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4 Claims. (Cl. 204-165) 

My invention relates to a method for improving the 
imprintability of synthetic plastics by modifying their 
surface texture for better adherence of printing dyes. 

Generally, the adherence of such dyes to the surfaces 
of synthetic materials is rather poor, some of these mate 
rials, such as polyethylene, being not readily imprintable 
unless the surface is ?rst subjected to special processing. 
According to one of the known processes, the synthetic 
material, for example in form of a foil, is subjected to a 
high voltage spray ?eld in atmospheric pressure. Such 
a ?eld can be produced by applying a low or high fre 
quency alternating voltage in the order of several 10 kv. 
to the electrodes of an air-gap capacitor with the synthetic 
material to be processed located between the electrodes. 
The improvement of the dye-holding ability thus ob 

tainable is due to the ‘action of ozone ions and probably 
also due to the ions of certain oxygen-nitrogen compounds 
evolving from the electric discharge. The duration of 
the processing period required depends upon the obtain~ 
able ion concentration, an increase in degree of ionization 
in the discharge gap having the effect of more rapidly 
producing the ‘desired result. 
The degree of ionization for a given electrode geometry 

is determined by the magnitude of the alternating voltage 
and the current intensity in the spray discharge gap. Since 
the voltage cannot be increased inde?nitely and the cur 
rent intensity is limited by the capacitance of the device, 
the known processing devices, operating with low-fre 
quency alternating voltage, required relatively long dis 
charge distances for attaining practically applicable proc— 
essing periods, or it was necessary to operate with high 
frequency voltage thus incurring a considerable expendi 
ture. 

Furthermore, the known method and devices are suc 
cessfully applicable only with certain synthetic materials 
that respond to ions producible within normal air, and 
the processing of large-size bodies of synthetic material is 
extremely dif?cult because of the existing technological 
and economical limitations as to size and shape of the 
capacitor electrodes. 

In addition to such limitation in applicability, the known 
devices have considerable disadvantages with respect to 
operational requirements. Since the processing of the 
synthetic materials is effected in air, a detrimental in 
?uence of variations in the humidity content of the air 
upon the desired effect is virtually inevitable, particularly 
in view of the fact that a continuous current of air must 
be passed through the apparatus for avoiding injurious ef 
fects of the ozone upon the health of the personnel. Fur 
thermore, the concentration of neutral ozone in the spray 
type electric discharge is relatively large because at at 
mospheric pressure the ions possess a great recombination 
probability. It cannot be avoided, therefore, that the 
surface of the synthetic material becomes charged with 
neutral ozone gas which is inactive as regards the desired 
result and has merely the effect of impairing the smell 
of the synthetic material. 

It is an object of my invention to improve the imprinta 
bility of synthetic materials by a method and means suit 
able for use in industrial large-scale manufacture and 
free of the above-mentioned limitations and disadvan 
tages. 

10 

15 

20 

25 

40 

55 

60 

65 

70 

2 
According to a feature of my invention, the high ion 

concentration required for the processing can be produced 
in a considerably simpler and more effective manner by 
utilizing the plasma of a low-pressure electric gas dis 
charge. Despite the slight gas pressure, the ion concen 
tration in such discharges can be increased by increasing 
the current density of the discharge up to any desired 
multiple in comparison with the ion concentration attain 
able in high-voltage discharges at atmospheric pressure. 

According to a more speci?c feature of my invention 
therefore, the synthetic material to be processed for better 
dye-holding ability is placed into a vacuum, and the sur 
face of the material is subjected to the plasma of an elec 
tric low-pressure gas discharge. The vacuum may have 
a pressure in the decimal order of magnitude of 1 mm. 
Hg. The composition of the gases in the discharge may 
be controlled or kept constant by supplying the vacuum 
or negative-pressure chamber with given dosages of de 
sired kinds of gas. 
A device for performing the method according to the 

invention may operate, for example, with a low-voltage 
glow discharge of approximately 400 to 500 volts between 
the electrodes, or the plasma may also be produced by 
thermionic cathodes operating with an arc voltage of ap 
proximately 100 volts. The high current densities of such 
discharges permit reducing the processing time down to 
fractions of those previously required. For example, 
when processing polyethylene in an oxygen atmosphere 
of about ‘1 mm. Hg pressure a processing period of only 
One second at a current density of 2 ma./cm.2 is su?icient. 
With higher current densities, a further reduction in proc 
essing time is obtainable. The power consumption in the 
example just given amounts to approximately one-?fth of 
the consumption of a high-voltage spray discharge device 

H of the same through-put per time unit operating at utility 
line frequency (50‘ or 60 c.p.s.). 

Since the processing takes place in vacuum, the charg 
ing of the surface with neutral ozone is eliminated, 
thus also avoiding bad smell of the product. 
The production of the plasma may be effected with 

direct current or alternating current. It has been found 
that a high-frequency alternating ?eld of 1 to 1000 mega 
cycles per second is particularly favorable. Producing 
such a ?eld involves a relatively small expenditure in ma 
terial and space because of the low arc ‘voltages required. 
As a rule, the synthetic material is available in form of 
foils, sheets, tapes or other webs and hence must be 
passed continuously through the negative-pressure cham 
ber with the aid of vacuum locks. This can readily be 
done with synthetic ‘foils of any thickness or width. Ap 
plicable for this purpose, for example, is a vacuum lock 
having at least one pro-vacuum and one post-vacuum 
chamber provided with slots for the passage of the mate 
rial, the gaps remaining between the inserted synthetic 
material and the edges of the slots being smaller than the 
mean free paths of the gas molecules in the spaces that 
communicate with each other through the slots. When 
using such slot-type vacuum locks any sealing means can 
be dispensed with. 
The method according to the invention is also suitable 

for the processing of bodies of synthetic materials having 
any desired shape, because the spacial geometry of the 
discharge can be chosen at will by giving the electrodes a 
corresponding shape. 
The foregoing and other objects and features of my 

invention, the novel features being set forth with particu 
larity in the claims annexed hereto, will be apparent from, 
and will be further explained in, the following with refer 
ence to the drawings in which: 
FIG. 1 illustrates schematically in longitudinal section 
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a processing device according to the invention in conjunc 
tion with its electrical accessories. 
FIG. 2 shows in a similar manner a modi?ed form of 

processing equipment. 
FIG. 3 shows a longitudinal section through another 

embodiment of a device according to the invention suitable 
for the processing of three-dimensional bodies, such as 
bottles or tubes; and 

FIG. 4 is a cross-section along the line IV-—-IV indicated 
in FIG. 3. 
The apparatus illustrated in FIG. 1 operates with a self 

sustaining low-pressure glow discharge for the processing 
of synthetic foils in form of a sheet or tape. The foil 
material 1 passes from the right through a narrow en 
trance slot 2 whose cross-section and axial length are so 
chosen that the flow resistance in the slot suffices for pro 
ducing in the pre-vacuum chamber 3 of the device a de 
sired negative pressure by means of pumps (not illustrated) 
to be connected to nipples 4 located on both sides respec 
tively of the foil 1. If desired, two or more such pre“ 
vacuum chambers may be provided one behind the other. 

Another slot 2a, designed in the same manner as the 
slot 2, connects the chamber 3 with the processing cham 
ber 5 proper, the foil passing horizontally through the 
center of the chamber. Located on both sides of the foil 
1 in chamber 5 are two pairs 6 and '7 of electrodes. The 
two electrodes of each pair are connected to respective 
leads ‘8 and 9 which pass through air-tight seals in the 
chamber wall to the outside where they are connected, in 
series with respective adjustable resistors it) and 11, with 
the secondary winding of a transformer 22 whose primary 
winding is energized from an alternating current source of 
any desired frequency, such as about 50 or 60 cycles per 
second. A double-pole switch 13 permits disconnecting 
the electrode pair 7 in cases where only one side of the 
foil is to be treated. The processing chamber 5 is con— 
nected With vacuum pumps (not shown) that communicate 
with the upper and lower portion of the chamber through 
respective nipples 14. By means of these pumps, the 
chamber 5 is evacuated down to the vacuum, preferably 
0.5 to 1 mm. Hg, required for producing a glow discharge 
between the electrodes of each pair. The voltage required 
for such glow discharge depends upon the negative pres 
sure in chamber 5 and may amount to a few hundred volts, 
for example. 
The device is preferably provided with gas supply 

nipples 15 located on both sides of the foil 1 and on both 
sides respectively of the processing chamber 5. The nip 
ples 15 permit supplying the device with the gas or gas 
mixture that is to be active in the processing chamber 5. 
A supply of oxygen is suitable for the processing of poly 
ethylene, but non-oxidizing gases are also applicable, 
chlorine gas being suitable for most synthetic materials 
other than polyethylene. The nipples 15 are closed when 
no such additional gas is needed. The chamber 5 is con 
nected through another slot 21;, corresponding to those 
described above, with a post-vacuum chamber 16. The 
chamber is preferably provided with nipples 17, which 
permit adjusting the negative pressure in the chamber to 
any desired value by means of a pump. 
By maintaining in the gas supply nipples £5 a gas 

pressure higher than the air pressure existing at these 
respective locations of slots 2a and 2b, the ingress of 
atmospheric air into the processing chamber 5 can be sub 
stantially or fully prevented if this is required for best 
processing results. In this case, and in the absence of 
oxygen, it is also possible to use, instead of the alternating 
current energized, self-sustaining low-pressure glow dis 
charge, a low-pressure arc discharge as is illustrated in the 
modi?ed device shown in FIG. 2. 
The device of FIG. 2 is to a large extent similar to that 

of FIG. 1, the same reference numerals being used in both 
illustrations for similar components respectively. How 
ever, the device shown in FIG. 2 is provided with two 
thermionic cathodes 13 and 20 cooperating with respec 
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1% 
tive anodes 19 and 21. The cathodes IS and 26 are 
connected by leads 22 and 23 with a transformer 25 for 
heating the two cathodes from an alternating voltage 
source. The leads 22 and 23 pass through gas-tight seals 
in the walls of the processing chamber 5. The anodes It? 
and 21 are connected by respective leads 3 and 9 through 
adjustable resistors it} and ill with the positive pole of a 
direct-current generator 24 whose negative pole is con 
nected to the cathodes 16 and 26. A switch 13 permits 
disconnecting the lower arc gap if only one side of the 
foil l is to be treated. The voltage between each cathode 
and anode may amount to a few hundred volts depending 
upon the gas pressure in the processing chamber 5. 
The device illustrated in FIGS. 3 and 4 permits the 

processing of such bodies of synthetic material as bottles, 
collapsible tubes and the like. The device comprises a 
housing structure 31 which forms a vacuum chamber in 
its interior and can be closed and vacuum-tightly sealed 
by means of a front door 32. Located between the side 
walls of housing 31 are two insulating plates 34‘ which 
are provided with parallel longitudinal grooves 40 for the 
insertion of metallic electrodes 33, preferably consisting 
of planar metal plates. The electrodes 33 engage respec 
tive contacts 36 mounted on vertical connector strips 35. 
The contacts 36 supply the electrodes 33 with electric volt 
age whose polarity changes from plate to plate. The volt 
age is applied to the contacts 36 through leads 41 passing 
through vacuum-tight seals in the rear wall of the housing 
structure 311. During operation a glow discharge is main 
tained between the electrodes 33. 
The electrodes 33 are preferably designed as perforated 

plates for facilitating the evacuation of the processing 
chamber. However, the electrodes 33 may also consist 
of Wire mesh, grid-shaped gratings, or of non-perforate 
plates or sheets which need not necessarily be planar, but 
may be given any desired shape corresponding to the 
shape of the material or bodies to be processed. If neces 
sary, the electrode plates may carry inserts of any desired 
shape (not illustrated) corresponding to the shape of the 
bodies to be processed, the inserts ‘being in electrically 
conducting connection with the electrodes. 
The spacing between the electrodes 33 can be adapted 

to the size of the bodies of synthetic material to be proc 
essed, by inserting the electrode plates in properly chosen 
grooves 4%) of the insulating plates 34. The bodies to 
be processed are placed upon the electrode plates, or are 
held by means of inserts or parts placed upon the electrode 
plates or suspended therefrom. The vacuum pump (not 
illustrated) for evacuating the processing chamber in 
housing 31, can be connected to a nipple 37. The device 
is further provided with a valve 38 for admitting atmos 
pheric air, and with a pressure measuring instrument 39. 

If desired, devices according to the invention can readily 
be automated by providing them with electric and vacuum 
responsive sensing means for automatically controlling 
the pumping operations, the starting of the glow or are 
discharge in dependence upon the vacuum pressure, and 
the subsequent ventilating of the processing chamber. It 
will also be apparent to those skilled in the art, upon a 
study of this disclosure, that devices according to my in 
vention may ‘be modi?ed in various other respects and 
hence may be given embodiments other than those particu 
larly illustrated and described herein, Without departing 
from the essence of the invention and Within the scope 
of the claims annexed hereto. 

I claim: 
1. The method of improving the dye-holding ability of 

synthetic plastics, which comprises placing the synthetic 
material in a vacuum and subjecting its surface to the 
plasma of an electric low-pressure glow discharge of a 
few hundred volts. 

2. The method of improving the dye-holding ability of 
synthetic plastics, which comprises placing the synthetic 
material into a vacutun chamber having a pressure in 
the decimal order of magnitude of 1 mm. Hg, supplying 

— 
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a non-oxidizing gas to the chamber while maintaining 
said pressure, and subjecting the surface of the material 
to the plasma of an electric low-pressure glow discharge 
of a few hundred volts. 

3. The method of improving the dye-holding ability of 
synthetic plastics, which comprises placing the synthetic 
material into a gaseous atmosphere having a pressure 
in the decimal order ‘of magnitude of 1 mm. Hg, and sub 
jecting the surface of the material to the plasma of an 
electric self-supporting glow discharge of a few hundred 
volts. 

4. The method of improving the dye-holding ability 
of synthetic plastics, Which comprises placing the syn 
thetic material into a gaseous atmosphere having a pres 

10 

6 
sure ‘in the decimal order of magnitude of 1 mm. Hg, and 
subjecting the surface of the material to the plasma of a 
thermionic arc discharge of approximately one hundred 
volts. 
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