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[57] ABSTRACT 
A liquid product which is circulated continuously at a variable 
?ow rate and velocity within an elongated tank is irradiated 
with a beam of accelerated electrons which is directed at right 
angles to the axis of the tank. One end of the tank is connected 
to a pipe through which the liquid product to be irradiated is 
supplied continuously, the pipe being ?tted with means for 
distributing the ?ow of liquid within the tank. The other end of 
the tank is connected to a discharge duct having an over?ow 

' ori?ce and a discharge spout ?tted with a valve for regulating 
the depth of liquid within the tank. 

4 Claims, 4 Drawing Figures 
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IRRADIATION CELL FOR IRRADIATING A 
CONTINUOUSLY FLOWING LIQUID WITH AN 

ELECTRON BEAM 

This invention relates to a cell for irradiating a liquid 
product which circulates continuously at an adjustable 
discharge rate and ?uid velocity, especially with a beam of ac 
celerated electrons. 
The aim of the invention is more particularly to de?ne the 

geometry of a cell of this type in order that this latter should 
be well adapted to the shape of an electron beam which is em 
ployed in such a manner as to obtain within the circulating 
liquid product an irradiation dose which is both of maximum 
value and generally homogeneous. 

Finally, although this application is not intended to imply 
any limitation whatsoever, the invention is primarily directed 
to the radiovulcanization of naturalor synthetic latexes which 
are subjected to a beam of accelerated electrons having an 
energy level which is especially but not exclusively within the 
range of 2 to 10 Mev., the power of which can vary between 1 
and 10 kw. 
To this end, the cell under consideration comprises a tank 

having an elongated shape whose axis is substantially perpen 
dicular to the direction of the electron beam and is charac 
terized in that one end of said tank is connected to a pipe 
which serves to provide a continuous supply of liquid product 
to be irradiated through means ?tted in said pipe for distribut 
ing the ?ow of liquid within said tank and the other end of said 
tank is connected to a discharge duct which comprises an 
over?ow ori?ce and a discharge spout ?tted with a total-open 
ing valve for regulating the depth of liquid within said tank. 

Further properties of an irradiation cell as constructed in 
accordance with the invention will now become apparent 
from the following description of one exempli?ed embodi 
ment which is given solely by way of indication, reference 
being had to the accompanying drawings, wherein: 

FIG. 1 is a diagrammatic longitudinal sectional view of the 
cell under consideration; ' 

FIGS. 2, 3 and 4 are transverse sectional views taken 
respectively along the lines lI-II, III-III, IV-IV of FIG. 1. 
As can be seen from FIG. 1, the irradiation cell considered 

is mainly composed of a parallelepipedal tank 1 having a 
generally elongated shape and preferably fabricated from 
burnished stainless steel in particular for the purpose of over 
coming the dangers of coagulation and corrosion under radia 
tion and in order to permit the treatment of any liquid 
product. The tank 1 is placed horizontally beneath an electron 
accelerator 2, the electron beam which is delivered by said ac 
celerator being oriented so that the longitudinal axis of the 
tank 1 should be substantially pei'pendicular to the direction 
of said beam and disposed according to the scan or length 
range of this latter. 
The tank 1 is provided at both ends with two ?anges 3 and 4 

for coupling said tank to two pipes 5 and 6, the respective 
functions of which are to supply the tank with a liquid product 
to be irradiated and to discharge said product after irradiation, 
the liquid being circulated within the tank in continuous ?ow 
in the direction shown diagrammatically by the arrows 7. The 
supply pipe 5 (as shown in FIG. 2) is designed in the form of a 
duct having a generally cylindrical shape and terminating in a 
coupling end-piece 8 having a transverse cross-section which 
is identical with that of the tank 3 in order to permit the at 
tachment of said end-piece to the ?ange 3 by means of a 
counter-?ange 9. Within the end-piece 8, the pipe 5 is pro 
vided with a series of small plates 10 which are suitably 
oriented with respect to the axis of said pipe and disposed fan 
wise so as to divide the ?ow of liquid which penetrates into the 
tank into a series of unitary streams which ?ow in parallel rela 
tion over the whole width of the cell. The length of the pipe 5 
and especially of its end-piece 8 is so determined that a stable 
laminar ?ow regime is established within the tank and more 
particularly within the central portion of this latter opposite to 
the accelerator 2, especially in order to ensure that the 
velocity diagram within the liquid ?ow in that region which is 
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2 
subjected to the action of the electron beam should produce a 
substantially homogeneous overall irradiation as a result of su 
perimposition on the curve of electron distribution along the 
width and the axis of said beam. 

In fact, at the surface of the liquid which is in a laminar state 
of ?ow, the stream has maximum velocity along the axis of the 
tank while receiving a maximum dose rate; at the level of the 
wall at which the dose rate is of minimum value, the velocity is 
at a minimum; similarly at the bottom of the stream, the ?ow 
velocity is of minimum value at the bottom of the tank at 
which the dose rate is of minimum value whereas the ?ow 
velocity in the vicinity of the surface is close to its maximum 
value in a zone in which the dose rate is also at a maximum. 

This overlap of the curves of distribution of dose rates and 
of velocities both at the surface and at a depth makes it possi 
ble to optimize the dose homogeneity throughout the volume 
of the irradiated liquid. 

Advantageously and in order to obtain the most stable and 
most suitable laminar ?ow regime within the central portion of 
the tank, the length of this latter can readily be adjusted by 
placing between the ?ange 3 and the counter-?ange 9 any ex 
tension section or element which provides the total length of 
the tank with a value which is suited to the selected ?ow rate. 
Moreover, the transverse dimensions and especially the 

width of the cell are determined so as to correspond substan 
tially to the width of the electron beam; in this respect, the 
geometry of the beam can easily be adapted to that of the cell 
simply by adjusting the height of this latter with respect to the 
electron accelerator or emitter, the same result being 
achieved by establishing the level of the liquid product to be 
irradiated with respect to the cone of divergence of the elec 
tron beam. Finally, the depth of liquid which is circulated 
within the tank is so determined as to be exactly equal to the 
total penetration of electrons into the liquid considered at the 
energy level which is adopted. In particular, the absorbed dose 
and heating of the liquid can readily be controlled in order to 
prevent coagulation. 

In the central portion thereof, the tank 1 is provided op 
posite to the irradiation apparatus 2 with a metallic window 11 
formed by means of a very thin sheet of a suitable metal and 
especially of aluminum or titanium. Said sheet is maintained 
against the body of the tank by means of a ?ange 12 of rectan 
gular shape which is ?tted with a seal (not shown in the 
drawings). The thickness of this window is chosen as small as 
possible in order to cause only negligible deceleration of elec 
trons at the time of penetration of these latter into the tank. 
The characteristics of this window are determined in any case 
as a function of the energy of the incident beam in order to 
minimize radiation losses. In that portion which is remote 
from the window 11, the tank 1 is additionally provided with a 
bottom wall 13 having a small angle of slope in the direction of 
the discharge pipe 6 in order to assist the ?ow of the liquid 
product. Moreover, the central zone of the tank 1 in which the 
irradiation is carried out is preferably cooled by a continuous 
?ow of a suitable cooling ?uid. 
To this end, the tank 1 is enclosed within an outer jacket 14 

forming between this latter and the wall of the tank a space 15 
into which opens a supply pipe 16 and a discharge pipe 17 for 
a ?ow of coolant water; that zone of the tank which is en 
closed within the outer jacket 14 is advantageously longer 
than the distance scanned by the electron beam. 

FIG. 4 illustrates the cross-section of the pipe 6 for the 
discharge of irradiated liquid which ?ows out of the tank in 
the direction of the arrows 7. This pipe 6 is provided with a 
counter-?ange 18 and attached by means of this latter to the 
?ange 4 of the tank, said pipe being provided with an over?ow 
ori?ce 19 and with a discharge spout 20 associated with a 
valve (not shown) which serves to regulate the ?ow through 
the over?ow ori?ce 19 and consequently to modify the depth 
of the liquid product in the tank 1. The pipe is provided with a 
viewing window 21 which also forms an inspection door for 
use when the irradiation cell is not in service. 
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Finally, the equipment of the cell is completed by means of 
different types of ancillary apparatus for carrying out the 
remote measurement, control and adjustment of the operating 
parameters. Thus, the discharge pipe 6 is ?tted with a level de 
tector so that the depth of the irradiated liquid product may be 
continuously checked whilst the tank 1 is provided 
downstream of the irradiation zone with an electron beam de 
tector for checking the stability of the mean power delivered 
and consequently of the mean absorbed dose in respect of a 
given stable ?ow rate. Temperature control devices are also 
provided both upstream and downstream of the irradiation 
zone. 

The cell described in the foregoing makes it possible in par 
ticular to carry out the continuous irradiation of natural and 
synthetic latexes with a ?ow rate comprised between 1,000 
and 3,000 l./h. In this case, the nominal diameter of the supply 
pipe is 50 mm., the length of the tank in which the ?ow is con 
verted to the laminar state prior to penetration into the central 
irradiation zone being equal to 50 cm. The energy of the elec 
tron beam is chosen equal to 4.5 Mev. and the useful length of 
the tank is 18 cm. The thickness of the circulating liquid latex 
is 2.5 cm., which corresponds to the total penetration of elec 
trons of 4.5 Mev. energy. 

It will readily be understood that the invention is not limited 
in any respect to the exempli?ed embodiment as hereinabove 
described or to the ?eld of application which has been more 
especially contemplated but extends on the contrary to all al 
ternative forms. In particular, the cell under consideration 
could readily permit the irradiation of any volatile or non 
volatile liquid having variable viscosity, homogeneous 
products, emulsions or suspensions, as subjected to the effects 
of an electron beam having essentially variable characteristics 
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4 
or any other radiation source. 
What we claim is: 
1. A cell for irradiating with a beam of accelerated electrons 

a liquid product comprising a tank, means for circulating the 
liquid product continuously at an adjustable ?ow rate and 
velocity within said tank, said tank having an elongated shape 
whose axis is substantially perpendicular to the direction of 
the electron beam, a pipe providing a continuous supply of the 
liquid product to be irradiated connected to one end of said 
tank, means ?tted in said pipe for distributing the ?ow of 
liquid within said tank, a discharge duct connected to the 
other end of said tank, an over?ow ori?ce in said duct, a 
discharge spout for said duct and a total-opening valve in said 
spout for regulating the depth of liquid within said tank, the 
length of the tank establishing a stable laminar ?ow regime 
within the central portion of said tank receiving the electron 
beam whereby the electron distribution over the flow velocity 
of the liquid product provides a homogeneous total dose of ir 
radiation. 

2. An irradiation cell in accordance with claim 1, said 
means for distributing the ?ow of liquid including a series of 
small plates rigidly ?xed to the internal wall of said supply pipe 
dividing the total ?ow into unitary streams at the entrance of 
said tank. 

3. An irradiation cell in accordance with claim 1 including 
means for adjusting the level of the liquid within said tank for 
total absorption of electrons within the depth of the liquid. 

4. An irradiation cell in accordance with claim 1 said tank 
having along its longitudinal dimension at least one ?ange and 
extension elements connected to said ?ange to adapt the 
length of said tank to the rate of ?ow of the liquid product. 

* * * * * 


