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The invention relates to a methoed and a device for
disinfection of pourable products with accelerated
electrons. All granular products, that 1s products also
degignated as bulk goods powder or granulate, are understood

rable, which products can be transported and

u
separated in a continuous product flow. The preferrad

coat of the products or are conveyved separately with the

for treating bulk goods with accelerated elect
known. Thus, methods are described, in which the bulk goods
are loaded into a vacuum chamber and treated with electrons

while falling (DD 291 704; DD 291 705; DD 281 ©677). By
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each case a peam scanned across the width of the curtain of
bulk geoods in the vacuum, a uniform exposure to electrons on
all sides is supposed to be achieved. During the process
control in the vacuum, all particles, regardiess of the air
resistance thereof, are, after a specified drop height,

accelerated to the same speed by gravity, since there is no
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A supstantial deficiency of this method consists in that the

generation and maintenance of the vacuum in the treatment

caused by the fact that zi
continuously carried into the treatment chamber with the

pulk goods. A further deficiency is the arrangement of a
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N

rality of product air

inlet and outlet of the vacuum chamber reguired for pressure

graduation, which results in an enormous instal

In
eva

ele

1
the entire system. The high costs for generating the

cuum, the required product airlocks, and the generation

scanning of the electron beam 1limit the application of

addition, devices are known, which use band emitters
cuated by pumps to genserate the electron beam. The

ctrons arrive, via an

chamber of the beam emitter intc a process chamber held

hul

ubstantial deficiency ©

ge fall due to the influence of the ear

ow atmospheric pressure {(DE 44 34 767; EP 07 (5 531). The
k goods fall within the process chamber in free fall in a

atmosphere, usually zir, through the elec

zles are arranged, which generate a gas fiow at the
ctron exit window, to coocl the electron exit window. Dust
uld alsc be kept away from the electron exit window by
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f devices of this type, with
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cess control under a gas atmosphere, consists in that the
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wever, a flow registance operates in the treatment chamber

to the gas, which flow resistance decelerates the

surface qualities thereof. Due to this, falling
arge ratic of surface to volume, such asg

ks, drop substantially slower than ball-sh

a
th small surfaceg, such as grains. The resulting, often
1
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3

seed flow leads to guite varied exposure times to the
electrons and thus to a broad scattering of the electron
dose in the bulk goods flow. This has the result that
particles, which receive a high electron dose, can be
damaged, whereas the lethal dose reqguired to kill the

microorganlsms and insects 1s not achilieved on particles with
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of the remaining particles due to propagation of
the organisms can set in after treatment, which leads to an
undesired infestation and thus to a loss of quality of the

entire product volume.

ith regzrd to the known devices, electron accelerators are
sed, which are arranged opposite each other. The

that the
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increased energy input. An arrangement of this type limits
the usable electron energy and the electron flow, and thus
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free fall, the speed thereof while passing by the upper

lving exit window, which can lead to the transmission of

—

34 7¢7; EP 07 05 531), there exists the additional prob

enm
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wall can additionally cause uncontrolled transverse and
cscillating movements of individual particles. The result
from the disadvantages listed is that particles on one side
can receive a doubled dose, wherein only

a
transmitted to the side facing away from the electron beam.

A rther disadvantage of the solution described nsists in
that the gas flow for cooling the electron exit window leads

to a reduction of the static pressure between the electr

on
exit window and the bulk goods fliow due to the speed-related

recsulting therefrom results in a gas flow from the treatmen

zone in the direction of the electron exit window, which
pressure equalisation pulls lightweight particles, such as
dust or hulls, with it. Particles which are larger than the

mesh width of the protective grid between the product flow

ctron exit window remain caught there,

electron exit window due to abrasion.

t
to maintain the high vacuum in the acceleration chamber
must be constantly evacuated. The high-vacuum pumps required

for this purpose necessitate high operating and maintenance

}__n

expenses and limit the economic efficiency of the method.

Additionzl methods and devices for treating buik goods are
known, in which the required energy dcse 1s achieved by

multiple passes through the electron fielid. The homogeneity
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In accordance with the method accordin

the flow of pourable product is initially transported by
means of a conveying device into a treatment chamber,

wherein preferably a preliminary mechanical separation of

le overlap. The treatment chamber as well as the
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f the product supply and discharge are shielded

against the emission of X-rays. The
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ace using suitable conveying devices, such

high-speed belts, or rotary

feeders. In combination with a tailored X-ray protective
housing, this enables a continuous material flow while

gimultaneocusly preventing the emission of ¥-ray radiation.

@)
Yy
[§3)
)
3
0]
'._.I
(o]
]
)
®
[
W
b= -
= D
~g
@)
F
F
®
@]
-t
)
Q.
<
(@

At ~a ]l o = =
-alCLCally downwards, a

drop path travelled by the particles. The product guiding
channel is connected to a gas conveying device, preferably a
gas blower, which generates a constant gas volume flow
within the product guiding channel in the direction of drog
of the product flow. A particle flow guided vertically
downward in the gas volume flow in the transport direction
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negative pressure 1s generated at the lower end of the

measures are necessary; however, it represent

deviation from the atmospheric pressure. The pressure build-
1

resistance to the inflowing or outflowing air.

In a preferred embodiment, air is sucked in at the upper end

cf the product guiding channel and introduced intc the same.
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The air 1s expelled at the

conveying devices are located at the lower and/or upper ends

',__x

of the product guiding channel. When using a gas conveying
device which is arranged at the upper end of the product
guiding channel, an excess pressure prevails in the interior

of the treatment chamber. If the gas conveying device is

arranged at the lower end of the product guiding channel,
then the gas is sucked in from said channel and a negative

pressure prevails. If a gas conveying device 1s provided at

the lower and upper ends cof the product guiding channel,

lower part. At the points, where the gas or air exits from
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ed openings are

advantageously provided with devices that prevent the exit

of the product. These are preferably grids, sieves, gauze,
or periforated metal plates, preferably in connection wi
associat cleaning devices. In the gas flow guided towar

the outside, in a preferred embodiment, an ozone catalytic
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converter is arranged upstream of the exhaus

environment, which czone catalytic converter

arising from oxygen in t treatment zone anc

reduces it to an acceptable level.

It 1s further preferred that the gas flow fr

conveying device is fed in a circuit, in tha
s guided at the lower end of the product gu

DK/EP 2854497 T3

om the gas
t the gas flow

back to the upper end thereof. The gas conveyving device 1s
between the exhaust of the gas flow

the lower end of the product guiding channel and the supply
at the upper end. A particularly preferred embodiment

provides a cleaning device for the redirected gas flow. This
cleaning device removes dust from the gas flow and prevents
the accumulation thereof in the circulating gas flow. The
cleaning device 1is preferably designed here as a filter (bag
filter), cyclone, or a similar device according to the prior
art. The discharge of the gas flow is preferably sealad
against the suctioning in or exhausting of larger particles
by a protective grid, which can be preferably automatically
or manually cleaned. Gas losses, which result from the exit
via the product supply or discharge, are compensated for
depending on the type 0f gas in the gas flow, as needed, by
additional gas conveying devices, by a supplemental supply
from a gas tank, or from the atmosphere using suction
devices.

A further preferred embodiment provides a plurality of gas
conveving devices, which are arrancged at the lower and/or
upper ends of the product guiding cha 1.
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unintended chemical reactions with the products, are

A particularly preferred embodiment provides the addition of
treatment gases, which cause intended chemical or biological
reactions in or on the particles.

The crosg section of the product guiding channel constantly

decreases toward the bottom in the direction of drop of the
croduct flow. Due to a crossg section of the product guiding
channel configured in such a way, the gas flow is

accelerated at approximately the same rate as the product

accelerated in the drop. The product flow is guided by means

i

of an accelerated gas flow, the movement thereof
corresponding in magnitude and direct t
flow due to gravitaticonal acceleration. Air friction, as

this occurs in known solutions in gas atmospheres, is thus

bulk goods flow have approximately an identical speed. This
has the advantage that pourable products, independent of the
composition as well as the type, shape, or size of the
particles, are guided at a defined speed

.

homogeneous electron dose is appilied to all particies.

After or directly upon leaving the conveying device to the
product supply or upon entrance into the product guiding

channel, the individual particles receive, in a preferred
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pulse that leads to a rotational movement. The

b}

rotational axis of the particles runs here preferably
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tension of the electron

parallel to the longest e

»

accelerator. The particles retain this rotational movement
during the dwell time in a product guiding channel and
during the effect of the electrons in the area of the

treatment zone. In particular with

direction can reach the entire surface across the

circumference of the particles, and a further improvement o

the homogeneity of the electron dose 1is achieved, without

o]

the accelerated electrons. The necessity

15 achieved in compe
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ecessitating expensive measures for reflecting or diverting

described risks of loss of guality of the product due to X-

ray doses that are teo high, as can occur during multiple
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treatments, can be

off of an incline, or by a brush- or roller-like device,
which transmits a rotation to the particles at the moment ©

leaving the conveying device.

The cross section of the product guiding ch
I

rectangular in a preferred embodiment.
effective zone of the electrons, the cross section has two

d
vreferably parallel. The product flow pours downward as a
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tageously the sho

”

jap width s betwee

product guilding channel

direction of drop

wherein h is the drop

which
height travel
cent

AT A
above a

is fur

sScrew

articles in this case

o

place through the
conveyor. In

tic edge or with
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n this context,

when seen from the longer

possible,

tion, whereas the

A R
particies

rtest distance possible from

particl

cath travelled by the

between 170 mm®/?2 and 250 mm3/2.

emoodiment provides an annularly

led.
that

re column

ther preferred the product supply

centre column, by means

for example

preferraed embocdiment, the screw is

elastic bristles. The

the centre column and

annular gap.

al movement is also imparted to the
, which movement the particles retair
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in the drop. This takes place, by way of

intake section at the edge ¢f the centre cols
which section the particles roll downwards,

After certain drop height (pre

rarticularly preferably between 30% and 70%,
particularly preferably between 40% and 60% o

- -
H

particles

ne

the

more electron accelerat

ors

the product guiding channel.

adapted in the shape thereof to the product g
and emit electrons preferably across the enti
product filow. In particular, in the case cof a
product gquiding channel, one or more electron

the longitudinal axis paralilel to the longer
cross section and transverse to the direction
two or more electron accelerators are used in

preferably in a range of 50 keV to 500 keV, a
preferably in the range from 70 keV to 300 keV

particularly preferably in the 80

Uncontrolied nsverse and oscililating move

)
R
}—-:
®
c
e
@

product

guiding
The method ac

combination of

example,

UM,
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via an
across

and thereby

en 20% and 80%,
and most
f the total

rectangular

accelerators

V

extend

a device, then

gas flow with
nstant doss 1s
electrons lies

and more

keV to 200 keV.

duction of
ing fiuidically
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inexpensive process control at conditions below or above
atmospheric pressure and the use of homogeneous transmission

r
of the electron dose to any particle sizes and shapes in the

i

product flow with an improved effectiveness in the combat
2gainst microorganisms and insects. Since the process 1is not
carried out in vacuu the substantial expense related to

vacuum technology is spared.

lectron accelerator(s) typically function(s) under
vacuum conditions. A preferred embodiment provides for the
provision of encapsulated electron accelerators, in which
ectron flow exits via windows that comprise a material

particularly highly permeable for e

u
corresponding electron accelerator. Due to a preferred
ecial encapsulation of the electron acceler:
of solder or weld connections, the high-vacuum pumps usually
reguired for the permanent maintenance of vacuum within the

acceleration chamber are omitted. Thus, vacuum pumps can be

completely dispensed with advantageously. By using one or
more hermetically encapsulated electron accelerators, the
economic efficiency of the method is gubstantially increased

n
croduct out of the product guiding channel, the opening ox
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openings is/are, in a preferred embodiment, realized by a
flat perforation of the channel wall or are covered using a
narrow-mesh gauze or a grid. In a preferred embodiment, gas,
preferably air, can flow into the product guiding channel
through these openings, since the reduced static pressure in
the product guiding channel leads to a bypass gas flow,
which is directed from the electron exit window in the
direction of the product guiding channel. The inflowing gas

s guided over
onvectively
wi

the

.
o

O

]
thin

the ele

v said

o

-

means a s

an embodiment. An advantage of this

gas flow

the perforated area,

<

through which th

are guided into the treatment

Z0ne,

4

other

o

the

wise additior

IS
i

neans

off

g gas by

mbodiment, which

0]

guidance in the px

i

in other partial

areas of product guiding channel. By this means,
transverse and oscillating movements of individual particles
are minimized, which leads to an additional improvement in
the dose homogeneity. The bypass gas fliow i1s preferably
branched off as an individual flow from the gas flow which
is guided in the circuit and which is moved by the gas
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jise transmit the

the produc advantageot

processing

advantageously c

accelerator

moere gas
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A further preferred embodiment provides the arrangement of
two Oor more electron accelerators. In order to prevent a
mutual thermal influence on the electron accelerators, which

J
further advantageous variant is the arrangement of op

the average speed vector of the electrons to the speed
£

vector of the particle flow deviates by this angle from the
ec

T ~ 1 Tty 3 o - S - -7 @ . +
rthogonal. This arrangement can also be select

achieving high energy doses with improved homogeneity of the
>du

energy input on the particles of the pro

detectors are used, which do not react to the wavelength of
daylight or to the (luminous} gas plasma generated by th

electrons in the effective zone.

pourable products are, by way of example, pharmaceutical

products, such as tablets, granulates, capsules, as well as
all types of contaminated pourable masses, for example dirt,
plastic wast {shredded), recyclables, etc.

The invention will be described in more detail by means of

an exemplary embodiment. The associated figures show:
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4

Fig. 1: a section through a device for disinfection of

-

I
N
DX

seed using a product guiding channel ghaped in a

a
C

fluidically optimized manner and gas blower, a

rmetically encapsulated electron accelerator with

electron exit window and protective grid, as well as

s
O
Q.
o
(9]
-
n

pply with a vibration conveying device,

u
rotational device for the particles, product discharge,
t

-~
e

egrated X-ray protection device,

Fig. 2: a section through a part of the device

Q)

ccerding to Fig., 1 in the area of the product guidinc
channel with gas guidance and bypass flow to keep the
grid 1in the product guiding channel clear and forxr

o

cooling the electron exit window,

Fig. 4: a section through a part of the device

t

1 shows the basic structure of the exemplary device

product guiding channel 1, which has a constantly

R

decreasing gap width in the direction of drop of the seed

rarticles Za. In the lower area, the product guiding channel
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connected to a gas blower 4 via a suction line 3, which

wer constantly supplies a gas fliow 5 toward the outside.
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nozzle 7 for supplving the gas flilow 5 is located in ¢
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direction of drop causes a constant acceleration of the gas
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8. A metering device {(not depicted) is located at the outlet
of the buffer container 8, which metering device limits the

volume flow of the seed 2 to a defined level. The seed 2
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rrives at a vibration conveying device 9, which induces a
constant feed and pre-separation. The vibration conveying
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rolling off

they transition into the drop at constant acceleration due

t

to gravity.
Electron accelerators 12 are arranged on both sides of the
product guiding channel 1. The flat electron beam 14
generated by the electron accelerators 12 enters through the
13 into the product guiding channel 1

and moves in the direction of the seed particles Za while

1f maximum

n the 7Z-axis, perpendicular to the
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plane of illustration, the electron beam 14 has a dimensicn
of approximately 1 0 mm. The electron beam 14 is further
scattered during the propagation thereof in the air and acts
on the falling and rotating seed particles 2a, iided in the
gas flow 5a, diffusely and from all sides. After exposure to
the electron beam 14, the seed exits the product guiding

a1

a
-t
©
a

=
a
o
H
—

Q
D
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=

of

movement direction

to the movement

this means ctron accelerat
and also ergies and electrc
damage the opposing electron exit window. M
17 in the form of molybdenum plates for rec
measuring signal depending on the electron

are arranged on the product guiding channel

An optical measuring system 18 enables the
the density of the seed particles 2a and th
of product blockages.

is equipped with an X-ray

SNt
il e

The

re
19,

housing which prevents the emission of
into the environment. Due to the design wit
of the vibration conveying device 9, the hi

and the interior barriers 19, the exposure
particles Za in the area of the X-ray radia

ording a
flow distribution
1 next to the

measurement of

2 determination
protective

X~ray radiation

h the integration

! 3

gh-speed bel

.

t 16,

(

time of the seed
ticn is reduced
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LIST OF REFERENCE SIGNS
1 product guiding channel
la perforated area of the product guiding channel
Z2 seed (product)
2a seed particles
3 suction line
4 gas blower
5 gas flow
Sa gas flow in the direction of drop
© grid
7
8
g device
10
11
lla elastic bristles of the brush roller
12 electron accelerator
13 electron exit window
14 electron beam
15 intensity distribution of the electron beam
16 high-speed belt
17 measuring device for electron flow distribution
18 optical measuring system
19 X-ray protective housing
20 incoming gas flow
a incoming gas fliow for cooling the electron exit

ow channel

window
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Patentkrav

1. Fremgangsmade til behandling af drysbare produkter af adskillelige partikler,
fortrinsvis sdsaed, med accelererede elektroner, i hvilken en transparent isoleret
produktstrgm fgres under anvendelse af tyngdekraft i en produktfgringskanal
gennem elektronfeltet genereret af mindst en elektronaccelerator ved under- eller
overtryk, kendetegnet ved at produktfgringskanalen har et aftagende tvaersnit i
partiklernes bevaegelsesretning og produktstrammen fgres ved hjeelp af en
accelereret gasstrgm, hvis bevaegelse svarer i stgrrelse og retning til den
accelererede bevaegelse de faldende partikler udfgrer i denne gasstrgm pé grund
af tyngdekraftacceleration.

2. Fremgangsmaden ifglge krav 1, kendetegnet ved at accelerationen af
gasstrgmmen finder sted gennem sugning ved udlgbet og/eller gennem
indblaesning ved indlgbet af produktfgringskanalen der indsnasvres i
transportretningen.

3. Fremgangsmaden ifglge krav 1 eller 2, kendetegnet ved at partiklerne
pafgres med en rotationsbevaegelse far eller under indgangen i
produktfgringskanalen, ved afrulning pa et skrdnende plan eller gennem kort-tids
samtidig kontakt med mindst en faststdende og en roterende komponent eller
gennem samtidig kontakt med komponenter der roterer ved forskellige
hastigheder.

4. Fremgangsmaden ifglge et af kravene 1 til 3, kendetegnet ved at med
henblik pa at reducere friktion mindst delvist i omrader af produktfgringskanalen,
indfgres en gasstrgm med en bevaegelseskomponent rettet ved 45° til 90° i
forhold til bevaegelsesretningen af produktstrammen i produktstrgmmen.

5. Fremgangsmaden ifslge et af kravene 1 til 4, kendetegnet ved at under
behandlingen af det drysbare produkt med accelererede elektroner tilfgres en

procesgas.
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6. Fremgangsmaden ifglge krav 5, kendetegnet ved at luft eller nitrogen eller

carbondioxid anvendes som procesgas.

7. Fremgangsmaden ifglge et af kravene 1 til 6, kendetegnet ved at

procesgassen ledes i et kredslgb og/eller undergar afstgvning.

8. Fremgangsmé&den ifglge et af kravene 1 til 7, kendetegnet ved at
produktfgringskanalen har et indsnaevret rektangulaert tvaersnit ifglge

sammenhangen
1

o
F= K&

Yk
hvor s er spaltebredden mellem to modstdende sider af produktfgringskanalen, h
er den tilbagelagte faldvej af partiklen og k er en konstant der fortrinsvis har en

vaerdi pa mellem 170 mm?2 og 250 mm?/2.

9. Indretning til desinfektion af en produktstrgm af drysbare partikler, fortrinsvis
sasaed, med accelererede elektroner, med

o et proceskammer fyldt med gas med en vertikal produktfgringskanal til
fgring af produktstrgmmen,

e organ til luftsluse-fri, isoleret fgring af drysbare partikler til den gvre ende

af produktfgringskanalen,

e mindst en elektronaccelerator med et elektronudgangsvindue og de

tilhgrende hgjspaendings- og kontrolsystemer,
o der er anbragt lateralt p& produktfgringskanalen,

o elektronstralerne af hvilke traeffer produktstrgmmen ledt gennem

produktfgringskanalen og derved danner en behandlingszone, hvor

o emissionsbredden af elektronacceleratoren svarer mindst til

bredden af produktstrgmmen,

e organ til luftsluse-fri fjernelse af produktstrammen,
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e organ til generering af et under- eller overtryk i proceskammeret,
kendetegnet ved at

e produktkanalen har et tveersnit der kontinuerligt bliver smallere i

partiklernes bevasgelsesretning,

e organet til generering af et under- eller overtryk i proceskammeret og
udformningen af partikelfgringskanalen frembringer en konstant
volumenstrgm af gas i produktfgringskanalen der genererer en accelereret
bevaegelse af gassen identisk med bevasgelsen af partiklerne i stgrrelse og

retning.

10. Indretningen ifglge krav 9, kendetegnet ved at produktfgringskanalen har
et rektangulaert tvaersnit og er hvaelvet over dets forlgb p& mindst en af de to
laangere modstdende sider sdledes at dets tvaersnit formindskes i
transportretningen.

11. Indretningen ifglge krav 9, kendetegnet ved at en indretning til generering
af en rotationsbevaegelse af partiklerne af produktstreammen er indrettet fgr eller

over behandlingszonen.

12. Indretningen ifglge krav 10, kendetegnet ved at spaltebredden s mellem de
to laangere modstéende sider af produktfgringskanalen fglger korrelationen

5= .{.{71‘;}%

i relation til faldhgjden h af partiklerne, hvor s er spaltebredden mellem to
modstdende sider af produktfgringskanalen, h er den tilbagelagte faldvej af
partiklerne og k er en konstant der fortrinsvis har en veerdi mellem 170 mm?? og

250 mm?3/2.

13. Indretningen ifglge et af kravene 9 til 12, kendetegnet ved at
elektronacceleratoren er en flad strdlegenerator med et hermetisk-forseglet,
evakueret accelerationskammer, til hvis driften ingen vakuumpumpe er

ngdvendig.
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14. Indretningen ifglge et af kravene 9 til 13, kendetegnet ved at
produktfgringskanalen har en perforering i omradet af elektronudgangsvinduet,
hvilken perforering tillader en gasstrgm i retningen af produktstrgmmen til at
holde stgv vaek og ogsa indgangen af elektroner i produktfgringskanalen og
indflydelsen deraf pa produktet.

15. Indretningen ifglge et af kravene 9 til 14, kendetegnet ved at organet til

generering af under- eller overtryk er gasfremfgringsindretninger.

16. Indretningen ifglge krav 15, kendetegnet ved at organet til generering af
under- eller overtryk transporterer gassen af behandlingskammeret i et kredslgb
0og en afstgvningsindretning kan eventuelt vaere anbragt i fremfgringskredslgbet.

17. Indretningen ifglge et af kravene 9 til 14, kendetegnet ved at en
m%leindretning til detektering af elektronstrgmtastheden er indrettet mellem
produktfgringskanalen og elektronudgangsvinduet og/eller i
produktfgringskanalen.

18. Indretningen ifglge krav 17, kendetegnet ved at méleindretningen bestar af
mindst to metalsegmenter indrettet pd en elektrisk isoleret made, hvilke
segmenter er koblet til jordpotentialet via elektriske ledere, og en maleindretning
til detektering af den udgéende elektronstrgm er indbyrdes forbundet til den
elektriske leder, med henblik pd at generere et signal afhaengigt af
elektronstrgmtaetheden.

19. Indretningen ifglge et af kravene 9 til 17, kendetegnet ved at en
maéleindretning til detektering af produktstatus er indrettet ved passageomradet af
elektronerne i produktfgringskanalen.

20. Indretningen ifglge krav 19, kendetegnet ved at maleindretningen omfatter
mindst to metalsegmenter elektrisk isoleret fra hinanden og fra veeggene af
produktfgringskanalen, hvilke segmenter leverer et signal afhangigt af
partikelstromtactheden ved hjzelp af en testspaending der hersker mellem
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segmenterne eller at maleindretningen er et optisk system der leverer et signal

afhaengig af partikelstrgmtaetheden.

21. Indretningen ifglge et af kravene 9 til 20, kendetegnet ved at en
vibrationsfremfgringsindretning udstyret med rgntgenbeskyttelsesindretning er
anbragt til tilfgrsel af produktet og/eller at en fremfgringsindretning udstyret med
rgntgenbeskyttelsesindretning er anbragt til at fjerne produktet.

22. Indretningen ifglge et af kravene 9 til 20, kendetegnet ved at en
ozonkatalysator er forbundet opstrgms for gasstrsmmen ledt udad til

omgivelserne af udblaesningen.
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