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[57] ABSTRACT 

In order to efficiently irradiate a flowable material 
with high energy electrons, a hollow body is disposed 
in a container for the material and the material is 
caused to flow in the form of a thin layer across a sur-
face of the body from or to the interior of the con-
tainer while the material flowing across the body sur-
face is irradiated. 

2 Claims, 5 Drawing Figures 
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HIGH ENERGY ELECTRON IRRADIATION OF 
FLOW ABLE MATERIALS 

BACKGROUND OF THE INVENTION 

The present invention relates to the irradiation with 5 
high energy electrons of flowable material in a hollow 
body, the flowable material being in the form of gran-
ules, powders, or more or less viscous liquids. 

U.S. Pat. No. 3,133,828 discloses a paint spraying de-
vice for automobile bodies in which the automobile 10 
bodies are on a conveyor belt and initially pass through 
a spray chamber and then a heating chamber. The paint 
sprayed onto the bodies is irradiated with electrons be-
fore the spraying process. For this purpose, a Van de 
Graaf generator is provided which includes an electro- 15 
static transmission generator and an acceleration tube. 
The acceleration tube opens into a magnetic deflection 
system which is in mechanically fixed connection with 
a so-called scanning horn. The electrons exit through 
the exit window of the scanning horn and impinge on 20 
a tube which is flattened in the irradiation region and 
which mechanically connects a pairit reservoir with the 
spray nozzles disposed in the spray chamber. The entire 
device results in the paint liquid being irradiated with 
electrons only very shortly before application to the au- 25 
tomobile bodies while it flows through the flattened 
tube. 

One drawback of this system is, however, that the ir-
radiation device and the associated shielding require a 
relatively large amount of space. 30 

S U M M A R Y OF THE INVENTION 
It is the object of the present invention to reduce the 

space required for an installation for irradiating flow-
able materials such as liquids, granulates, powdery sub- 35 
stances and more or less highly viscous media with high 
energy electrons. 

Another object of the invention is to permit a high 
material output to be achieved in a system which is as 
compact as possible. 

These and other objects according to the present in-
vention are achieved by disposing a hollow body in a 
box or container, which serves as a collector for the 
product to be irradiated and by providing: a mechanical 
arrangement which causes the product to be irradiated ^ 
to flow out of the box via the inner or outer walls of the 
hollow body and delivers the irradiated product to a 
container, which may be the box or an additional con-
tainer. An irradiation device is disposed within or out-
side of the hollow body for irradiating the product whi-
lel while flows along the walls of the hollow body. 

In apparatus according to the present invention, the 
hollow body is a funnel disposed in a box so that the top 
of the funnel is lower than the top of the box. The bot- 5 5 
torn of the funnel is provided with an exit opening and 
is mechanically permanently connected with a dis-
charge pipe passing through the bottom wall of the box 
in a liquid-tight manner. The box is connected, via a 
pipeline and a pump, with a reservoir containing the 6 Q 
product to be irradiated and the pump pumps exactly 
the right amount of product into the box so that the 
product runs down the inner surface of the funnel walls 
in a continuous, uniform stream. 

In a further embodiment of the present invention, a 6 5 
hollow body is mounted to be rotated about its vertical 
axis and is disposed in a box so that the tip of this hol-
low body is lower than the upper extremity of the side 
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walls of the box. The box is connected with a discharge 
pipe and the hollow body is connected in the region of 
its bottom with an input pipe which passes through the 
bottom wall of the box in a liquid-tight manner. The 
product to be irradiated can be fed to the hollow body 
via the input pipe and, due to the centrifugal forces 
produced by the rotation of the hollow body, the prod-
uct to be irradiated flows up the inner walls of the hol-
low body and pases over the upper edge of the hollow 
body into the box. In this device, it is advisable to cover 
the box with a lid. The rotatable hollow body may be 
of conical or cylindrical form. In the case of a conical, 
or funnel-shaped body, its walls diverge upwardly, i.e., 
its large diameter base is toward the top. 

A further embodiment of the present invention is one 
in which the hollow body is a double walled funnel or 
cylinder which is permanently mounted in a box. The 
box has a discharge pipe and a pump pumps the prod-
uct to be irradiated through a pipeline into the hollow 
chamber formed between the two walls of the funnel or 
cylinder to flow from top to bottom, or vice versa. 

Also within the scope of the present invention is a 
funnel which is arranged in a box with its tip, or small 
diameter end, pointing upward and in which the prod-
uct to be irradiated can be pumped through the interior 
of the funnel from the bottom to the top, passes out of 
the funnel top opening, and is irradiated with the aid of 
an irradiation device while it flows down the outer walls 
of the funnel. 

In a further embodiment of the present invention, use 
is made of an irradiation device having either a circu-
lar, rectangular or linear electron discharge window. 

An advantage of the present invention is that, due to 
the simple, compact and space-saving construction of 
the irradiation devices, these devices can be shielded 
relatively easily and provide simple and dependable 
product guidance. 

A further advantage is that it permits the material to 
be processed at a high volume flow rate. The use of an 
irradiation device having a circular, annular electron 
exit window will result in about three times the electron 
beam exit output with the same space requirement as 
when an irradiating device with a rectangular or linear 
exit window is used. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an elevational, cross-sectional view of one 
preferred embodiment of the invention employing a 
funnel-type device permanently mounted in a box and 
an irradiating device having a circular, annular electron 
discharge window. 

FIG. 2 is a view similar to that of FIG. 1 of an em-
bodiment employing a funnel-shaped device rotatably 
arranged in a box and an irradiating device having a cir-
cular, annular electron discharge window. 

FIG. 3 is a similar view of a portion of a further em-
bodiment employing the rotatable funnel of the type 
shown in FIG. 2 and an irradiation device which has a 
rectangular or linear electron discharge window. 

FIG. 4 is a view similar to that of FIG. 1 of an em-
bodiment employing a double-walled funnel-device 
permanently mounted in a box and an irradiating de-
vice having a circular, annular electron discharge win-
dow. 

FIG. 5 is an elevational, cross-sectional view of an 
embodiment employing a funnel-type device being 
open at both ends and having its smaller-diameter 
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opening directed upwardly permanent ly mounted in a 
box and an irradiating device having a circular, annular 
electron discharge window. 

DESCRIPTION O F T H E P R E F E R R E D 
E M B O D I M E N T S 

In the embodiment shown in FIG. 1, a funnel-shaped, 
or conical , hollow body 1 is mechanical ly, fixedly and 
permanent ly mounted in a box, or container 2. T h e 
neck of the funnel defined by the hollow body has an 10 
opening and is mechanically permanent ly connec ted 
with a discharge pipe 3, which passes through the bot-
tom 4 of box 2 in a sealed liquid-tight manner . A pipe 
5 which is connected via a pump 6 with a reservoir (not 
shown) for the product 7 to be irradiated opens into the 15 
lower region of box 2. 

The product 7 may be a liquid, a granulate, a powder , 
or a more or less highly viscous, still f lowable medium. 
With the aid of pump 6, the liquid level in box 2 is kept 
constant , i.e., pump 6 pumps exactly the right amount 20 
of p roduc t 7 f rom the reservoir into the box 2 so that 
the p roduc t 7 flows down the inside surface 8 of funnel 
1 as a cont inuous s tream having the form of a sheet of 
uniform thickness. In order to assure this form of con-
tinuous flow of the produc t 7 f rom funne l 1, a fur ther 25 
pump 9 is provided in the discharge pipe 3 . The dis-
charge pipe 3 may lead either to the box 2 which serves 
as the reservoir or to an additional container . In the 
first case a simple mass of material would be irradiated 
a plurality of times. This is advisable, if the irradiation 3 0 

device 10 is only suitable for low electron beam out-
puts, because in this way the whole material can be 
completely irradiated. The irradiated material can be 
conveyed away f rom the t rea tment appara tus with the 
aid of a fur ther pipe, which is connec ted via a chock 
with the discharge pipe 3 (not shown) 

The produc t 7 is irradiated with the aid of an irradia-
tion device while it flows down the inside 8 of funnel 
1. The irradiation device 10 may be an electron deflec-
tor horn which is suitable for high electron beam out- 4 0 

puts. 
A suitable known irradiation device which could be 

employed is described in the journal " P V P June 1967; 
Curing Coat ing By Electron I r rad ia t ion" 

The electron deflector horn has an electron accelera-
tor 11 including an electron source and an electron de-
flection system 12 which, by means of superimposed 
magnetic and/or electric fields, directs the electrons to 
an electron discharge window 13 which separates the ^ 
vacuum chamber of the electron accelera tor f rom the 
ambient a tmospher ic pressure. T h e e lect ron discharge 
window 13 is designed in the fo rm of a circular ring, or 
annulus, and is mechanical ly fas tened to the electron 
horn without the aid of auxiliary supports . 5 5 

Instead of the above-described electron def lec tor 
horn, it is also possible to use an irradiation device hav-
ing a rectangular or linear e lectron discharge window, 
as described for example in connect ion with the em-
bodiment illustrated in FIG. 3. 6 0 

In the embodiment shown in FIG. 2, a funnel 14 is 
disposed in a box 15 and is mounted to be rota table 
about its vertical axis. T h e neck of the funnel 14 has an 
opening and is mechanical ly permanent ly connec ted 
with a tubular support 16. The tubular suppor t 16 is ro- 6 5 

tatably mounted in an input pipe 18 with the aid of a 
liquid-tight joint 17. T h e tubular suppor t 16 passing 
through the bot tom 19 of box 15 is a liquid-tight man-
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ner. A drive wheel 2 0 is fastened to the tubular support 
16 preferably outside of box 15 and is driven via gear 
21 by a motor 22. The drive wheel 20 may be an out-
wardly toothed ring of teeth and the gear 21 may be a 
pinion permanent ly disposed on the shaft of motor 22. 
The wheel 20 can be fastened to the tubular support 16 
with the aid of screws or fea ther keys and grooves. The 
liquid-tight joint 17 can have a thrust ball bearing, 
which is lateral conducted and sealed 

In order to irradiate the product 7, the drive system 
consti tuted by motor 22, gear 21 and drive wheel 20 
causes funnel 14 to undergo a constant speed rotation 
about its vertical axis. At the same time, a product 7 is 
fed into the bot tom of the funnel via input pipe 18 and 
tubular support 16 by means of a pump 2 3 which is dis-
posed in line with pipe 18. Due to the centrifugal forces 
produced by the rotation of funnel 14, the produc t 7 
rises on the inner walls of the funnel , passes over the 
upper edge of the funnel and then enters into box 15 
proper . The irradiation takes place as the product 7 is 
rising along the funnel wall and is effected by an irradi-
ation device 10 which has an electron exit window 13 
in the form of a circular ring and which is identical to 
the irradiation device of FIG. 1. In order for the irradi-
ated produc t 7 to flow out of box 15, the latter is me-
chanically permanently connected with a discharge 
pipe 25 which is in line with a pump 26, in order to pro-
duce uniform outflow of product 7. In this device, it is 
advisable to cover box 15 with a lid so that the irradi-
ated produc t 7 can not flow above the side walls of box 
15. 

Instead of an irradiation device 10 with the circular, 
annular electron exit window 13, an irradiation device 
2 7 with a rectangular or linear electron exit window 28, 
as shown in FIG. 3, can be used. These windows are 
made as thin as possible and have a large area so that 
as little energy as possible of the electrons exiting 
through the window is absorbed by the window itself. 
The design of the window is mainly dependent on the 
material propert ies , particularly the tensile s trength, of 
the window materials employed. The materials em-
ployed are predominantly thin light metal foils. 

The hollow bodies in the embodiments shown in 
FIGS. 2 and 3 may be cylindrical bodies instead of the 
funnels shown. It is also possible to convey the produc t 
through a double walled hollow body, e.g., a funnel or 
cylinder, f rom the bo t tom to the top or f rom the top to 
the bot tom by means of a pump. 

It is also possible to turn the funnel around so that the 
material to ,be irradiated is pumped through the funnel 
f rom its bot tom to its neck, passes through the neck, 
and is irradiated as it flows down over the outer wall 
surface of the funnel . 

In the embodiment shown in FIG. 4 , a funnel-shaped, 
or conical , double-walled hollow body 29 is mechani-
cally, fixedly and permanent ly mounted in a box or 
container 30 . The ou te r body portion 31 and the inner 
body portion 32 are connected to one another by webs 
33. They form a conical cavity 34. The neck of the 
outer body portion 3 1 has an opening and is mechani-
cally permanent ly connec ted with a discharge pipe 35, 
which passes through the bot tom 36 of box 30 in a 
sealed liquid-tight manner . A pipe 37 which is con-
nected via a pump 38 with a reservior (not shown) for 
the product 7 to be irradiated opens into the lower re-
gion of box 30. 
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Instead of the above-described funnel-shaped or con-
ical, double-walled hollow body 29, it is also possible 
to use a cylindrical double-walled hollow body. 

With the aid of pump 38, the liquid level in box 30 
is kept constant, i.e., pump 38 pumps exactly the right 5 
amount of product 7 f rom the reservoir into the box 30 
so that the product 7 flows down through the cavity 34 
of the double-walled hollow body 29 as a continuous 
stream having the form of a sheet of uniform thickness. 
In order to assure this form of continuous flow of the 10 
product 7 from the hollow body 29, a further pump 39 
is provided in the discharge pipe 35. It is also possible 
to pump the product 7 to be irradiated with the aid of 
pump 39 via pipe 35 in the cavity 34 of the double-
walled hollow body 29. In this case pump 38 pumps the 15 
irradiated product 7 via pipe 37 out of box 30. 

The product 7 is irradiated in the superior region of 
the double-walled hollow body 29 with the aid of an ir-
radiation device 10 while it flows through the cavity 34. 
The irradiation device may be an electron deflector 20 
horn which has an electron accelerator 11 including an 
electron source, an electron deflection system 12 and 
an electron discharge window 13 which separates the 
vacuum chamber of the electron accelerator from the 
ambient atmospheric pressure. The inner body portion 25 
32 of the hollow body 29 is shorter than the outer body 
portion 31 so that the electron discharge window 13 
can be arranged in the superior region of a funnel, 
which is formed by the outer portion 31. 

In the embodiment shown in FIG. 5 a hollow conical 30 
body 40 is disposed in a container 41 . The body 40 
being open at both ends and having its smaller-
diameter opening directed upwardly. The product 7 to 
be irradiated is pumped with the aid of a pump 42 via 
a pipe 43 which passes through the bottom 44 of con- 35 
tainer 41 in a sealed liquid-tight manner into the cavity 
of body 40. It moves upwardly, overflows the upper end 
of body 40 and flows down the outer wall surface of 
said body. The product 7 is irradiated by an irradiation 
device 10 while it flows down the outer wall surface of 40 
the hollow conical body 40. The irradiation device 10 
has an electron accelerator 11 including an electron 
source, an electron deflecting system 12 and an elec-
tron discharge window 13. The irradiated product 7 
flows in the container 41 , which is connected via a dis- 45 
charge pipe 46 and a pump 45 with a reservoir (not 

shown). Pipe 46 is arranged in the lower region of con-
tainer 41. 

The circular, annular electron discharge windows of 
the applied irradiation devices in the above described 
embodiments of the invention have a medium diameter 
of nearly 1 m. The height of the irradiation devices 
which are provided for an electron energy level of 1 
MeV and for an electron supply rate of nearly 50 KW 
conducts nearly 0,85 m. The dimensions of the applied 
funnels effect a volume flow rate of the material being 
irradiated of about 30 m3/h. . By this volume flow rate 
the rotatable funnel 14 in FIG. 2 runs with nearly 200 
rpm. 

It will be understood that the above description of the 
present invention is susceptible to various modifica-
tions, changes and adaptations, and the same are in-
tended to be comprehended within the meaning and 
range of equivalents of the appended claims. 

I claim: 
1. Apparatus for irradiating a flowable material with 

high energy electrons, comprising, in combination: a 
container for holding a quantity of such material; a fun-
nel-shaped hollow body disposed in said container with 
the small diameter opening of said body directed down-
wardly and the upper extremity of said body at a lower 
elevation than the top of said container; outlet conduit 
means connected to the small diameter opening of said 
body for receiving material f rom the region enclosed by 
said body, said conduit passing through the bottom of 
said container in a liquid-tight manner; inlet conduit 
means connecting the interior of said container with a 
source of material to be irradiated; material delivery 
means connected in said inlet conduit means for deliv-
ering such material to the interior of said container at 
a predetermined rate selected for causing material fill-
ing said container to overflow the upper extremity of 
said body and to flow down the inner wall surface of 
said body as a continuous, uniform stream; and irradia-
tion means disposed for irradiating such material with 
high energy electrons as the material flows down said 
inner wall surface of said body. 

2. An arrangement as defined in claim 1 wherein said 
irradiation means comprises an annular electron exit 
window. 
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