sinple an nexpensi ve manner ng to
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groups to tenperatures above their nelting point and subj ing themto a
pl asma treat reghemicall mo@ifientiondof g¥Did) dditd ihikly G¥kyDugpoapsngl y,
It was found that owwing to the conversion of the solids containing alkyl
groups into aisepbsadblehdnr apsimplet andt dnekpeasived manaeron of naterial
properties can be specifically induced wwthin the solids containing alkyl
groups. Owing to the c@scordingi ohoi nthea imventionual thisi vebjeahd is
quantitatively higher grade chem cal nodification may be_achieved. In
particul ar, byafBifyedi by eeptingthe aalida contajaing alkyl greups| tes
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adj usting a vi §90%kGY +of 10" SHE! tsﬁqg:ligingly, 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-



parameters of the plasma treatnent. In an advant ageous devel opnent
of the invention it is provided that the plasma treatment is carried out
with alternating frequencies, preferably wth conbin- ations of different
alternating frequencies. Thus, the plasmd treatnent can be carried out
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alter- nately selectab
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frequencies, and conbinations of frequency selections resulting therefrom
By this means, colibiffeibnal oflidduetidy Beledtiball Yesallv fAg AEO S Yok e

matched to the different chemcal structure of the solids containing alkyl
groups used anBy tthidemeanapl i thei cthépiddl mddiifdalatiom f cant ikighly

In a further advantageous devel opnent of the invention, it is provided
that the pl asnadvantagenusly ber madthad ot htheppdifbérent | edsémixwl i nert
gas, for exanple heliumand/or argon, and/or with supply of at |east one
reaction gas, 8&ruekunpl efotheeroliids orontaining rlkyl tg¥eups used and
preferred if the g#girra treatment is carried out_in succession with an

inert gas plashf Tt appéggftﬁﬂg bP¥atheophemical madifhartion. reacti on

and one reaction gas. B choBUPRBeE cefprRtadecut, valtensas oo g O
during the pl agnBeht£8h ™4k 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



(inert gas, reaction gas, reaction gas m xture) which is matched to the
solids which contain the alkyl groups and are to be nodified, it is
possible to incorporate, to a sufficientjextent, the reactive groups
necessary for the chem cal nodification, "for exanple hydroxyl groups,

car boxyl groupgarlp‘gg[l%{)éé‘r%(;}g,szecgﬁg@ﬂr?mmﬁog.g.gugg’\t OcﬁhQir%Jiﬂ t he

solids containing a ps. ese ncor por a roups are able to
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bonds and/or to adhere physically. Further polar, but unreac- tive groups

whi ch can be i|g&DsPog Bl IgloupsiByEconverting the solids containing - 4-
carbonyl groups, tertiary am no groups, can li1kewise effect a

modi fi cati on ialpybpgricupe ointde thel isleltpna trelatigedyk HompgeneousBy
converting the solids containing alkyl groups into the nmelt, a relatively
honmogeneous moodifieation obft Hhe obolisdsocoaitaingng aldkyk ogpoups is
possi bl e by nmeans of the reactive or unreactive groups incorporated during
the plasna trcpesghple by meanshefhethe speactivedonf vareagtiyves greups
treatnent thus has a relatively honogeneous distribution of reac- tive or
unreacti ve gr olpROTPeTRbed cduping the RIAsHa txeapeRtextent of the solid
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specific appl IE&'&& Ofss & ];:gi&@(i:’.{reigbigggsgheghsah%'%&ibution 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 invenﬁion 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 mpdifiéatiog of the solids containing alkyl

groups can be matched precisely to a specific iapp-



no | onger being necessary. The adjustnent of the solids cont ai ni ng al kyl
groups to their special application can be performed in a sinple manner by
the plasma treatnment according to the inyention of a melt of the solids
cont ai ni ng al kyl groups. In a further advantageous devel opnent of
the inventiongspbeyggProvided that the solids containing alkyl groups are
adm xed prior to the plasma treatnent wth solid and/or liquid reactants,

auxiliaries.and additipyesg EK#% [ ﬁ?ﬂy | Y edbedlharies
“and additives can pref !er}éa§bfy a slg&te adm ﬁf%d()sqt&ﬁgtfﬁgﬁ%?g gt%e SO :I£d8
contai ni ng al kihgOalkps . gRYup® aie Yorvirted Anite theanldi ti P16t €81 the
reactants or substances, the chem cal nodification of the solids
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-5- lication. It is further advantageous if the solids contain-
ing al kyl groupeparatedyveifcapprnopriatenadniypedowitlh tie redctsamts or
treatnent. As a result, the nelt can be generated separately, if
appropri at e adanxddiarimet and cadddtivesr andxithen | eubjedtaddi toveshand
then subjected to the plasnma treatnment. By this nmeans, the process steps
of generati ngPlABSApGretmemt .s BY dShésnmgiameng thaypPrgreass steps lt¢f§ .
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and the plasma 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



being able to be optim zed separately, that is can be matched to the
specific solid containing al kyl groups. -This substantially avoids
i.nteractions between the two process steps. This is advantageous, in
particular, if the solids containing alkyl “groups have different nelting

! . i1 the solids containing al i |
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during the plasma treatnent, that Is, therefore, sinultaneously. This
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solids containing al kyl groups, to be begun before they have been fully
heat ed above tihent iftd ithe solfidsatoheainBugt Alkybamsupd dtediffering
advant ageousl y possible to stop the process step of conversion of the
solids contai nimgensities in different spatial ar@as abKylthe owsdiidhto
their melt at a point in time at which not all _of the_solids containing
al kyl groups Heemtginingecakkylqgroups. Rhush saftenssolidifigation &f
unreactive groups can be incorporated by nmeans of the plasm treat- _ nent
into the sol i dsbe el niFRLiA%K FoRkiping alkyy gronps mawhe @chdeved

different Spatvlwlﬂcgrﬁg\sreoan Qggcs:oglel gifferent chemical 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 gr.oups available as start-
ing materials are prepared. The solids containing alkyl
groups can be ﬁreent 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



contai ning al kyl groups. Thus, after solidification of the nelt, solids
contai ning al kyl groups may be achi eved which have undergone different -
chem cal nodification in different areas., _ Furt her advant ageous
devel opnments result fromthe renmaining features nmentioned in the

bcl ai ns. Theal Lan | sc'&%b [ ailsedn -
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ification of a solid containing al kyl groups and Figure 2 shows
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t he process. Figure 1 is intended to clarify the process
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contai ning al kyl groups available as start- ing nmaterials are prepared.
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granule formor as shaped articles. In the process step 10, the solids
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to a heat source, so tha}. thﬁfe are cqnverteciirito a melt. During the
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' a first treatment with an inert gas plasma, 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



can be perforned either prior to the nelting, during the nelting or after
the nelting. In a next step 12, the process gasses and process
paraneters desired for the plasma treatnegt _of the nelt are set. In this
case, in particular the specific com binations of the process gasses are
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preferably w el um an /or argon, and t he subsequent treatnent wth a
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treatment with a plasma which is generated froma mxture of the
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process conditions set in the process step 12. It is

conceivable in this case that, during the plasma treat-
ment, the process parameters can be modified and/olr
adapted, for example by a controller. Furthermore, during
the process step 14, the melt can _Se mixed or stirred. By
this means, a more hohogeneous 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



-8-  takes pl ace is established. This is, for exanple, between 5 seconds
and 15,000 seconds. Said process parameters and process gasses can be
varied in any conbi nati on anong one anq;@pg and are matched, in
particular, to the com position of the respective solid containing alkyl

groups which p3qaetedl b¥1PasSEMtaining al ﬁdgrg%%%eﬂusagpg{aggﬁéscéﬁep 14,
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or injection device and/or a device for producing com-

posites. The direct further processing of the chemically
modified ﬁelt 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



further processed. This further processing can conprise, for exanple,
solidification of the nelt. The chem cally , '

-9- nodified solids containing al kyl gr s_then present can, for

exanpl e, be granul ated, conpressed to form defined shaped articles or
processed in o r Y Lo reel e h jcal ly
nodi fied nelt %gs Fﬁ?t %erfépgr%éc%ﬁg spr+’%r btgggtgﬁ‘ggglgﬁlhéi Pﬁ'%%hatgnec#gﬁg can
be perfornmed, fopsedafRts. thy Feaktol 22N Th HMiEfticH) tHY _e:%d&!bm;.?" ng
machi ne, a shock cooler, a mxing unit for producing solutions,
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a spraying - or injection device and/or a device for producing com -

posi tes. The dgreupsi uThecrreacimss22g cain the sealbedahermeticdiallilyd nesd t
avoi ds the need for otherw se necessary internediate steps, for exanple
the solidificathabh ansracuumekcannbengesesatedpinoan dotenivcsr 30 mfstheg.

However, in the context of the present description, details of a further
processi ng of rRackedi 3%d With setaids thepe nofndbeingdfnsthes! canry.
Figure 2 shows d¢iagrammatically a unit for the chem cal npdification of
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groups to be nBQL-LB@QVeTBfaLﬂLe&xcitation 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



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 inl et poELtLL 26 can have a plurality of part-
inlets, which are not shown here, via whi'Ch“either an inert gas, a
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treated solids containing a groups. The reactor 22 can be sea

hernetical ly, _emmgtm_t ap?@wgmea%h_heraaa%et ed.i fhansbiidki 86n8RiAL the
reactor 22, with detail s here not being further con- sidered. An el ectrode

32 projects inng t BRkil! egieips0. canhiiph ehest reédsei e opilesdnity afor
generator 34 for the mcrowave plasna excitation and to a high frequency
feed 36. The exampilegdas3granulea;spowder arpelsal asyrelapively daeger odes,
with one being able to be designed for the microwave plasnma excitation and
one for the hishaped-articlesy. f Thd. ifiterdibaps bf of hshel amactitr 322 cis be,
for exanple, rod-shaped, spherical, half-shell-shaped etc. In addition,
an agitator 3&hen sxnaasdl to thernak snergro. forhexymplatby msaps of vy

present optionally, so that its presence is not necessary for fhe. chenical
modi fi cati on aachFHiﬁg tQF t e nPukeForfett ¢ S noP¥, ’P?I%“? e&é ofB38  can

b.e heatabl e, (ilietaq'ﬁ.rngv,. hlet Sso 'itclesr c%g%lalinﬁ.%goralwy.al tgrzlgups charged into
the interior 30 are heated above .tl;eir mqlting point, so
that a melt results in the interior' 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 t';his 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



éﬁitator 38 whi ch can have the correspondi ng heating el ement s.

The arrangenent 20 shown here is only exenplary

ot.her suit abl
i nvention can
performs the
reactor 22 is
to a _

still in thei

present, for

and can be repl aced by any

e arrangenment by neans of_%igch the process according to the

be carried out. € unit 20 shown in Figure 2
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exanpl e, as granul es, powder or else as relatively large
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results in th
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30 are heated above their nelting point, so that a nelt
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According to a_further process varignt, the agit

cBearthonsgaghapd/AE RE| theemipture,pf; (the, Sag and

reactor 22 mﬁthhn t he gnterior 30.
) t

e 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 requires for this purpose a heat source which is

40.

at or

suitable for being able to expose the melt during treat-



After the solids containing al kyl groups have been converted into their
nelt, a plasnma treatnent of the nelt is carried out by neans of the
el ectrode 32 with sinultaneous feed of g qprocess gas via the inlet port
26. The electrode 32 can in this case béTalternately excited wth

different fre i £5. t b r Ll I £ i tely -
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appropri ate, tmﬁéfﬁf&%& A e 18SIRIY 3,&dﬁpf the respective el ec-
e

trodes being coup to the generator 34 and the other to the high

frequency feed 32. Thegsrlidd'®d BetBerACHLEceds wiFidct Y thid tmelto&ESS gas
fed via the inlet port 26 |leads, in a known manner, to the formation of a

pl asma Wit hi elide siolidisi OtoBfabhihdge aldal ogrddpsA vani A8 egenerated

- 12 - plasnma depending on the conposition of the process gas is _
gener at ed. | n separateky igi thoresmel nbichyds themecdatroducgds intonitheur e of
an inert gas and a reaction gas or corresponding plasmas can be fed to the
reactor 22 vi readkor n22t thoeughca Ewitahle inket 2Bort. jASkgRePlasmduch a
way that the feed of the inert gas and/or of the _ reaction gas and/or of
the ni xture oft¥eRFMeRt tofkhe felt Haas heenroragaies, okt kBigoVie88Sdndi ng
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periods of di qneiee@tptlsze@géb’agéféﬁéegatlet 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 .. on 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 cl_l.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



"anounts of each process gas required or of the corres- ponding plasms can
be fed to the reactor 22. After the plasma treatnent of the nelt,
has been conpleted, this nelt is renoved, fromthe reactor 22 via the
outlet port 28. In order -that the nelt does not solidify during the plasna

treat nent and BiIrbeogbs Eﬁ%ﬁ?s Q?ﬁ.(ra Q%Eﬁétlfa? ! A(?Pidﬁ' eﬁBnEQ?fz?ﬁgC %P-Muecj

during the plasna treat xiting fromthe outlet™p 28 can

then be fed t GAUPEICT e REREPS U UsOL1d M 82! HH  mel EOVANY . réufiov ity CRREEXL Of
the present description, this possibility is not to be considered further.

Accordi ng to arexyed geless variant, the nelt of the solids containing

al kyl groups is generated outside the reactor 22. The nelt is therefore

generated externally Im a sepeallifécdecexampiag charigesin N BEhi wasd a0 i nto

the interior 30 of the reactor 22. The reactor 22 nerely requires for this

purpose a heat (EQRGERAT MWisc Antrodugedads crdwdebainkp shmolids Theobeight nel t

during treat- L - 13 - nment to heat energy

sufficient so2hdhe Povder diayery withipe theymeldodecappropimatedypdi nt .

According to third rocis‘i variant, the pelt of the solids containing

al kyl groups cafe drotd s Sthep Jintyoduced, iutke| a\heakipg pppAT-

I ntroduced intQ.the o reactor .22 t&rou h a sui,t abl ing t port. After plasm

treat ment of t%él%elﬁomaemé‘lﬁ & C8at ,anflhﬁgagggs ﬁerg to' temper- |

' atures of approximately 160°C. By this means, the PE wax

is heated above its melting point. The mold remains in
the furnace until the PE wax is completely 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 having 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 generates 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 the 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 treatment is carried out for 60 seconds

with a high-frequency excitation and for 60 seconds with



"can again be renmoved fromthe reactor 22, so that the inlet port 24 and
the outlet port 28 can be omtted. By neans of this variant, the structure
of the reactor 22 - can be optim zed excngglvely to the generatlon of the

pl asma. According to a further de of operation, it is

concei vabl e t BPSE?&&L“&& Pén?%«i&éac*l& 995!“1:'11'&50!% % %"H’H Lple.

That is, sol | contal ni n roups cont i nuous via t i nl et
port 24, whicheagkida ?adeﬁﬁ&d' &&mfsfae wtﬁigﬁJmﬂe&éye 1&2 are
al ready present as nelf or are converted into a melt thin the react or

22. The melt §BepapE€e@nbutStbheso §é@¢@&§%&%tmf&m dxeptd®Idn W t hi n
a section of the reactor 22 designed for the plasm treatnent and then

renoved via the edrktedpout Fdr 60 secondBle Tha ieditiny qulaasima afxedts f or
plasma treatment of a nelt described here are nerely exenplary. It nust be
made cl ear, tmenttbf kbeumelst oficthecPBf waxubhts2Daébe 300r sgcagdsut t he
process accordl ng to the invention can be highly variable. The critical
factor is that the s3fter cempdietiion apfylther arbasma c trentaentd the a
melt prior to the plasma treatment. The unit 20 nerely needs
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either as sol |adwoarx pla is r}do VI‘Pﬂ:.;h%axt rp gt?ed ﬁEs 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.



fFn a specific exanple, a knowmn PE wax 720 (HOECHST) is introduced as
powder into a nold. The height of the powder IayW
approximately 3 - 4 mm The nold is then jntrodu eati ng appar -
atus, for exanple a furnace, and heated tfere to tem 5

|

i

approxi matel y rq]lg @ this nmeans, the PE wax
nmel ting point. 4ene"'rm) remains in the furnace unt \R/ax is

conpletely nolten. The nold containing the PE wax present |n anmelt is
then introduced into the reactor 22, this reactor having neither the

inlet port 24,3fhe outpficdtitf (€68 BRE chemiddL! lodifsBation of sdlidy n the
reactor 22, the nelt of the PE wax is subjected to a plasma treatnent

having the folésddithing @Iyl @FoapBl cEharacterized Aprilots thy asslids of
0.7 nbar is set. The power of the high frequency feed 36 is 600 W and the

power of the gonmiating H Kyl gromps ara\heated italtenmperatiirE0 dovelhe
generator 34 generates a frequency of 2.45 GHz and the high frequency feed
36 gener at es athedonmeldingf podntcandieubjecied ito Acplasmantreatment dmo t he
interior 30, a high-frequency excitation being performed for a tine
period of 30 skcErREIeReY Fapger Swnamel@ deHz &9 P lﬁﬂ%g performed for 30
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seconds with the plasma treatment is carried out at a constant
| frequency.

3. Process accord_ing 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



“"a nmicrowave excitation. Nitrogen is then fed as a_further reaction. gas
and, |ikew se, a high-frequency excitation is carried out for 60 seconds

and a microwave excitation is. carried o t, for 60 sletﬂﬁlu(lwﬁl!giumt
plasma treat- nent of the melt of the” P wax t hus 1l&hs

After conpleti gg g@f oggergg té@é\t ment, the nelt Is Teroved fromthe
reactor 22 an coole sot a Wax platelsforrred This wax plate has a
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effected by a structural change during the plasna treatnent. By neans of

the treat ment dharBcteeigeachbgsagidaltiraatiiag (plasia J6seataai®, wicncaton gas
pl asma) oxygen- and nitrogen-containing polar groups were incorporated

. into the nelt le@stngre fhertngaspplasma; odttleapt| ane greapkiom ghs wax
melt, the PE wax after solidificatioon exhibits a structural change.

This struct ur plasmangadi atmieasss coe, tiatureawt apl dneyy gasiixegotiant he
surface tension values of the resulting wax plate. By applying test inks,
it was denmpon@@SaPdas®Rat surface ten5| on val ues between approx- imtely
28 mMN/' m and approxi mately 41 miN m ye resent on_ the top,of theigsate
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pl asma treat
admixed with solid and/or liquid reactants, auxiliaries and

_additives prior to and/or during and/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



resulting local differences can ‘be nininized as nentioned bﬁ m Xi ng

the melt during the plasnma treatfent. ~ Patent d a“ I I" “l IIJ ul
Process for the chem cal nodification of,golids containlik nJaupE
characterized in that the solids containing al kyl groups are heated'to
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in a frequency range from 10 ess according to
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constant frequency. 3. Process according to,oné of the precedi ng
claims, char ehatactedizedt int thiet ghes#@@liasacoRthihingaalkfl gebupal
alternating frequencies. 4. . Process according to one of the preceding
clains, char areechnedrtedtinto tdamgltanifavaréablenvissosittyi ed out with
conbi nations of different alternating frequencies. 5. Process
according to dde of tRyopeescacegrding ney omshafadther prededdnghalatine, pl asma
treatnent is carried out wth sugpltﬁ of at |east one inert gas, for
exampl e hel i uFPagagrerizedoin tha epsgddds govbainimgt alkyd gtoube
precedi ng cl ai ps, haracterized in that the plasm treatnent is carried
by

out with sup Ve Reer copverted iR ddie melteaxe)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.



oxygen and/or nitrogen and/or- nononers. 7. Process according to one of
the preceding clains, characterized in that the plasma treatnment is fed
succes- sively with at | east one inert gas plasna, at |east one reaction
gas plasma or a reaction gas m xture plasna or with supply of a m xture of
at | east one inert gas and at -17- |l east.
one reaction gas. 8. Process according to one of the preceding
clainms, characterized by an alternating pl&shh treatnent with at | east
one inert gas plasma, at |east one reaction gas plasnma and at | east one

m xture of an inert gas/reaction gas plasm. 9. Process according to
one of the preceding clains, characterized in that the solids containing
al kyl groups and/or the mol ten sol i ds g al kyl groups are adm xed
with solid and/or liquid reactants, an|Iiaries and qﬂdltlves prior to.
and/or during and/or after the plasma} treatnentf %6 Process '
according to one of the preceding clains, fcharacterized in that
conpounding is performed prior to and/or during and/or after the plasnm

treatnent. 11. Process accordinglto one of {the pr§ceding cl ai s,
characterized in that blending is performed prig d/or during and/or
after the plasma treatnent. 12. rOCEY according to one of the :

precedi ng cl ai ns,
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.characterized-in that the plasma treatnent is car ;Se@'ﬂ’gi:f? s padbesh I
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precedi ng cl ai_m;, characterized in.that the duration of the plasma ,
‘treatnent is between 5 seconds and 15,000 seconds. 14. _g Proces@mps
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(57) Zusammenfassung

mmmmnmv«mmmchmmmmnmmdmmmmﬁmmm Es ist vorgesehen, daB
die alkylgruppenhaltigen Feststoffe auf Temperatoren oberhalb ihres ktes erwiirmt und einer Plasmabehandl in ei
Frequenzbereich von 10 kHz bis 10 GHz unterzogen werden. Schmelzpum oe T eem




