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Description

BACKGROUND OF THE INVENTION

[0001] The present invention refers to certain improve-
ments to a method and a high-pressure self-cleaning mix-
ing device for co-injecting and mixing polymeric reactive
components, in particular for preparing polyurethane or
epoxy mixtures, disclosed in a preceding international
application WO 2004/041494 and corresponding granted
EP 1560687.

PRIOR ART

[0002] High-pressure self-cleaning mixing devices for
polymeric reactive components, for example poly-
urethane components, are well known from US
4.332.335, US 4.608.233 and US 4.802.770, US
5.498.151 and EP 1.992.466; devices of this type are
widely used for producing moulded articles or for dis-
pensing polyurethane mixture for rigid or flexible foams.
According to this mixing technology, two or more poly-
meric reactive components, for example a polyol and an
isocyanate, are supplied at high-pressures, in the order
of 100-150 bar (10-15 MPa) or higher, and separately
injected into a mixing chamber where the two jets impinge
one another frontally at high speed and with great kinetic
energy to be intimately mixed, and in which the resulting
mixture is dispensed into a mould or poured onto a sub-
strate.
[0003] International application WO 2004/041494
aimed to improve this technology by proposing to sepa-
rately supply the single reactive components in a com-
mon pressure chamber, where they flow at a same high-
pressure and in a substantially unmixed condition to a
settable orifice, to be co-injected in said unmixed condi-
tion into a mixing chamber axially aligned to the common
pressure chamber of the mixing device. A first member
for cleaning and recirculating the polymeric components
is reciprocable the common pressure chamber and is
coaxially arranged to a second cleaning member for the
mixing chamber, slidably arranged in a longitudinal bore
of the first cleaning member, and in which the fore end
of the second cleaning member is suitably configured to
form, with a rear edge of the mixing chamber, one or
more angularly spaced apart restricted orifices for the
co-injection of the polymeric components in the unmixed
condition, into the mixing chamber of the device.
[0004] The cleaning member for the common pressure
chamber and the cleaning member for the mixing cham-
ber are connected to respective hydraulic actuators to
be sequentially moved between a retracted position to
open the mixing device, and an advanced closure posi-
tion in which the first cleaning member, which is config-
ured with side slots allows the recirculation of the poly-
meric components.
[0005] A high-pressure self-cleaning mixing device ac-
cording to WO 2004/041494, which is the prior art closest

to the present invention, has proved to be extremely in-
novative compared with conventional high-pressure mix-
ing devices previously known, because it allows to use
and maintaining for a time the turbulence generated in
the co-injected unmixed reactive components to improve
mixing efficiency, both at changing of the flowrates and
during mixing transient phenomena. Further advantages
of this type of device consist of a substantial reduction
of the pressures for feeding the reactive components in
the common pressure chamber, compared to the com-
paratively higher pressures required in the prior known
mixing devices, in a better control of the stoichiometric
mixing ratios, and in a consequent energy saving.
[0006] Despite the good operation of a mixing device
according to WO 2004/041494, it was found that in the
case of comparatively reduced flowrates, with mixing
chambers of very small dimensions, the coaxial arrange-
ment and sliding of the first valve and cleaning member
for recirculating the components and cleaning the com-
mon pressure chamber, and of the second cleaning
member for the mixing chamber, which is slidably mov-
able in a bore of the first cleaning member, entailed cer-
tain drawbacks that the present invention intends to rem-
edy.
[0007] In the embodiment of the mixing device accord-
ing to WO 2004/041494, the second cleaning member
slides inside the first cleaning member which determines
most of the length thereof: having to reduce the diameters
of the pressure and mixing chambers and of the cleaning
members to process reduced flowrates down to a few
grams/second, the excessive free inflexion length of the
second cleaning member becomes critical in relation to
the force necessary to command the closure and ejection
from the mixing chamber of the reacted residual poly-
meric mixture. Further, for reasons of overall dimensions
and simplicity, the hydraulic actuators have been mutu-
ally integrated to provide only three control chambers,
one of which is consisting of an intermediate control
chamber that is common to both actuators, selectively
supplied with pressurised oil to move backward the sec-
ond cleaning member of the mixing chamber and open
the co-injection orifice, respectively for moving forward
the first cleaning and valving member for recirculation of
the polymeric components and cleaning the common
pressure chamber.
[0008] In a mixing device of this type, in certain cases
a difficulty was found in controlling the retracted position
of the cleaning member for the mixing chamber, and con-
sequently controlling and setting the opening of the co-
injection orifice.
[0009] In fact, when the apparatus has to be opened
and the reactive mixture has to be dispensed, the pres-
sure in the rear chamber of the hydraulic actuator relative
to the cleaning member for the mixing chamber first has
to be discharged, and simultaneously pressurised oil has
to be supplied into the intermediate chamber which is
common to both actuators, to have the aforesaid cleaning
member of the mixing chamber retracted, simultaneously
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maintaining the valve and cleaning member of the pres-
sure chamber in the advanced closure position; subse-
quently, the pressure in the intermediate chamber has
to be discharged and pressurised oil has to be supplied
to the fore chamber of the hydraulic actuator of the first
valve and cleaning member to open the common pres-
sure chamber and the co-injection orifice or orifices.
[0010] In these conditions, during dispensing of the
mixture, there is no pressure in the intermediate chamber
and in the rear control chamber of the actuator for the
second cleaning member of the mixing chamber; the sec-
ond cleaning member is thus substantially free to slide,
so that small pressure perturbations on the discharge
side for the oil, or dragging forces acting by a Venturi
effect on the tip of the second cleaning member caused
by the flow of the polymeric components whilst they are
co-injected, tend to entrain forward the cleaning member
of the mixing chamber and to change the restricted sec-
tion of the co-injection orifice; thus the pressure in the
common pressure chamber and the mixing degree of re-
active components are substantially altered. Due to axial
disposition of the pressure and mixing chambers, and
coaxial arrangement of the cleaning members, it is further
difficult to gradually vary the restricted section of the co-
injection orifice, or orifices, to maintain adjusted the pres-
sure in the common pressure chamber during a flowrate
change.
[0011] Providing a similar mixing device with a suitable
system for stopping and positioning the cleaning member
of the mixing chamber and throttling the co-injection or-
ifice, or orifices, in addition to entailing an extreme con-
structional and functional complication, in particular dur-
ing the initial adjusting and fine setting steps would hardly
allow interventions to adjust the retracted position of the
cleaning member for the mixing chamber and throttling
the co-injection orifice orifices; consequently it would
make it difficult to adjust the pressure in the common
pressure chamber during operation of the mixing device.

OBJECTS OF THE INVENTION

[0012] There is thus a need to find a new and different
solution suitable for eliminating the aforementioned
drawbacks and providing at the same time an improve-
ment enabling all the advantages arising from a direct
co-injection of the polymeric components in an unmixed
condition to be maintained.
[0013] The main object of the present invention is thus
to improve further this technology, and the mixing device
to eliminate the previously mentioned drawbacks by a
solution that enables the kinetic energy and the turbu-
lence of the jet of the polymeric components whilst they
are co-injected into the mixing chamber, and the mixing
degree thereof to be increased, and the dimensions of
the mixing chamber to be comparatively reduced without
compromising the free inflection length of the cleaning
member.
[0014] A further object of the invention is to provide a

high-pressure self-cleaning mixing device for polymeric
reactive components, by means of which it is possible to
control and maintain with extreme precision an open po-
sition of the cleaning member for the mixing chamber,
and accordingly varying, during adjustment of the flow-
rates, the pressure of the co-injected polymeric compo-
nents by an extremely simple solution that makes it pos-
sible to modify, in a controlled manner, the throttling of a
co-injection orifice both during the setting of the mixing
device and during the feeding and co-injection steps of
the polymeric components.
[0015] A still further object of the invention is to provide
a high-pressure self-cleaning mixing device for polymeric
reactive components, of the previously mentioned type,
by which it is possible to use a mixing chamber having a
comparatively small cross-section, for example with a
diameter comprised between 0.5 mm and 3.5 mm, when
the diameter/length ratio of the cleaning member for the
same mixing chamber would constitute a cause of insta-
bility to axial loads.

SHORT DESCRIPTION OF THE INVENTION

[0016] The main object, and still others, of the present
invention, are achievable by a mixing method for reactive
polymeric components according to claim 1, and by a
high-pressure mixing self-cleaning device according to
claim 5.
[0017] In general terms, the problem was solved by
modifying the configuration and the geometrical and re-
ciprocal disposition of the common pressure chamber
and of the mixing chamber, by co-injecting the polymeric
components in a non-mixed state, through a settable re-
striction of an adjustable co-injection orifice, in a mixing
chamber intersecting a convergent or forwardly tapering
end portion of the pressure chamber.

SHORT DESCRIPTION OF THE DRAWINGS

[0018] The method and some preferential embodi-
ments of mixing devices according to the present inven-
tion will be disclosed below with reference to the attached
drawings, in which:

Fig. 1 is a partially sectioned overall view of a first
embodiment of a mixing device according to the in-
vention;
Fig. 2 is a longitudinal sectional view according to
line 2-2 of figure 1;
Fig. 3 is a cross sectional view of figure 1;
Fig. 4 is an enlarged particular of figure 3;
Fig. 5 is an enlarged sectional view according to line
5-5 of figure 3;
Fig. 6 is a section according to line 6-6 of figure 5;
Fig. 7 is showing the cleaning and valving member
for the pressure chamber, seen according to line 7-7
of figure 8;
Fig. 8 is a sectional view, according to line 8-8 of
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figure 7;
Fig. 9 is a second embodiment of the cleaning and
valving member for the pressure chamber, seen ac-
cording to line 9-9 of figure 10;
Fig. 10 is a sectional view, according to line 10-10
of figure 9;
Fig. 11 is a third embodiment of the cleaning and
valve member for the pressure chamber, seen ac-
cording to line 11-11 of figure 12;
Fig. 12 is a sectional view, according to line 12-12
of figure 11;
Fig. 13 shows a second embodiment of the mixing
device according to the invention, provided with a
self-cleaning spray nozzle, and with a throttling de-
vice for setting the restriction of the injection orifice,
which is manually adjustable;
Fig. 14 shows a mixing device similar to that of figure
13, provided with a throttling device for setting the
restriction of the injection orifice, which is automati-
cally adjustable;
Fig. 15 is a view of the spray nozzle of the device of
figures 13 and 14, seen according to line 15-15 of
figure 16;
Fig. 16 is a sectional view according to line 16-16 of
figure 15;
Fig. 17 is a sectional view according to line 17-17 of
figure 16;
Figs 18, 19 and 20 show perspective views of three
possible solutions for of the cleaning member for the
mixing chamber and for throttling and setting the re-
striction of the injection orifice.

DETAILED DESCRIPTION OF THE INVENTION

[0019] With reference to figures 1 to 6, a first prefer-
ential embodiment of a self-cleaning high-pressure mix-
ing device and high-pressure mixing method according
to the present invention will be disclosed.
[0020] As shown, the mixing device 10 comprises a
body 11 provided with a first cylindrical chamber 12, also
referred to as pressure chamber, in which a first A and
at least a second B chemically reactive polymeric com-
ponents, for example a polyol and an isocyanate are si-
multaneously supplied and maintained in a substantially
unmixed condition, or state, at a same pressure, whilst
they flow through a settable restriction of a co-injection
orifice 27, to be co-injected at a same high-pressure in
the unmixed state into a cylindrical mixing chamber 19
to form a resulting polymeric mixture.
[0021] For the purpose of the present invention, the
term "pressure chamber" means a large feeding chamber
in which the polymeric reactive components are firstly
fed and maintained in an unmixed state, at a same high-
pressure equal to or higher than 40-60 bar (4-6 MPa) and
very close to the pumping high-pressure (from 2 to 25
bar due to the pressure drop caused by the feeding the
piping), and in which the polymeric reactive components
are flowing at the same high-pressure, in an unmixed

state, toward a restricted open section of a co-injection
orifice which can be set to allow the unmixed reactive
components to be co-injected at a same pressure trough
a restriction, causing a pressure drop through the co-
injection orifice higher than 40-60 bar (4-6 MPa) and suc-
cessively mixed into a smaller mixing chamber.
[0022] Therefore, the "pressure chamber" according
to the present invention, substantially differs from a mix-
ing chamber comparatively smaller than a second cham-
ber or discharge conduit of a conventional high-pressure
mixing device in which the polymeric reactive compo-
nents are firstly injected into the mixing chamber in which
the pressure is much lower that the feeding pres-
sure(from 60 to 200 bar -6,20 MPa), where they are mixed
by impingement and flowing at a very low pressure, lower
than 4-5 bar (0,4-0,5 MPa) compared to the 40-60 bar
(4-6 MPa) or higher of the pressure chamber according
to the present invention.
[0023] As shown in figures 3 and 4, the polymeric com-
ponents A and B are supplied simultaneously to the pres-
sure chamber 12 through respective inlet conduits 13
and 14 of a respective feeding line that, through an in-
termediate chamber 15, 16, communicate with respec-
tive inlet holes 13’ and 14’; still in figure 3 plugs 17 and
18 have been indicated, that are screwably moveable
between a retracted position of figure 3 in which open
the inlet holes 13’ and 14’ for the polymeric components
A and B, and an advanced or closing position, not shown.
The plugs 17 and 18 are initially used to conduct a check
for setting the metering pumps for the polymeric compo-
nents A, B, for example by closing the inlet hole of one
of the polymeric components, leaving the other inlet hole
open, to separately feed a stoichiometric quantity of each
single polymeric component, measuring the quantity by
weight.
[0024] Inside the pressure chamber 12, consisting of
a cylindrical hole having a diameter D1 comparatively
greater than the diameter D2 of a mixing chamber 19,
for example having a cross section that is almost twice
the cross-section of the mixing chamber 19, a first clean-
ing and valving member 20 is reciprocable between a
retracted and an advanced position; the cleaning mem-
ber 20 is configured with longitudinal slots 21, 22 (figure
3) which in the advanced position of the valve member
20, put into communication each inlet hole 13’, 14’ of
each single polymeric components A, B, with a respective
recirculating conduit 23 and 24.
[0025] The valving member 20, in addition to the func-
tion of opening/closing the inlet holes 13’, 14’, and recir-
culating the polymeric components A, B, also performs
a complementary function as first cleaning member, to
eject into the mixing chamber 19 the unmixed compo-
nents A and B that remain in the common pressure cham-
ber 12 at the end of each mixing step. The reciprocal
movement between the retracted position and the ad-
vanced position of the first cleaning and valving element
20, as shown in figures 1 and 3, is provided by the piston
25 of a first hydraulic actuator 26, to open the inlet holes
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13’, 14’ and the elongated restriction of the co-injection
orifice 27 in the retracted position and to close the co-
injection orifice 27, ejecting the residual unmixed com-
ponents when moved in the advanced position of said
cleaning member 20.
[0026] In the example in figures 1-6 the pressure cham-
ber 12, via a settable restriction or narrowed co-injection
orifice 27 of elliptical shape, figures 5 and 6, opens to-
wards a transversely oriented mixing chamber 19 having
a diameter D2 that is comparatively lower than the diam-
eter D1 of the pressure chamber 12, for example equal
to at least one half said diameter D1 of the pressure
chamber 12; the angular orientation and the transversal
arrangement of the longitudinal axis of the mixing cham-
ber 19, with respect to the longitudinal axis of the pres-
sure chamber 12, can be any depending on the specific
constructional and functional requirements of the mixing
device. In the example in figures 1-6, the mixing chamber
19 is arranged orthogonally, at 90°, with respect to the
pressure chamber 12; nevertheless, it cannot be ruled
out that the mixing chamber 19 can be differently ar-
ranged and angularly oriented, maintaining a condition
of partial or total interference with a forwardly convergent
or conical portion 12’ at the fore end of the common pres-
sure chamber 12, as shown in figures 4 and 5.
[0027] Longitudinally to the mixing chamber 19 in
which the components A, B are co-injected at high speed
and high kinetic energy through the set aperture of the
orifice 27, a second cleaning member 28 slides, opera-
tively connected to the piston 29 of a second hydraulic
actuator 30, to be moved between a settable retracted
position, shown in figure 2, in which opens the mixing
chamber 19 towards a delivery conduit 31, and in which
throttles the elongated restriction of the co-injection ori-
fice 27, and an advanced position forward the co-injection
orifice 27 in which closes the mixing chamber 19 towards
the delivery conduit 31, ejecting the resulting residual
mixture.
[0028] Still with reference to the example of figures 1-6,
the delivery conduit 31 can be differently configured and
oriented with respect to the mixing chamber 19; in the
case shown, the delivery conduit 31 consists of a cylin-
drical bush 32 the internal diameter D3 of which is com-
paratively greater and at least twice greater than the di-
ameter D2 of the mixing chamber 19. In particular, in the
case shown the cylindrical bush 32 is oriented orthogo-
nally at 90° to the mixing chamber 19; the bush 32 is
retained in a seat of the body 11 by a sleeve 33. Both
the sleeve 33 and the bush 32 are removably fastened
to the body 11 of the device to permit suitable mainte-
nance and/or replacement operations.
[0029] Inside the delivery conduit 31 a third cleaning
member slides, for example consisting of a stem 34 pro-
vided with an enlarged piston head 34’, operatively con-
nected to the piston member 35 of a third hydraulic ac-
tuator 36. A suitable hydraulic circuit operatively connect-
ed to a control unit of the entire mixing device, coordi-
nates the correct sequence of the operative movements

of the three hydraulic actuators 26, 30 and 36. From figure
1 it is also noted that the pressure chamber 12, further
to being angularly oriented by an angle of 90° to the mix-
ing chamber 19, is also angularly oriented with respect
to the delivery conduit 31; in this manner, an arrangement
is obtained of the common pressure chamber 12, of the
mixing chamber 19 and the delivery conduit 31, accord-
ing to three different axes or vectorial directions, which
permits a better mixing degree of the polymeric compo-
nents A, B and a great damping of the turbulence in the
delivered flow of the resulting mixture.
[0030] Returning to figures 3 to 6, the innovative fea-
tures that are distinguishing the method and the mixing
device according to the invention will be described in
greater detail. In this connection, what mostly is distin-
guishing and characterises the mixing device according
to the present invention and the implemented method,
consists of:

- structurally configuring and operationally maintain-
ing separate and differently oriented the pressure
chamber 12 with the first cleaning element 20, from
the mixing chamber 19 and a respective second
cleaning member 28 suitable for throttling and ad-
justably setting the aperture of an elongated restric-
tion of the co-injection orifice 27. In this manner, a
correct positioning of fore end of the cleaning mem-
ber 28 to throttle the elongated restriction of the co-
injection orifice 27 is made possible, because it is no
longer subjected to a dragging action by the cleaning
member 20, and by the flow of the mixed polymeric
components A, B, avoiding the generation of nega-
tive influences on the pressure of the unmixed pol-
ymeric components A, B inside the pressure cham-
ber 12. Further, it is also made possible to propor-
tionately reduce the length of the cleaning member
28 and of the mixing chamber 19 in respect to WO
2014/041494, consequently reducing the free inflex-
ion length of the cleaning member 28 even with very
small diameters of the mixing chamber, for example
1mm, anyway less than 3,5 mm, reducing also the
dimensions of the mixing device;

- configuring the pressure chamber 12 with a forwardly
convergent conical or differently shaped fore portion
12’ so as to generate an acceleration of the flow of
the unmixed polymeric components A, B through the
co-injection orifice 27 and towards the mixing cham-
ber 19;

- intersecting a side wall of the mixing chamber 19,
provided with an elongated restriction of the co-in-
jection orifice 27, with the forwardly convergent or
conical fore portion 12’ of the pressure chamber 12,
to provide an adjustably settable elongated restric-
tion of the co-injection orifice 27, through which the
polymeric components A and B, in an unmixed state
are co-injected with great acceleration and kinetic
energy from one side of the mixing chamber 19, im-
pinging on the opposite side. In this manner it is pos-
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sible to adjustably set an open condition of the elon-
gated restriction of the co-injection orifice 27 by set-
ting the retracted position of the fore end of the sec-
ond cleaning member 28, in respect to the same or-
ifice 27, also during the mixing and delivering steps
of the polymeric mixture.

[0031] Lastly, a further feature that is distinguishing the
present invention, further to the transverse arrangement
and the intersection of the mixing chamber 19 with the
convergent fore portion 12’ of the pressure chamber 12,
consists of the possibility of configuring the mixing cham-
ber 12 with a diameter D2 comparatively lower than the
diameter D1 of the pressure chamber 12, maintaining a
D1/D2 ratio comprised between 1.4 and 15 depending
on the number of polymeric components to be mixed. In
this manner, the polymeric components A, B that are in
an unmixed state in the pressure chamber 12 are co-
injected into a mixing chamber 12 of reduced dimensions,
undergoing an impact and an angular deviation at the
opposite side at an average speed that increases with
the square of D1/D2 ratio. This enables the kinetic energy
and the turbulence induced in the flow of co-injected re-
active components A, B, to be exploited to the maximum
and maintained by the disposition and the reduced sec-
tion of the mixing chamber, obtaining an intimate mixture
of the co-injected components.
[0032] The invention is thus directed to a self-cleaning
mixing device, of the high-pressure type, able to operate
with pressures for feeding the single polymeric compo-
nents A, B lower than the feeding high-pressure normally
required in conventional high-pressure mixing appara-
tuses, assuring at a same time, a constant control of the
mixing degree also in the case of small flowrates, in the
order of few grams/second, for example 0.8 grams/sec-
ond, or of a few tenths of gram/second, as well gradually
varying the flowrates by maintaining a high-pressure drop
between the pressure chamber and mixing chamber, e.g.
above 40 bar (4 Pa), owing to the setting of the open
section of the elongated restriction of the co-injection or-
ifice 27, by retracted opening position of the second
cleaning member 28.
[0033] Again with reference to the explanatory of fig-
ures 3-6, in particular to figure 4, it is noted that the pres-
sure chamber 12 has a forwardly converging fore portion
12’, for example a conical portion or anyway configured
converging towards a co-injection orifice 27 provided by
a narrowed restricting having an open section that is ad-
justable by setting the position of the fore end of the clean-
ing member in the retracted position of the same cleaning
member 28, to generate a great acceleration of the flow
of the polymeric components A, B, in an axial direction
transverse to the longitudinal axis of the mixing chamber
19, for example orthogonally oriented or forming an angle
greater or less than 90° with respect to the longitudinal
axis of the mixing chamber 19.
[0034] The length and the angle of convergence of the
fore portion 12’ of the cylindrical pressure chamber 12,

and the interference degree between said convergent
fore portion 12’ and a side wall of cylindrical mixing cham-
ber 19, can be selected and changed during the design-
ing, with respect to what is shown, according to specific
needs; for example good results have been obtained, as
shown in figure 4, by providing a length and an interfer-
ence degree of the fore portion 12’ that is equal to or less
than the radius of the mixing chamber 19, in which the
convergence angle of the fore portion 12’ can be equal
to or greater than 40°, for example comprised between
40° and 180°, or less, according to the geometrical shape
and D1/D2 ratio between the diameters of the pressure
and mixing chambers, as will be explained in greater de-
tail below with reference to the examples of figures 7 to
12.
[0035] From figures 3 and 4 it is further noted that the
fore end of the cleaning and valve member 20 in turn is
configured with a convergent or conical end portion 20’
that conforms to the conical shape and convergence of
the fore portion 12’ of the pressure chamber 12; the end
portion 20’ of the cleaning member 20 is further config-
ured with a cross cavity 20" that extends parallel to the
axis of the mixing chamber 19, and has a curvature radius
conforming to the curvature of the elongated restriction
of the co-injection orifice 27 and the curvature radius of
the internal surface of the side wall of the mixing chamber
19; thus in the advanced position of the cleaning member
20, the cavity 20" matches and closes the co-injection
orifice 27 at one side of the mixing chamber 19, flush to
an internal surface of the side wall, to enable the second
cleaning member 28 to slide and eject the remaining mix-
ture at the end of each mixing step.
[0036] It is also pointed out that the longitudinal axis
of the mixing chamber 19 forms with the longitudinal axis
of the pressure chamber 12 an angle that can be com-
prised between 15° and 165°.
[0037] The operation of the mixing device can be as
follows: initially both the cleaning member 20 for the pres-
sure chamber 12 and the cleaning member 28 for the
mixing chamber 19 are in an advanced closure position;
so the polymeric components A and B are recirculated
by pumping device in the stoichiometrically requested
quantities to respective storage tanks, through the slots
21, 22 in the first cleaning member 20 and the return
conduits 23, 24. Subsequently, after retraction of the
cleaning member 34 and retraction of the cleaning mem-
ber 28 in a preset throttling position for setting the open
section of the co-injection orifice 27 and adjusting the
pressure of the unmixed components in the pressure
chamber 12, the mixing device is opened; in this manner
the polymeric components A, B are fed at the required
high-pressure into the pressure chamber 12, where they
flow at a same pressure in a substantially unmixed state
along the pressure chamber (12), and the convergent
fore portion 12’ to the co-injection orifice 27. In the con-
vergent fore portion 12’ of the pressure chamber 12, the
polymeric components A, B, still in a unmixed state and
at a same pressure, undergo a great acceleration to-
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wards and through the settable open section of the re-
stricted orifice 27, being in this manner co-injected and
mixed under strong turbulence and great kinetic energy
condition, transversely from a side wall of the mixing
chamber 19 against the opposite side thereof where the
components A, B are thoroughly and intimately mixed
with one another.
[0038] From the mixing chamber 19, the resulting mix-
ture flows into a delivery conduit 31 having a compara-
tively greater diameter D3, for example with a cross-sec-
tion two or more times the cross-section of the mixing
chamber 19, to be poured or injected into a mould or
poured onto a substrate. Good results have been ob-
tained by choosing a diameter D1 between 3.5 and 32
mm, and a diameter D2 between 1 and 10 mm, and
choosing a diameter D3 between 4 and 45 mm.
[0039] The pressure of the polymeric components A
and B in the common pressure chamber 12 and the ki-
netic energy of the co-injection jet, can be suitably con-
trolled by narrowing the area of the open section of the
co-injection orifice 27 by adjusting and setting the fore
end of the cleaning member 28 in its retracted condition,
in respect to the same co-injection orifice 27; as the sec-
ond cleaning member 28 is physically and operatively
separated from the first cleaning and valve member 20,
the operative condition of the second cleaning member
28 for setting the co-injection orifice 27 is no manner in-
fluenced by the movement of the first cleaning member
20, by the control pressure of the hydraulic actuator and
by the flowing mixture. The retracted operative position
of the second cleaning member 28 for setting and throt-
tling the co-injection orifice 27 can thus be stably main-
tained during operation of the mixing device, or adjusted
by varying in relation to the total flowrate of delivered
mixture, ensuring a constant control of the pressure in-
side the pressure chamber 12 and, consequently, a con-
stant control of the mixing degree of the polymeric com-
ponents A and B.
[0040] In this regard, the correct positioning of the sec-
ond cleaning member 28 in the retracted condition for
setting and throttling the co-injection orifice 27, can be
controlled and adjusted in an extremely simply mode, for
example by providing an adjustable stop member or stop
means 37 for the piston 29 of the hydraulic actuator 30,
the axial position of which, in the example shown, can
be simply changed by screwing and locking the piston
29 in a desired position, for example by a screw 38, or
with any other locking devices suitable for this purpose.
The stop means 37 can therefore be configured in any
way, providing a manual or automatic adjusting system,
as explained further on.
[0041] According to the invention, the mixing method
accelerates, makes turbulent and maintains in a turbulent
state the flow of polymeric components which are co-
injected in an unmixed condition into the mixing chamber,
by varying and setting the restriction of the co-injection
orifice 27, to generate a pressure drop between the pres-
sure chamber 12 and the mixing chamber 11 equal to or

greater than 40-60 bar (4-6 MPa).
[0042] It has been said that the end portion 20’ of the
cleaning member 20 and fore portion 12’ of the pressure
chamber 12 can have any mating and converging con-
figuration, so as to permit in the totally advanced position
of the cleaning member 20, a mating contact of the con-
vergent end portion of the same cleaning member 20
with the fore portion 12’ of the pressure chamber 12. In
the example in figures 1-6 a conical configuration has
been shown in which the length of the fore portion 12’ of
the pressure chamber 12 is equal to the radius of the
same mixing chamber 19, with a convergency angle
greater than 90°; in fact, the length and the convergency
angle of the fore portion 12’ of the pressure chamber 12
can also be varied with respect to what has been shown.
[0043] Figures 7 and 8 show a second possible con-
vergent shape of the fore portion 12’ of the pressure
chamber 12, of the end portion 20’ of the cleaning mem-
ber 20, and of the convergence angle. In Figures 7 and
8 the same reference numbers have been used as in the
previous figures to indicate similar or equivalent parts;
further, for reasons of simplicity, some parts have been
omitted.
[0044] From the aforesaid figures, it is noted that the
fore portion 12’ of the pressure chamber 12 is configured
with a flat surface 40, rearwardly slanted with respect to
the longitudinal axis of the chamber 12, which forms with
respect to this axis a convergence angle equal to or great-
er than 30°, for example between 30° and 90°.
[0045] The mixing chamber 19 is again oriented trans-
versely and partially intersects the fore portion 12’ of the
pressure chamber 12, forming a narrowed elongated re-
striction of the injection orifice for the co-injection of the
polymeric components A, B, in an unmixed condition.
[0046] In a completely similar manner, also the end
portion 20’ of the cleaning member 20 terminates with a
similarly flat slanting surface 41, to come into a mating
contact with the slanted flat surface 40 of the forwardly
converging fore portion of the pressure chamber in the
totally advanced condition of the cleaning member 20,
to eject the remaining unmixed components A, B from
the pressure chamber 12 at the end of each mixing step.
[0047] Figures 9 and 10 show a third converging shape
of the fore portion 12’ of the pressure chamber 12, of the
end portion 20’ of the cleaning member 20, and the re-
spective convergence angle. In figures 9 and 10 the same
reference numbers have again been used as in the pre-
vious examples to indicate similar or equivalent parts;
further, some parts have been omitted again.
[0048] The solution of figures 9 and 10 differs from the
preceding solutions because now both the fore portion
12’ of the pressure chamber 12 and the end portion 20’
of the cleaning member 20 are configured with two flat
oppositely slanted surfaces 42’, 42", respectively 43’,
43", which are converging forwards in respect to the lon-
gitudinal axis of the pressure chamber 12, and towards
the co-injection orifice 27, forming a convergence angle
equal to or greater than 40°, for example comprised be-
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tween 40° and 180°. Again, in figures 9 and 10, with the
reference number 20" a semicylindrical cavity has been
shown at the end portion 20’ of the cleaning member 20,
that conforms to the co-injection orifice, and to the cur-
vature radius of the side wall of the mixing chamber 19,
in which the cavity 20" is oriented transversely to the two
slanted surfaces 43’ and 43", and extends again parallel
to the longitudinal axis of the mixing chamber 19.
[0049] Figures 11 and 12 show a fourth solution that
differs from the preceding ones inasmuch as the forward-
ly converging fore portion 12’ of the pressure chamber
12, and the end portion 20’ of the cleaning member 20,
are configured by a semispherical surface 44 and respec-
tively 45, having a same curvature radius; on the other
hand, also the solution of figures 11 and 12 comprises
the features and operates in the same manner as the
previous solutions. Accordingly, also in figures 11 and
12 the same reference numbers as for the preceding fig-
ures have been used again to indicate similar or equiv-
alent parts.
[0050] Figure 13 of the drawings shows a second em-
bodiment of a mixing device 10 according to the inven-
tion; in figure 13 the same reference numbers as for the
preceding figures have been used again to indicate sim-
ilar or equivalent parts.
[0051] In the previous case of figures 1 and 2, the mix-
ing device 10 was provided with a pressure chamber 12,
with a mixing chamber 19 and with a delivery conduit 31
angularly oriented according to three different vectorial
axes. The solution of figure 13, maintaining all the inno-
vative features of the method and of the mixing device
of figures 1-6, differs inasmuch as now the delivery con-
duit 31 is axially aligned and constitutes an extension of
the same diameter as the mixing chamber 19; the delivery
conduit 31 furthermore terminates with a spray nozzle
46 of the self-cleaning type. Thus the cleaning member
28 extends over the entire length of the mixing chamber
19 and the delivery conduit 31, up to the exit hole 47 of
the spray nozzle 46. For the remaining, the mixing device
of figure 13 has the same innovative features and oper-
ates in a very similar manner to the devices previously
disclosed.
[0052] In a manner substantially corresponding to that
of figure 2, the high-pressure mixing device of figure 13
is again provided with stop means 37 for the piston 29
of the hydraulic actuator 30 of the cleaning member 28
that sequentially performs the setting of the pressure in
the pressure chamber, the cleaning of the mixing cham-
ber 19, the delivery conduit 31 and the exit hole 47 of the
spray nozzle 46, and in which the stop means 37 can be
manually adjusted by screwing in a threaded hole pro-
vided at the rear head 30’ of the hydraulic actuator 30.
[0053] Alternatively to the use of the manually adjust-
able stop means 37 of figure 13, it is possible to use a
stop means which is automatically adjustable, as shown
in figure 14, substantially consisting of a slider 37’, axially
guided into the rear head 30’ of the hydraulic actuator
30; the slider 37’ is operatively connected to an actuator

48 consisting, for example, of an electric or hydraulic ac-
tuator. The actuator 48 is operatively connected to a con-
trol unit 49 configured for calculating and setting the
cleaning member 28 in a preset adjusted position; the
control unit 49 is able to perform a predictive calculation
of the retracted position of the cleaning member 28 to
open and throttle the co-injection orifice 27, both prelim-
inarily, i.e. before delivering the reactive mixture, and dur-
ing the same delivering step.
[0054] The spray nozzle 46 and the cleaning member
28 can be configured differently; certain embodiments of
the spray nozzle 46 and the cleaning member 28 are
shown by way of example in figures 15 to 20.
[0055] As shown in figures 13, 14 and in figures 15, 16
and 17, the nozzle 46 is configured with an axial bore 47
that is axially aligned to the mixing chamber 19 and to
the delivery conduit 31; the axial bore 47 partially inter-
sects a V-shaped transverse cut 50 having two divergent
flat walls 50’ and 50" that extend from a narrowed orifice
51, figure 15, to the lower end of the bore 47.
[0056] In particular, as schematically shown, the fore
end 28’ of the cleaning member 28, in the advanced po-
sition of the latter come into contact and is matching the
internal shaped surface of the lower end 47’ of the bore
47, at the orifice 51, as shown in figures 16 and 17, where
the space between the cleaning member 28 and the bore
47, for reasons of clarity, has been deliberately enlarged.
In this manner a self-cleaning high-pressure mixing de-
vice is obtained, of the type disclosed, provided with a
self-cleaning spray nozzle 46 that does not require the
use of air jets to be cleaned, inasmuch as it is able to
eject all the residual mixture in the mixing chamber 19
and in the bore 47 of the nozzle 46.
[0057] The end 28’ of the cleaning member 28 intended
to come into contact with and matching the shaped inside
end of the bore 47, can have any conformation; for ex-
ample in figures 16, 17 and in the detail of figure 18, the
end 28’ of the cleaning member 28 is conformed as a
cap having, on two sides, a semicylindrical surface
28" the axis of which is oriented orthogonally to the lon-
gitudinal axis of the cleaning member 28.
[0058] Lastly, figures 19 and 20 show two further em-
bodiments of the fore end 28’ of the cleaning member
28, also intended to come into contact with and conform
to a suitable shaped surface inside the bore 47.
[0059] In particular in figures 19 the end 28’ of the
cleaning member 28 is configured again as a cap
28’" with a toric shape, that substantially consists of a
quarter torus; otherwise, according to the solution of fig-
ure 20, the fore end 28’ of the cleaning member 28, ter-
minates with a spherical cap 28IV which, as in the pre-
ceding examples, is meshing to the cylindrical surface of
the cleaning member 28.
[0060] It is thus clear that the mixing device according
to the invention is further characterised by comprising a
mixing chamber 19 that extends in a cylindrical delivery
conduit provided with a self-cleaning spray nozzle for a
resulting polymeric mixture, in which the cleaning mem-
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ber of the mixing chamber, in the advanced position
thereof, extends in the delivery conduit and through an
eject bore of the spray nozzle, configuring the fore end
of the cleaning member of the mixing chamber with a
shape that conforms to and match an internal surface of
the ejection bore.

Claims

1. A method for mixing a first (A) and at least a second
(B) polymeric reactive component by a self-cleaning
high-pressure mixing device (10) comprising a pres-
sure chamber (12) configured with a forwardly con-
verging fore portion (12’) in fluid communication with
a mixing chamber (19) through a settable co-injec-
tion orifice (27);
comprising the steps of:

feeding the first and at least the second reactive
components (A, B) into the pressure chamber
(12) maintaining the reactive components (A, B)
inside the pressure chamber (12) at a same
pressure and in an unmixed state;
flowing the reactive components (A, B) at said
pressure and in the unmixed state, into the pres-
sure chamber (12) and into the forwardly con-
verging fore portion (12’) to increase the flow
velocity;
co-injecting the unmixed components (A, B) into
the mixing chamber (19), causing a pressure
drop by the settable co-injection orifice (27); and
ejecting the remaining unmixed reactive com-
ponents (A, B) from the pressure chamber (12)
and from the forwardly converging fore portion
(12’), and ejecting a remaining mixture from the
mixing chamber (19), by first and respectively
second cleaning members (20, 28) having a fore
end, the cleaning members (20, 28) being recip-
rocable between a retracted and an advanced
condition in the pressure chamber (12), respec-
tively in the mixing chamber (12, 15) of the mix-
ing device (10);
characterised by the steps of:

configuring the co-injection orifice (27) in
the form of an elongated restriction longitu-
dinally extending on a side wall of the mixing
chamber (19), transversely oriented and in-
tersecting the forwardly converging fore
portion (12’) of the pressure chamber (12);
adjusting the pressure of the unmixed reac-
tive components (A, B) in the pressure
chamber (12), setting an open section of the
elongated restriction of the co-injection ori-
fice (27) by adjusting, in respect to the same
co-injection orifice, the position of the fore
end of the second cleaning member (28) at

the retracted condition thereof; and
co-injecting the unmixed reactive compo-
nents (A, B) into the mixing chamber (19),
causing a pressure drop and mixing the re-
active components (A, B), while they are
flowing through the set open section of the
co-injection orifice (28) and into the mixing
chamber (19) of the mixing device (10).

2. The method according to claim 1, characterised by
providing between the pressure chamber (12) and
the mixing chamber (19) a pressure drop equal to or
greater than 40 bar (4 MPa) by changing the open
section of the co-injection orifice (27) to generate
turbulent conditions in the flow of the unmixed poly-
meric components (A, B) while they are injected into
the mixing chamber (19) through the co-injection or-
ifice (27).

3. The method according to claim 2, characterised by
changing the open section of the co-injection orifice
(27) by adjusting the position of the fore end of the
second cleaning member (28) in the retracted posi-
tion of the same cleaning member (28).

4. The method according to claim 1, characterised by
providing a mixing chamber (19) axially extending in
a cylindrical delivery conduit (31) provided with a
spraying nozzle (46) having a hole (47) for ejecting
the resulting polymeric mixture, wherein the cleaning
member (28) of the mixing chamber (19), in the ad-
vanced condition extends in the delivery conduit (31)
and through an ejection hole (47) of the spray nozzle
(46), and by configuring the fore end (28’) of the
cleaning member (28) of the mixing chamber (19),
with a shape conforming to an internal surface (47’)
of the ejection hole (47).

5. A self-cleaning high-pressure mixing device (10)
suitable for mixing polymeric reactive components
(A, B) according to the method of claim 1, the mixing
device (10) comprising:

a cylindrical pressure chamber (12) having a di-
ameter (D1) and a forwardly converging fore
portion (12’);
a cylindrical mixing chamber (19) having a di-
ameter (D2) comparatively smaller than the di-
ameter (D1) of the pressure chamber (12);
the forwardly converging fore portion (12’) of the
pressure chamber (12) being in fluid communi-
cation with the mixing chamber (19) through a
settable open section of a co-injection orifice
(27);
first and second cleaning members (20, 28)
each having a fore end, which are reciprocable
in the pressure chamber (12) respectively in the
mixing chamber (19) between a retracted and
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an advanced condition; and
hydraulic actuators (26, 30) to sequentially re-
ciprocate the first and second cleaning mem-
bers (20, 28);
characterised in that
the settable co-injection orifice (27) consists of
an elongated restriction longitudinally extending
on a side wall of the mixing chamber (19) trans-
versely oriented to and intersecting the forward-
ly converging fore portion (12’) of the pressure
chamber (12); and comprising
adjustable stop means (37, 37’) for the second
cleaning member (28) configured to provide an
open section of the co-injection orifice (27) to
adjust the pressure of the unmixed reactive com-
ponents (A, B) in the pressure chamber (12), by
setting the position of the fore end of the second
cleaning member (28) in the retracted condition,
in respect to the elongated restriction of the co-
injection orifice (27).

6. The self-cleaning high-pressure mixing device (10)
according to claim 5, characterised in that the mix-
ing chamber (19) has a diameter (D2) comparatively
lower than the diameter (D1) of the pressure cham-
ber (12).

7. The self-cleaning high-pressure mixing apparatus
(10) according to claim 6, characterised in that the
ratio D1/D2 between the diameter (D1) of the pres-
sure chamber (12) and the diameter (D2) of the mix-
ing chamber (19) is comprised between 1,4 and 15.

8. The self-cleaning high-pressure mixing device (10)
according to claim 5, characterised in that the for-
wardly converging fore portion (12’) of the pressure
chamber (12) and a forwardly converging end portion
(20’) of the first cleaning member (20) of the pressure
chamber (12) have a convergence angle comprised
between 40° and 180°.

9. The self-cleaning high-pressure mixing device (10)
according to claim 8, characterised in that the for-
wardly converging fore portion (12’) of the pressure
chamber (12) and the end portion (20’) of the first
cleaning member (20) intended to come into contact
with one another, are configured with a backward
slanted flat surface (40, 41) with respect to the co-
injection orifice (27), by an angle comprised between
30° and 90°.

10. The self-cleaning high-pressure mixing device (10)
according to claim 8, characterised in that the for-
wardly converging fore portion (12’) of the pressure
chamber (12) and end portion (20’) of the first clean-
ing member (20) intended to come into contact with
one another, are configured with mating conical sur-
faces.

11. The self-cleaning high-pressure mixing device (10)
according to claim 8, characterised in that the for-
wardly converging fore portion (12’) of the pressure
chamber (12) and end portion (20’) of the first clean-
ing member (20) intended to come into contact with
one another, are configured with two opposite mating
flat surfaces (42’, 42"; 43’, 43"), converging towards
the co-injection orifice (27), by an angle comprised
between 40° and 180°.

12. The self-cleaning high-pressure mixing device (10)
according to claim 5, characterised in that the for-
wardly converging fore portion (12’) of the pressure
chamber (12) and the end portion (20’) of the clean-
ing member (20) are configured with matching sem-
ispherical surfaces (44, 45).

13. The self-cleaning high-pressure mixing device (10)
according to claim 5, characterised in that the
cleaning member (28) of the mixing chamber (19) is
movable between an advanced closure position and
a retracted opening and throttling position for the co-
injection nozzle (27); and comprises manually or au-
tomatically adjustable stop means (37) for stopping
the cleaning member (28) of the mixing chamber
(19), in the retracted position for setting the open
section of the co-injection orifice (27).

14. The self-cleaning high-pressure mixing device (10)
according to claim 5, characterised in that the pres-
sure chamber (12), the mixing chamber (19) and the
delivering conduit (31) are oriented according to
three different vector directions.

15. The self-cleaning high-pressure mixing device (10)
according to claim 5 characterised in that the di-
ameter (D2) of the cleaning member (19) and of the
mixing chamber (28) is at least one half the diameter
(D1) of the pressure chamber (12).

16. The self-cleaning high-pressure mixing device (10)
according to claim 5, characterised in that the lon-
gitudinal axis of the mixing chamber (19) forms, with
the longitudinal axis of the pressure chamber (12),
an angle comprised between 15° and 165°.

17. The self-cleaning high-pressure mixing device (10)
according to claim 5, characterised by comprising
a delivery conduit (13) for the resulting mixture, ax-
ially aligned to the mixing chamber (19), and com-
prising a self-cleaning spray nozzle (46).

18. The self-cleaning high-pressure mixing device (10)
according to claim 17, characterised in that the
cleaning member (28) of the mixing chamber (19) is
movable between a retracted position for setting the
open section of the co-injection orifice (27), and an
advanced closure position in which extends into the
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mixing chamber (19), the delivery conduit (31) and
through the spray nozzle (46).

19. The self-cleaning high-pressure mixing device (10)
according to claim 18, characterised in that the
cleaning member (28) for the mixing chamber (19),
the discharging conduit (31) and the spray nozzle
(46) is configured with an end portion conforming to
an internal surface of an axial bore (47) of the spray
nozzle (46).

Patentansprüche

1. Eine Methode zum Mischen einer ersten (A) und
mindestens einer zweiten (B) polymeren, reaktiven
Komponente durch eine selbstreinigende Hoch-
druckmischvorrichtung (10), die eine Druckkammer
(12) umfasst, konfiguriert mit einem nach vorne kon-
vergierenden vorderen Abschnitt (12’), über eine
einstellbare Co-Einspritzöffnung (27) in Fluidkom-
munikation mit einer Mischkammer (19);
die die Schritte umfasst:

Einspritzen der ersten und mindestens der zwei-
ten reaktiven Komponente (A, B) in die Druck-
kammer (12) wobei die reaktiven Komponenten
(A, B) in der Druckkammer (12) unter dem glei-
chen Druck in einem unvermischten Zustand
gehalten werden:

die reaktiven Komponenten (A, B) unter
dem genannten Druck und in unvermisch-
tem Zustand in die Druckkammer (12) und
in den nach vorne konvergierenden vorde-
ren Abschnitt (12’) strömen lassen, um die
Fließgeschwindigkeit zu erhöhen;
die unvermischten reaktiven Komponenten
(A, B) in die Mischkammer (19) zu co-inji-
zieren, was einen Druckabfall über die ein-
stellbare Co-Einspritzöffnung (27) verur-
sacht; und
die restlichen unvermischten reaktiven
Komponenten (A, B) aus der Druckkammer
(12) und aus dem nach vorne konvergieren-
den vorderen Abschnitt (12’) ausstoßen,
und eine restliche Mischung aus der Misch-
kammer (19) mittels des ersten bzw. zwei-
ten Reinigungselementes (20, 28) aussto-
ßen, die einen Vorderschaft haben, die Rei-
nigungselemente (20, 28), sind hin-und her-
bewegbar zwischen einem zurückgezoge-
nen und einem ausgeschobenen Zustand
in der Druckkammer (12), bzw. in der Misch-
kammer (12, 15) der Mischvorrichtung (10);
gekennzeichnet durch die Schritte:

Konfigurierung der Co-Einspritzöff-

nung (27) in der Form einer länglichen
Verjüngung, die sich längs über eine
Seitenwand der Mischkammer (19) er-
streckt, in Querrichtung verlaufend und
den nach vorne konvergierenden vor-
deren Abschnitt (12’) der Druckkam-
mer (12) schneidend;
Einstellung des Drucks der unver-
mischten reaktiven Komponenten (A,
B) in der Druckkammer (12), in dem ein
offener Abschnitt der länglichen Ver-
jüngung der Co-Einspritzöffnung (27)
eingestellt wird, indem, unter Beach-
tung derselben Co-Einspritzöffnung,
die Position des Vorderschaftes des
zweiten Reinigungselementes (28) in
seinen zurückgezogenen Zustand ge-
bracht wird, und Co-Einspritzung der
unvermischten reaktiven Komponen-
ten (A, B) in die Mischkammer (19); was
einen Druckabfall verursacht; und
Mischen der reaktiven Komponenten
(A, B) während sie durch den offenen
Abschnitt der Co-Einspritzöffnung (28)
und in die Mischkammer (19) der
Mischvorrichtung (10) strömen.

2. Die Methode gemäß Anspruch 1, dadurch gekenn-
zeichnet, dass zwischen der Druckkammer (12)
und der Mischkammer (19) ein Druckabfall gleich
oder größer 40 bar (4MPa) erzeugt wird, indem der
offene Abschnitt der Co-Einspritzöffnung (27) so ver-
ändert wird, dass er eine Verwirbelung im Strom der
unvermischten reaktiven Komponenten (A, B) er-
zeugt, während sie durch die Co-Einspritzöffnung
(27) in die Mischkammer (19) eingespritzt werden.

3. Die Methode gemäß Anspruch 2, dadurch gekenn-
zeichnet, dass der offene Abschnitt der Co-Einsprit-
zöffnung (27) durch Einstellung der Position des Vor-
derschaftes des zweiten Reinigungselementes (28)
in den zurückgezogenen Zustand desselben Reini-
gungselementes (28) verändert wird.

4. Die Methode gemäß Anspruch 1, dadurch gekenn-
zeichnet, dass eine Mischkammer (19) zur Verfü-
gung steht, die sich axial in einem zylindrischen Zu-
führungskanal (31) erstreckt, versehen mit einer
Spritzdüse (46), mit einem Loch (47) zum Ausstoßen
der sich ergebenden Polymermischung, wobei das
Reinigungselement (28) der Mischkammer (19) im
vorgeschobenen Zustand, in den Zuführungskanal
(31) reicht und durch ein Ausstoßloch (47) der Spritz-
düse (46), und durch Konfigurieren des Vorderschaf-
tes (28’) des Reinigungselementes (28) der Misch-
kammer (19) in einer Form, die einer Innenfläche
(47’) des Ausstoßlochs (47) entspricht.
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5. Eine selbstreinigende Hochdruck-Mischvorrichtung
(10), zur geeigneten Mischung polymerer, reaktiver
Komponenten (A, B) gemäß der Methode nach An-
spruch 1, wobei die Mischvorrichtung (10) umfasst:

eine zylindrische Druckkammer (12) mit einem
Durchmesser (D1) und einen nach vorne kon-
vergierenden vorderen Abschnitt (12’) ;
eine zylindrische Mischkammer (19) mit einem
Durchmesser (D2), der vergleichsweise kleiner
ist als der Durchmesser (D1) der Druckkammer
(12);
den nach vorne konvergierenden, vorderen Ab-
schnitt (12’) der Druckkammer, der sich über ei-
nen einstellbaren offenen Abschnitt einer Co-
Einspritzöffnung (27) in Fluidverbindung (12) mit
der Mischkammer (19) befindet;
erste und zweite Reinigungselemente (20, 28),
jedes mit einem Vorderschaft, die in der Druck-
kammer (12), bzw. in der Mischkammer (19)
zwischen einem zurückgezogenen und einem
ausgeschobenen Zustand hin-und her bewegt
werden können;
und
hydraulische Stellglieder (26, 30) um sequentiell
das erste und das zweite Reinigungselement
(20, 28) hin-und her zu bewegen;
dadurch gekennzeichnet, dass
der einstellbare offene Abschnitt der Co-Ein-
spritzöffnung (27) aus einer länglichen Verjün-
gung besteht, die sich längs über eine Seiten-
wand der Mischkammer (19) erstreckt, verlau-
fend in Querrichtung zu dem nach vorne kon-
vergierenden vorderen Abschnitt (12’) der
Druckkammer (12) und diesen kreuzend; und
bestehend aus
regelbaren Anschlagmittel (37, 37’) für das zwei-
te Reinigungselement (28), konfiguriert zur Be-
reitstellung eines offenen Abschnitts der Co-
Einspritzöffnung (27), um den Druck der unver-
mischten reaktiven Komponenten (A, B) in der
Druckkammer (12) anzupassen, indem die Po-
sition des Vorderschaftes des zweiten Reini-
gungselementes (28) in den zurückgezogenen
Zustand, bezogen auf die längliche Verjüngung
der Co-Einspritzöffnung (27) eingestellt wird.

6. Die selbstreinigende Hochdruck-Mischvorrichtung
(10) gemäß Anspruch 5, dadurch gekennzeichnet,
dass die Mischkammer (19) einen Durchmesser
(D2) hat, der vergleichsweise kleiner ist als der
Durchmesser (D1) der Druckkammer (12).

7. Die selbstreinigende Hochdruck-Mischvorrichtung
(10) gemäß Anspruch 6, dadurch gekennzeichnet,
dass das Verhältnis D1/D2 zwischen dem Durch-
messer (D1) der Druckkammer (12) und dem Durch-
messer (D2) der Mischkammer (19) zwischen 1,4

und 15 liegt.

8. Die selbstreinigende Hochdruck-Mischvorrichtung
(10) gemäß Anspruch 5, dadurch gekennzeichnet,
dass der nach vorne konvergierende vordere Ab-
schnitt (12’) der Druckkammer (12) und ein nach vor-
ne konvergierender hinterer Abschnitt (20’) des ers-
ten Reinigungselementes (20) der Druckkammer
(12) einen Konvergenzwinkel zwischen 40° und 180°
aufweist.

9. Die selbstreinigende Hochdruck-Mischvorrichtung
(10) gemäß Anspruch 8, dadurch gekennzeichnet,
dass der nach vorne konvergierende vordere Ab-
schnitt (12’) der Druckkammer (12) und der hintere
Abschnitt (20’) des ersten Reinigungselementes
(20), die miteinander in Kontakt kommen sollen, kon-
figuriert sind mit einer flachen Fläche (40, 41), die
bezogen auf die Co-Einspritzöffnung (27) nach rück-
wärts in einem Winkel zwischen 30° und 90° abge-
schrägt ist.

10. Die selbstreinigende Hochdruck-Mischvorrichtung
(10) gemäß Anspruch 8, dadurch gekennzeichnet,
dass der nach vorne konvergierende vordere Ab-
schnitt (12’) der Druckkammer (12) und der hintere
Abschnitt (20’) des ersten Reinigungselementes
(20), die miteinander in Kontakt kommen sollen, mit
zueinander passenden konischen Flächen konfigu-
riert sind.

11. Die selbstreinigende Hochdruck-Mischvorrichtung
(10) gemäß Anspruch 8, dadurch gekennzeichnet,
dass der nach vorne konvergierende vordere Ab-
schnitt (12’) der Druckkammer (12) und der hintere
Abschnitt (20’) des ersten Reinigungselementes
(20), die miteinander in Kontakt kommen sollen, kon-
figuriert sind mit zwei gegenüberliegenden, zuein-
ander passenden, ebenen Flächen (42’ , 42"; 43’,
43"), die zur Co-Einspritzöffnung (27) in einem Win-
kel zwischen 40° und 180° konvergieren.

12. Die selbstreinigende Hochdruck-Mischvorrichtung
(10) gemäß Anspruch 5, dadurch gekennzeichnet,
dass der nach vorne konvergierende vorderen Ab-
schnitt (12’) der Druckkammer (12) und der hintere
Abschnitt (20’) des ersten Reinigungselementes
(20), mit zueinander passenden halbkugeligen Flä-
chen (44, 45) konfiguriert sind.

13. Die selbstreinigende Hochdruck-Mischvorrichtung
(10) gemäß Anspruch 5, dadurch gekennzeichnet,
dass das Reinigungselement (28) der Mischkam-
mer (19) beweglich ist zwischen einer vorgeschobe-
nen, Schließposition und einer zurückgezogenen,
öffnenden und drosselnden Position der Co-Ein-
spritzdüse (27); und sie umfasst manuell oder auto-
matisch einstellbare Anschlagmittel (37), um das
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Reinigungselement (28) der Mischkammer (19) in
der zurückgezogenen Position zu stoppen, um den
offenen Abschnitt der Co-Einspritzöffnung (27) ein-
zustellen.

14. Die selbstreinigende Hochdruck-Mischvorrichtung
(10) gemäß Anspruch 5, dadurch gekennzeichnet,
dass die Druckkammer (12), die Mischkammer (19)
und der Zuführungskanal (31) entsprechend drei
verschiedener Vektorrichtungen ausgerichtet sind.

15. Die selbstreinigende Hochdruck-Mischvorrichtung
(10) gemäß Anspruch 5, dadurch gekennzeichnet,
dass der Durchmesser (D2) des Reinigungselemen-
tes (28) und der Mischkammer (19) mindestens die
Hälfte des Durchmessers (D1) der Druckkammer
(12) umfasst.

16. Die selbstreinigende Hochdruck-Mischvorrichtung
(10) gemäß Anspruch 5, dadurch gekennzeichnet,
dass die Längsachse der Mischkammer (19) mit der
Längsachse der Druckkammer (12) einen Winkel
zwischen 15° und 165° bildet.

17. Die selbstreinigende Hochdruck-Mischvorrichtung
(10) gemäß Anspruch 5, dadurch gekennzeichnet,
dass sie einen Zuführungskanal (13) für die resul-
tierende Mischung umfasst, axial zur Mischkammer
(19) angeordnet und eine selbstreinigende Spritzdü-
se (46) enthaltend.

18. Die selbstreinigende Hochdruck-Mischvorrichtung
(10) gemäß Anspruch 17, dadurch gekennzeich-
net, dass das Reinigungselement (28) der Misch-
kammer (19) beweglich ist zwischen einer zurück-
gezogenen Position zur Einstellung des offenen Ab-
schnitts der Co-Einspritzdüse (27) und einer vorge-
schobenen Verschlussposition in der es sich in die
Mischkammer (19), den Zuführungskanal (31) und
durch die Spritzdüse (46) erstreckt.

19. Die selbstreinigende Hochdruck-Mischvorrichtung
(10) gemäß Anspruch 18, dadurch gekennzeich-
net, dass das Reinigungselement (28) für die Misch-
kammer (19), den Zuführungskanal (31) und die
Spritzdüse (46) mit einem Endabschnitt konfiguriert
ist, der zu einer Innenfläche eines axialen Lochs (47)
der Spritzdüse (46) passt.

Revendications

1. Procédé de mélange d’un premier (A) et d’au moins
un second (B) composant réactif polymérique grâce
à un dispositif de mélange haute pression autonet-
toyant (10) comprenant une chambre sous pression
(12) configurée avec une portion avant convergeant
vers l’avant (12’) en communication fluidique avec

une chambre de mélange (19) via un orifice de co-
injection réglable (27) ;
comprenant les étapes :

d’alimentation du premier et du au moins un se-
cond composant réactif (A, B) dans la chambre
sous pression (12) en maintenant les compo-
sants réactifs (A, B) à l’intérieur de la chambre
sous pression (12) à une même pression et dans
un état non mélangé ;
d’écoulement des composants réactifs (A, B) à
ladite pression et dans l’état non mélangé, dans
la chambre sous pression (12) et dans la portion
avant convergeant vers l’avant (12’) pour aug-
menter la vitesse d’écoulement ;
de co-injection des composants non mélangés
(A, B) dans la chambre de mélange (19), provo-
quant une chute de pression grâce à l’orifice de
co-injection réglable (27) ; et
d’éjection des composants réactifs non mélan-
gés restants (A, B) de la chambre sous pression
(12) et de la portion avant convergeant vers
l’avant (12’), et d’éjection d’un mélange restant
de la chambre de mélange (19), grâce à des
premier et respectivement second organes de
nettoyage (20, 28) ayant une extrémité avant,
les organes de nettoyage (20, 28) étant animés
d’un mouvement de va-et-vient entre une con-
dition rétractée et une condition avancée dans
la chambre sous pression (12), respectivement
dans la chambre de mélange (12, 15) du dispo-
sitif de mélange (10) ;
caractérisé par les étapes :

de configuration de l’orifice de co-injection
(27) sous forme d’un étranglement allongé
s’étendant longitudinalement sur une paroi
latérale de la chambre de mélange (19),
orienté transversalement à et coupant la
portion avant convergeant vers l’avant (12’)
de la chambre sous pression (12) ;
d’ajustement de la pression des compo-
sants réactifs non mélangés (A, B) dans la
chambre sous pression (12), réglant une
section ouverte de l’étranglement allongé
de l’orifice de co-injection (27) par ajuste-
ment, par rapport au même orifice de co-
injection, de la position de l’extrémité avant
du second organe de nettoyage (28) dans
sa condition rétractée ; et
de co-injection des composants réactifs non
mélangés (A, B) dans la chambre de mé-
lange (19), provoquant une chute de pres-
sion et de mélange des composants réactifs
(A, B), pendant qu’ils s’écoulent à travers la
section ouverte réglée de l’orifice de co-in-
jection (28) et dans la chambre de mélange
(19) du dispositif de mélange (10).
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2. Procédé selon la revendication 1, caractérisé par
la fourniture entre la chambre sous pression (12) et
la chambre de mélange (19) d’une chute de pression
supérieure ou égale à 40 bar (4 MPa) par change-
ment de la section ouverte de l’orifice de co-injection
(27) pour générer des conditions turbulentes dans
l’écoulement des composants polymériques non
mélangés (A, B) pendant qu’ils sont injectés dans la
chambre de mélange (19) à travers l’orifice de co-
injection (27).

3. Procédé selon la revendication 2, caractérisé par
le changement de la section ouverte de l’orifice de
co-injection (27) par ajustement de la position de
l’extrémité avant du second organe de nettoyage
(28) dans la position rétractée du même organe de
nettoyage (28).

4. Procédé selon la revendication 1, caractérisé par
la fourniture d’une chambre de mélange (19) s’éten-
dant axialement dans un conduit d’amenée cylindri-
que (31) pourvu d’une buse de pulvérisation (46)
ayant un trou (47) permettant d’éjecter le mélange
polymérique résultant, dans lequel l’organe de net-
toyage (28) de la chambre de mélange (19), dans la
condition avancée s’étend dans le conduit d’amenée
(31) et à travers un trou d’éjection (47) de la buse
de pulvérisation (46), et par la configuration de l’ex-
trémité avant (28’) de l’organe de nettoyage (28) de
la chambre de mélange (19), avec une forme se con-
formant à une surface interne (47’) du trou d’éjection
(47).

5. Dispositif de mélange haute pression autonettoyant
(10) approprié pour mélanger des composants réac-
tifs polymériques (A, B) selon le procédé de la re-
vendication 1, le dispositif de mélange (10)
comprenant :

une chambre sous pression cylindrique (12)
ayant un diamètre (D1) et une portion avant con-
vergeant vers l’avant (12’) ;
une chambre de mélange cylindrique (19) ayant
un diamètre (D2) comparativement plus petit
que le diamètre (D1) de la chambre sous pres-
sion (12) ;
la portion avant convergeant vers l’avant (12’)
de la chambre sous pression (12) étant en com-
munication fluidique avec la chambre de mélan-
ge (19) via une section ouverte réglable d’un
orifice de co-injection (27) ;
des premier et second organes de nettoyage
(20, 28) ayant chacun une extrémité avant, qui
sont animés d’un mouvement de va-et-vient
dans la chambre sous pression (12) respective-
ment dans la chambre de mélange (19) entre
une condition rétractée et une condition
avancée ; et

des actionneurs hydrauliques (26, 30) pour ani-
mer de façon séquentielle les premier et second
organes de nettoyage (20, 28) d’un mouvement
de va-et-vient ;
caractérisé en ce que
l’orifice de co-injection réglable (27) est consti-
tué d’un étranglement allongé s’étendant longi-
tudinalement sur une paroi latérale de la cham-
bre de mélange (19) orienté transversalement
à et coupant la portion avant convergeant vers
l’avant (12’) de la chambre sous pression (12) ;
et comprenant
un moyen d’arrêt ajustable (37, 37’) pour le se-
cond organe de nettoyage (28) configuré pour
fournir une section ouverte de l’orifice de co-in-
jection (27) pour ajuster la pression des compo-
sants réactifs non mélangés (A, B) dans la
chambre sous pression (12), par réglage de la
position de l’extrémité avant du second organe
de nettoyage (28) dans la condition rétractée,
par rapport à l’étranglement allongé de l’orifice
de co-injection (27).

6. Dispositif de mélange haute pression autonettoyant
(10) selon la revendication 5, caractérisé en ce que
la chambre de mélange (19) a un diamètre (D2) com-
parativement inférieur au diamètre (D1) de la cham-
bre sous pression (12).

7. Appareil de mélange haute pression autonettoyant
(10) selon la revendication 6, caractérisé en ce que
le rapport D1/D2 entre le diamètre (D1) de la cham-
bre sous pression (12) et le diamètre (D2) de la
chambre de mélange (19) est compris entre 1,4 et
15.

8. Dispositif de mélange haute pression autonettoyant
(10) selon la revendication 5, caractérisé en ce que
la portion avant convergeant vers l’avant (12’) de la
chambre sous pression (12) et une portion d’extré-
mité convergeant vers l’avant (20’) du premier orga-
ne de nettoyage (20) de la chambre sous pression
(12) ont un angle de convergence compris entre 40°
et 180°.

9. Dispositif de mélange haute pression autonettoyant
(10) selon la revendication 8, caractérisé en ce que
la portion avant convergeant vers l’avant (12’) de la
chambre sous pression (12) et la portion d’extrémité
(20’) du premier organe de nettoyage (20) destinées
à venir en contact l’une avec l’autre, sont configurées
avec une surface plate inclinée vers l’arrière (40, 41)
par rapport à l’orifice de co-injection (27), d’un angle
compris entre 30° et 90°.

10. Dispositif de mélange haute pression autonettoyant
(10) selon la revendication 8, caractérisé en ce que
la portion avant convergeant vers l’avant (12’) de la
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chambre sous pression (12) et la portion d’extrémité
(20’) du premier organe de nettoyage (20) destinées
à venir en contact l’une avec l’autre, sont configurées
avec des surfaces coniques d’appariement.

11. Dispositif de mélange haute pression autonettoyant
(10) selon la revendication 8, caractérisé en ce que
la portion avant convergeant vers l’avant (12’) de la
chambre sous pression (12) et la portion d’extrémité
(20’) du premier organe de nettoyage (20) destinées
à venir en contact l’une avec l’autre, sont configurées
avec deux surfaces plates d’appariement opposées
(42’, 42" ; 43’, 43"), convergeant vers l’orifice de co-
injection (27), d’un angle compris entre 40° et 180°.

12. Dispositif de mélange haute pression autonettoyant
(10) selon la revendication 5, caractérisé en ce que
la portion avant convergeant vers l’avant (12’) de la
chambre sous pression (12) et la portion d’extrémité
(20’) de l’organe de nettoyage (20) sont configurées
avec des surfaces semi-sphériques d’appariement
(44, 45).

13. Dispositif de mélange haute pression autonettoyant
(10) selon la revendication 5, caractérisé en ce que
l’organe de nettoyage (28) de la chambre de mélan-
ge (19) est mobile entre une position de fermeture
avancée et une position d’étranglement et d’ouver-
ture rétractée pour la buse de co-injection (27) ; et
comprend un moyen d’arrêt ajustable manuellement
ou automatiquement (37) permettant d’arrêter l’or-
gane de nettoyage (28) de la chambre de mélange
(19), dans la position rétractée permettant de régler
la section ouverte de l’orifice de co-injection (27).

14. Dispositif de mélange haute pression autonettoyant
(10) selon la revendication 5, caractérisé en ce que
la chambre sous pression (12), la chambre de mé-
lange (19) et le conduit d’amenée (31) sont orientés
selon trois directions vectorielles différentes.

15. Dispositif de mélange haute pression autonettoyant
(10) selon la revendication 5, caractérisé en ce que
le diamètre (D2) de l’organe de nettoyage (19) et de
la chambre de mélange (28) représente au moins la
moitié du diamètre (D1) de la chambre sous pression
(12).

16. Dispositif de mélange haute pression autonettoyant
(10) selon la revendication 5, caractérisé en ce que
l’axe longitudinal de la chambre de mélange (19) for-
me, avec l’axe longitudinal de la chambre sous pres-
sion (12), un angle compris entre 15° et 165°.

17. Dispositif de mélange haute pression autonettoyant
(10) selon la revendication 5, caractérisé en ce qu’il
comprend un conduit d’amenée (13) pour le mélange
résultant, aligné axialement avec la chambre de mé-

lange (19), et comprenant une buse de pulvérisation
autonettoyante (46).

18. Dispositif de mélange haute pression autonettoyant
(10) selon la revendication 17, caractérisé en ce
que l’organe de nettoyage (28) de la chambre de
mélange (19) est mobile entre une position rétractée
permettant de régler la section ouverte de l’orifice
de co-injection (27), et une position de fermeture
avancée dans laquelle s’étend le conduit d’amenée
(31) dans la chambre de mélange (19), et à travers
la buse de pulvérisation (46).

19. Dispositif de mélange haute pression autonettoyant
(10) selon la revendication 18, caractérisé en ce
que l’organe de nettoyage (28) pour la chambre de
mélange (19), le conduit d’évacuation (31) et la buse
de pulvérisation (46) est configuré avec une portion
d’extrémité se conformant à une surface interne d’un
alésage axial (47) de la buse de pulvérisation (46).
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