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Description
Technical Field

[0001] The present invention relates to a method and
an apparatus for producing microdroplets, and more par-
ticularly, relates to a method and an apparatus for pro-
ducing double emulsion-microcapsules.

Background Art

[0002] The inventors of the present invention have al-
ready filed a patent application relating to a method for
producing emulsions and microcapsules and an appara-
tus therefor as the following Patent Document 1.

Patent Document 1: WO 02/068104 A1.

[0003] EP 1362 634, which is a family member of Pat-
ent Document 1, discloses a method according to the
preamble of claim 1, and an apparatus according to the
preamble of claim 4, for rapidly producing an emulsion
and microcapsules.

Disclosure of Invention

[0004] The above prior art on production of microdro-
plets was further improved, and an object of the present
invention is to provide a method and an apparatus for
producing microdroplets with various embodiments.
[0005] The present invention provides a method and
an apparatus for producing microdroplets as claimed.

Brief Description of the Drawings
[0006]

Fig. 1 includes schematic views each showing the
state in which microdroplets are produced at a long
period using a cross microchannel when a flow rate
ratio between a dispersion phase and a continuous
phase is small, according to a first embodiment of
the present invention.

Fig. 2 is aview showing the state inwhich the droplets
are alternately produced, as shown in Fig. 1.

Fig. 3 is a photograph taken by a high-speed camera
showing the state in which microdroplets having uni-
form sizes and different components are produced.
Fig. 4 is a view showing the state in which microdro-
plets are sequentially produced, according to a sec-
ond embodiment which is not part of the present in-
vention.

Fig. 5 includes schematic views of an apparatus
showing the state in which microdroplets are pro-
duced at a short period using a cross microchan-
nel.when a flow rate ratio between a dispersion
phase and a continuous phase is large, according
to a third embodiment of the present invention.
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Fig. 6 is a schematic view showing the state of a
fourth embodiment according to the present inven-
tion in which double emulsion-microcapsules are
produced by using microdroplets which have uniform
sizes and have different components and which are
alternately produced at a regular period in the third
embodiment.

Fig. 7 is a view showing the state of production of a
WI/O/W type emulsion encapsulating two types of
microdroplets, according to the present invention.
Fig. 8 is a schematic view showing a modified em-
bodiment according to the first embodiment of the
present invention.

Fig. 9 is a schematic view showing the state of sep-
aration of satellite droplets, according to a fifth em-
bodiment which is not part of the present invention.
Fig. 10 is a view showing a modified embodiment
according to the fifth embodiment shown in Fig. 9.
Fig. 11 is a view showing the state of separation of
satellite droplets.

Fig. 12 is a view showing the shape of an acrylic
resin-made microchannel shown in Fig. 11.

Fig. 13 is a schematic view showing the state of sep-
aration of satellite droplets, according to a sixth em-
bodiment which is not part of the present invention.
Fig. 14 is a schematic view showing the state of pro-
duction of a double emulsion using satellite droplets,
according to a seventh embodiment which is not part
of the present invention.

Best Mode for Carrying Out the Invention

[0007] In a method for producing microdroplets, at a
cross intersection portion at which a first continuous
phase and afirstand a second dispersion phase intersect
with each other, different microdroplets are alternately
produced by allowing the first dispersion phase and the
second dispersion phase to alternately act on the first
continuous phase. In addition, various types of microdro-
plets, in particular, double emulsion-microcapsules can
be easily produced in a simple manner.

[0008] In addition, primary droplets and satellite drop-
lets are easily separated and then can be recovered sep-
arately. In addition, by using the satellite droplets,
high-quality and highly precise double emulsion-micro-
capsules can be manufactured.

Embodiments

[0009] Hereinafter, embodiments of the presentinven-
tion will be described in detail.

[0010] Fig. 1 includes schematic views each showing
the state in which microdroplets are produced at a long
period using a cross microchannel when a flow rate ratio
between a dispersion phase and a continuous phase is
small, according to a first embodiment of the present in-
vention.

[0011] An embodiment will be described in which
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microdroplets having uniform sizes and different compo-
nents are alternately produced at a regular period.
[0012] In Fig. 1, reference numeral 1 indicates a first
microchannel, reference numeral 2 indicates a continu-
ous phase supplied from the first microchannel 1, refer-
ence numeral 3 indicates a second microchannel, refer-
ence numeral 4 indicates a first dispersion phase sup-
plied from the second microchannel 3, reference numeral
5 indicates a third microchannel, reference numeral 6
indicates a second dispersion phase supplied from the
third microchannel 5, reference numeral 7 indicates an
intersection portion having a cross structure, reference
numeral 8 indicates a fourth microchannel, reference nu-
meral 9 indicates a first microdroplet sent through the
fourth microchannel 8, reference numeral 10 indicates a
second microdroplet alternately produced with the first
microdroplet 9 at a regular period, reference numeral 11
indicates a control device controlling supply of the first
dispersion phase 4 and the second dispersion phase 6
in the microchannels, reference numeral 12 indicates a
syringe pump (flow rate changeable liquid feed device)
which is connected to the control device 11 and which is
used as a first liquid feed device supplying the first dis-
persion phase 4, and reference numeral 13 indicates a
syringe pump (flow rate changeable liquid feed device)
which is connected to the control device 11 and which is
used as asecond liquid feed device supplying the second
dispersion phase 6.

[0013] Inthis embodiment, using the cross intersection
portion 7 of the microchannels, the microdroplets 9 and
10 having uniform sizes are produced at predetermined
intervals, so that a line of the microdroplets is formed.
Thatis,whenthefirst syringe pump (flow rate changeable
liquid feed device) 12 for the first dispersion phase 4 and
the second syringe pump (flow rate changeable liquid
feed device) 13 for the second dispersion phase 6 are
alternately operated so as to feed the first dispersion
phase 4 and the second dispersion phase 6 at the same
flow rate, at an appropriate flow rate of the continuous
phase 2, the microdroplets 9 and 10 having uniform sizes
and different components are alternately produced at the
cross intersection portion 7 at a regular period.

[0014] Fig. 2 is a view showing the state in which the
microdroplets are alternately produced, and Fig. 3 is a
photograph taken by a high-speed camera showing the
state of production of microdroplets having uniform sizes
and different components.

[0015] In this embodiment, a glass-made microchan-
nel was used which had a channel width of 80 wm and
a depth of 40 wm and which was processed by a hydro-
phobictreatment. As the dispersion phases shown in Fig.
2, ared ink a and a blue ink b each diluted with water
were used as thefirst and the second dispersion phases,
respectively, and each dispersion phase was supplied at
a flow rate of 0.01 ml/h. A corn oil (viscosity: 58.5 mPa-s,
surface tension: 33.2 mN/m (both being measured at
20°C)) used as the continuous phase was supplied at a
flow rate of 0.10 ml/h.
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[0016] Fig. 4 is aview showing the state in which micro-
droplets are sequentially produced, according to a sec-
ond embodiment which is not part of the present inven-
tion.

[0017] Inthis embodiment, at a cross intersection por-
tion at which a first continuous phase, a first dispersion
phase, and a second dispersion phase intersect with
each other, the first dispersion phase and the second
dispersion phase are allowed to act on the first continu-
ous phase so as to produce different microdroplets, and
in this case, by the control using the control device 11,
when one droplet 9 is formed from the first dispersion
phase, twodroplets 10 are then continuously formed from
the second dispersion phase.

[0018] Fig.5includes schematic views of an apparatus
showing the state in which microdroplets are produced
at a short period using a cross microchannel when a flow
rate ratio between a dispersion phase and a continuous
phase is large, according to a third embodiment of the
present invention.

[0019] In this figure, reference numeral 21 indicates a
first microchannel, reference numeral 22 indicates a con-
tinuous phase supplied from the first microchannel 21,
reference numeral 23 indicates a second microchannel,
reference numeral 24 indicates a first dispersion phase
supplied from the second microchannel 23, reference nu-
meral 25 indicates a third microchannel, reference nu-
meral 26 indicates a second dispersion phase supplied
from the third microchannel 25, reference numeral 27
indicates an intersection portion having a cross structure,
reference numeral 28 indicates a fourth microchannel,
reference numeral 29 indicates a first microdroplet sent
through the fourth microchannel 28, reference numeral
30 indicates a second microdroplet alternately produced
withthe firstmicrodroplet 29 at aregular period, reference
numeral 31 indicates a control device controlling supply
of thefirstdispersion phase 24 and the second dispersion
phase 26 in the microchannels, reference numeral 32
indicates afirst syringe pump (flow rate changeable liquid
feed device) which is connected to the control device 31
and which is used as a first liquid feed device supplying
the first dispersion phase 24, and reference numeral 33
indicates a second syringe pump (flow rate changeable
liquid feed device) which is connected to the control de-
vice 31 and which is used as a second liquid feed device
supplying the second dispersion phase 26.

[0020] In this third embodiment, the microdroplets 29
and 30 are produced at a shorter period compared to the
case in which the microdroplets 9 and 10 are alternately
produced in the first embodiment shown in Fig. 1.
[0021] Fig. 6 is a schematic view showing the state of
a fourth embodiment according to the present invention
in which double emulsion-microcapsules are produced
by using microdroplets which have uniform sizes and
have different components and which are alternately pro-
duced at a regular period in the third embodiment.
[0022] In this embodiment, reference numeral 40 indi-
cates an outlet for ejecting two types of microdroplets,
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that is, the microdroplets 29 and 30 which are alternately
produced at a regular period and which have uniform
sizes and different components, reference numeral 41
indicates an intersection portion having a cross structure,
reference numeral 42 indicates a fifth microchannel, ref-
erence numeral 43 indicates a continuous phase sup-
plied from the fifth microchannel 42, reference numeral
44 indicates a sixth microchannel, reference numeral 45
indicates a continuous phase supplied from the sixth mi-
crochannel 44, reference numeral 46 indicates a pro-
duced microcapsule (double emulsion), reference nu-
meral 47 indicates a microcapsule (double emulsion) re-
covery channel recovering the microcapsules (double
emulsion) 46, and reference numeral 48 indicates a con-
tinuous phase sending the microcapsule (double emul-
sion) 46.

[0023] As described above, the microdroplets 29 and
30 alternately produced at a regular period and having
different components are further encapsulated, so that
the microcapsules (double emulsion) 46 containing the
same numbers of two types of microdroplets are ob-
tained.

[0024] Fig. 7 is a view showing the state of production
of a W/O/W type emulsion encapsulating two types of
microdroplets, according to the present invention.
[0025] Next, as for a method for producing microdro-
plets using microchannels, a method for obtaining a mon-
odispersion emulsion will be described in which satellite
droplets are separated and removed from microdroplets
produced in the microchannels.

[0026] Fig. 8 is a schematic view showing a modified
embodiment according to the first embodiment of the
present invention.

[0027] In this embodiment, the structure is formed in
which different droplets are ejected from a T-shaped in-
tersection portion 27-1 and a T-shaped intersection por-
tion 27-2 which is located at a position shifted therefrom,
and the first microdroplets 29 sent through the fourth mi-
crochannel 28 and the second microdroplets 30 alter-
nately produced with the first microdroplets 29 at a reg-
ular period are sequentially produced. The rest of the
structure is equivalent to that in the first embodiment.
[0028] Fig. 9 is a schematic view showing the state of
separation of satellite droplets, according to a fifth em-
bodiment which is not part of the present invention.
[0029] In this figure, reference numeral 51 indicates a
first microchannel (continuous phase supply channel),
reference numeral 52 indicates a continuous phase sup-
plied from the first microchannel (continuous phase sup-
ply channel) 51, reference numeral 53 indicates an inter-
section portion having a T-shaped structure, reference
numeral 54 indicates a second microchannel (dispersion
phase supply channel), reference numeral 55 indicates
adispersion phase supplied from the second microchan-
nel (dispersion phase supply channel) 54, reference nu-
meral 56 indicates a third microchannel, reference nu-
meral 57 indicates a primary droplet produced at the in-
tersection portion 53 having a T-shaped structure and
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sentthrough the third microchannel 56, reference numer-
al 58 indicates a satellite droplet produced together with
the primary droplet 57, reference numeral 59 indicates
an outlet of the third microchannel 56, reference numeral
60 indicates a junction portion of a microchannel con-
nected to the outlet 59, reference numeral 61 indicates
an expansion portion (tapered portion) of the microchan-
nel, reference numeral 62 indicates a branching portion,
reference numeral 63 indicates a primary droplet recov-
ery channelrecovering the primary droplets 57, reference
numeral 64 indicates a liquid carrying the primary drop-
lets, and reference numeral 65 indicates a satellite drop-
let recovery channel recovering the satellite droplets 58.
[0030] As shown in Fig. 9, when the primary droplets
57 are produced at the intersection portion 53 having a
T-shaped structure, the fine satellite droplets 58 are si-
multaneously produced. In the case in which microcap-
sules (double emulsion) are produced using the primary
droplets 57, it is often unfavorable if the satellite droplets
58 are encapsulated in the microcapsules (double emul-
sion) together with the primary droplets 57.

[0031] Accordingly, in order to avoid the case de-
scribed above, at the expansion portion 61, the primary
droplets 57 are designed to be sent to the right side in
the same manner as that before, and the satellite droplets
58 are designed to be sentdownward, that is, the primary
droplets 57 are sent toward the primary droplet recovery
channel 63, and the satellite droplets 58 are sent down-
ward to the satellite droplet recovery channel 65 recov-
ering the satellite droplets 58.

[0032] According to this embodiment, the expansion
portion (tapered portion) 61 and the branching micro-
channels 63 and 65 are provided downstream of the
microdroplet production portion (intersection portion hav-
ing a T-shaped structure) 53, and the satellite droplets
58 can be continuously separated from the primary drop-
lets 57 thus formed.

[0033] Instead of the expansion portion 61 having a
taper described above, an expansion portion 66 having
a curved surface may be used, as shown in Fig. 10.
[0034] Fig. 11isaview showing the state of separation
of satellite droplets.

[0035] As shown in this figure, primary droplets (diam-
eter: 70 pm) 71 are separated from satellite droplets 72
(diameters: 1, 3, and 5 pm).

[0036] Fig. 12 is a view showing the shape of an acrylic
resin-made microchannel shown in Fig. 11, this micro-
channel is formed of a first microchannel (continuous
phase supply channel) 73 of 200 um wide and 100 pm
deep, a second microchannel (dispersion phase supply
channel) 74 of 120 pm wide and 100 wm deep, a primary
droplet recovery channel 75 of 800 pm wide and 100 pm
deep, and a satellite droplet recovery channel 76 of 200
pmwide and 100 wmdeep, and in addition, the branching
angle 0 of the satellite droplet recovery channel 76 to the
primary droplet recovery channel 75 is 30°.

[0037] In this embodiment, as the dispersion phase
and the continuous phase, pure water and a corn oil (vis-



7 EP 1 757 357 B1 8

cosity: 58.5 mPa-s, surface tension: 33.2 mN/m, both be-
ing measured at 20°C) were used, respectively, and the
flow rate control was performed for each phase by a liquid
feed device (syringe pump).

[0038] As for the flow rate conditions in Fig. 11, the
dispersion phase flow rate and the continuous phase flow
rate were setto 1.0 ml/h and 15.0 ml/h, respectively, and
it was confirmed that the primary droplets 71 (diameter:
approximately 70 pwm) were separated from the satellite
droplets 72 having three different sizes (diameters: 1, 3,
and 5 pm). It was observed that the satellite droplets
having different sizes form respective lines and flow into
the branching channel. When the flow rate of the disper-
sion phase and that of the continuous phase are in-
creased, the size of the satellite droplets and the produc-
tion number thereof both tend to be increased.

[0039] Fig. 13 is a schematic view showing the state
of separation of satellite droplets, according to a sixth
embodiment which is not part of the present invention.
[0040] In this figure, reference numeral 81 indicates a
first microchannel (continuous phase supply channel),
reference numeral 82 indicates a continuous phase sup-
plied from the first microchannel (continuous phase sup-
ply channel), reference numeral 83 indicates an intersec-
tion portion having a cross structure, reference numeral
84 indicates a second microchannel (first dispersion
phase supply channel), reference numeral 85 indicates
a first dispersion phase supplied from the second micro-
channel (first dispersion phase supply channel) 84, ref-
erence numeral 86 indicates a third microchannel (sec-
ond dispersion phase supply channel), reference numer-
al 87 indicates a second dispersion phase supplied from
the third microchannel (second dispersion phase supply
channel) 86, reference numeral 88 indicates a fourth mi-
crochannel, reference numeral 89 indicates a first prima-
ry droplet produced at the intersection portion 83 having
a cross structure, reference numeral 90 indicates a first
satellite droplet produced simultaneously with the first
primary droplet 89, reference numeral 91 indicates a sec-
ond primary droplet produced at the intersection portion
83 having a cross structure, reference numeral 92 indi-
cates a second satellite droplet produced simultaneously
with the second primary droplet 91, reference numeral
93 indicates a junction portion of a microchannel con-
nected to an outlet ejecting the droplets 89 to 92, refer-
ence numeral 94 indicates an expansion portion (tapered
portion) of the microchannel, reference numeral 95 indi-
cates a branching portion, reference numeral 96 indi-
cates a primary droplet recovery channel recovering the
primary droplets 89 and 91, reference numeral 97 indi-
cates a liquid carrying the primary droplets 89 and 91,
reference numeral 98 indicates a first satellite droplet re-
covery channel recovering the first satellite droplets 90,
and reference numeral 99 indicates a second satellite
droplet recovery channel recovering the second satellite
droplets 92.

[0041] In this embodiment, the expansion portion (ta-
pered portion) 94 and the first and the second satellite
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droplet recovery channels 98 and 99 are provided down-
stream of the microdroplet production portion (intersec-
tion portion having a cross structure) 83, and the firstand
the second satellite droplets 90 and 92 can be independ-
ently separated from the primary droplets 89 and 91.
[0042] According to the structure described above, the
droplet production and the classification operation can
be simultaneously performed in the microchannels, and
monodispersion droplets/fine particles can be advanta-
geously obtained without classification operation per-
formed outside the apparatus.

[0043] The satellite droplets thus separated and recov-
ered are very fine, and hence these droplets can be used
for production of a double emulsion.

[0044] Fig. 14 is a schematic view showing the state
of production of a double emulsion using satellite drop-
lets, according to a seventh embodiment which is not
part of the present invention.

[0045] In this figure, reference numeral 101 indicates
afirstmicrochannel (satellite droplet supply channel), ref-
erence numeral 102 indicates a liquid carrying satellite
droplets, reference numeral 103 indicates a satellite
droplet, reference numeral 104 indicates an outlet for the
satellite droplets, reference numeral 105 indicates a sec-
ond microchannel (continuous phase supply channel),
reference numeral 106 indicates a first continuous phase
supplied from the second microchannel (continuous
phase supply channel) 105, reference numeral 107 indi-
cates a third microchannel (continuous phase supply
channel), reference numeral 108 indicates a second con-
tinuous phase supplied from the third microchannel (con-
tinuous phase supply channel) 107, reference numeral
109 indicates a recovery channel for a double emulsion
using satellite droplets, reference numeral 110 indicates
aliquid carrying the double emulsion using satellite drop-
lets, and reference numeral 111 indicates the double
emulsion using satellite droplets.

[0046] According to this embodiment, as shown in Fig.
14, the double emulsion 111 encapsulating the satellite
droplets 103 can be produced.

[0047] Incidentally, the present invention is not limited
to the above examples, and various modifications may
be carried out without departing from the scope of the
present invention as defined in the claims and may not
be excluded therefrom.

[0048] According to the presentinvention, using inter-
secting microchannels in combination, various types of
microdroplets, in particular, double emulsion-microcap-
sules can be easily produced in a simple manner.
[0049] Inaddition, the primary droplets and the satellite
droplets can be easily separated and recovered sepa-
rately. Accordingly, high-quality and highly precise dou-
ble emulsion-microcapsules can be manufactured.

Industrial Applicability

[0050] The method for producing microdroplets and
the apparatus therefor, according to the present inven-
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tion, can be used as a tool producing microcapsules in
the fields of gene and pharmaceutical technologies.

Claims

A method for producing microdroplets, comprising
the step of allowing a first dispersion phase (4) and
a second dispersion phase (6) to act on a first con-
tinuous phase (2) at an intersection portion (7)
among the first continuous phase (2), the first dis-
persion phase (4), and the second dispersion phase
(6), wherein the intersection portion (7) is a cross
intersection portion or the intersection portion (7) in-
cludes T-shaped intersection portions, the T-shaped
intersection portions being located at positions shift-
ed from each other, whereby the microdroplets are
sequentially produced and wherein microdroplets
formed of the first dispersion phase (4) are different
from microdroplets formed of the second dispersion
phase (6), characterised in that the first dispersion
phase (4) and the second dispersion phase (6) are
allowed to alternately act on at predetermined time
intervals so that microdroplets having uniform sizes
and different components are alternately produced
at a regular period.

The method of claim 1, wherein the period is change-
able.

The method for producing microdroplets of any pre-
ceding claim, further comprising:

sequentially producing different microdroplets;
and

supplying a liquid containing the different micro-
droplets to another cross intersection portion to
which the first continuous phase (22) and a sec-
ond continuous phase (43, 45) are supplied,
whereby double emulsion-microcapsules are
produced.

4. An apparatus for producing microdroplets, compris-

ing:

(a)anintersection portion (7) at which afirst con-
tinuous phase (2), a first dispersion phase (4)
and a second dispersion phase (6) intersect with
each other, wherein the intersection portion (7)
is a cross intersection portion, or the intersection
portion (7) includes T-shaped intersection por-
tions, the T-shaped intersection portions being
located at positions shifted from each other;
(b) a first liquid feed device controlling the first
dispersion phase (4);

(c) a second liquid feed device controlling the
second dispersion phase (6); and

(d) a control device connected to the first liquid
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feed device and the second liquid feed device,
wherein

(e) the first liquid feed device and the second
liquid feed device are controlled by a signal from
the control device so that microdroplets formed
of the first dispersion phase (4) and microdrop-
lets formed of the second dispersion phase (6)
are sequentially produced, characterised in
that, by the signalfrom the control device, micro-
droplets having uniform sizes and different com-
ponents are alternately produced at a regular
period.

5. The apparatus of claim 4, wherein by the signal from

the control device, the period is changeable.

Patentanspriiche

1.

Verfahren zur Herstellung von Mikrotrépfchen, um-
fassend den Schritt des Zulassens, dass eine erste
Dispersionsphase (4) und eine zweite Dispersions-
phase (6) auf eine erste kontinuierliche Phase (2) an
einem Schnittbereich (7) unter der ersten kontinu-
ierlichen Phase (2), der ersten Dispersionsphase (4)
und der zweiten Dispersionsphase (6) einwirken,
wobeider Schnittbereich (7) ein Querschnittsbereich
ist oder der Schnittbereich (7) T-férmige Schnittbe-
reiche einschlie®t, wobei sich die T-férmigen
Schnittbereiche an Positionen befinden, die vonein-
ander verschoben sind, wodurch die Mikrotrépfchen
nacheinander hergestellt werden und wobei sich aus
der ersten Dispersionsphase (4) ausgebildete Mi-
krotrépfchen von aus der zweiten Dispersionsphase
(6) ausgebildeten Mikrotrépfchen unterscheiden,
dadurch gekennzeichnet, dass es der ersten Di-
spersionsphase (4) und der zweiten Dispersions-
phase (6) erlaubtist, abwechselnd zu vorgegebenen
Zeitintervallen einzuwirken, so dass Mikrotropfchen
von gleichférmiger Grée und unterschiedlichen Be-
standteilen in einem regelmaRigen Zeitabschnitt ab-
wechselnd hergestellt werden.

Verfahren nach Anspruch 1, wobei der Zeitabschnitt
veranderbar ist.

Verfahren zur Herstellung von Mikrotrdpfchen nach
irgendeinem vorhergehenden Anspruch, ferner um-
fassend:

aufeinanderfolgendes Herstellen verschiede-
ner Mikrotrépfchen; und

Zuflihren einer Flissigkeit, die die verschiede-
nen Mikrotrépfchen enthalt, zu einem weiteren
Querschnittsbereich, dem die erste kontinuier-
liche Phase (22) und eine zweite kontinuierliche
Phase (43, 45) zugeflihrt werden, wodurch Dop-
pelemulsions-Mikrokapseln hergestellt werden.
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4. Vorrichtung zur Herstellung von Mikrotrépfchen, um-

fassend:

(a) einen Schnittbereich (7), in dem sich eine
erste kontinuierliche Phase (2), eine erste Di-
spersionsphase (4) und eine zweite Dispersi-
onsphase (6) schneiden, wobei der Schnittbe-
reich (7) ein Querschnittsbereich ist oder der
Schnittbereich (7) T-férmige Schnittbereiche
einschlielt, wobei sich die T-férmigen Schnitt-
bereiche an Positionen befinden, die voneinan-
der verschoben sind;

(b) eine erste Flissigkeitseinspeisungsvorrich-
tung, die die erste Dispersionsphase (4) steuert;
(c) eine zweite Fllssigkeitseinspeisungsvor-
richtung, die die zweite Dispersionsphase (6)
steuert; und

(d) eine Steuervorrichtung, die mit der ersten
Flussigkeitseinspeisungsvorrichtung und der
zweiten  Flissigkeitseinspeisungsvorrichtung
verbunden ist, wobei

(e) die erste Flissigkeitseinspeisungsvorrich-
tung und die zweite Fllssigkeitseinspeisungs-
vorrichtung durch ein Signal von der Steuervor-
richtung gesteuert werden, so dass aus der er-
sten Dispersionsphase (4) ausgebildete Mikrot-
répfchen und aus der zweiten Dispersionsphase
(6) ausgebildete Mikrotrépfchen nacheinander
hergestellt werden, dadurch gekennzeichnet,
dass durch das Signal von der Steuervorrich-
tung Mikrotrépfchen von gleichférmiger GroRe
und unterschiedlichen Bestandteilen in einem
regelmaBigen Zeitabschnitt abwechselnd her-
gestellt werden.

5. Vorrichtung nach Anspruch 4, wobei der Zeitab-

schnitt durch das Signal von der Steuervorrichtung
veranderbar ist.

Revendications

Un procédé de fabrication de microgouttelettes, con-
sistant & permettre a une premiére phase de disper-
sion (4) et a une deuxiéme phase de dispersion (6)
d’agir sur une premiére phase continue (2) a une
intersection (7) entre la premiéere phase continue (2),
la premiéere phase de dispersion (4) et la deuxiéme
phase de dispersion (6), I'intersection (7) étant une
intersection croisée ou l'intersection (7) comprenant
des intersections en forme de T, les intersections en
forme de T se trouvant a des endroits décalés les
uns des autres, les microgouttelettes étant produites
de maniére séquentielle et les microgouttelettes de
la premiere phase de dispersion (4) étant différentes
de celles formées de la deuxieme phase de disper-
sion (6), se caractérisant par le fait que la premiére
phase de dispersion (4) et la deuxieme phase de
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dispersion (6) sont autorisées a agir tour a tour a
intervalles prédéterminés, de telle sorte que les mi-
crogouttelettes possédent des tailles uniformes et
que des composants différents soient produits tour
a tour a une période reguliére.

Le procédé de la revendication 1, dans lequel la pé-
riode est modifiable.

Le procédé de production de microgouttelettes de
n’importe laquelle des revendications précédentes,
supposant également de :

produire de maniére séquentielle des micro-
gouttelettes différentes ; et

fournir un liquide contenant les différentes mi-
crogouttelettes a une autre intersection croisée
a laquelle la premiére phase continue (22) et
une deuxiéme phase continue (43, 45) sont four-
nies, ce qui permet de produire des microcap-
sules d’émulsion doubles.

4. Un appareil de production de microgouttelettes, se

composant de ce qui suit :

(a) une intersection (7) a laguelle une premiére
phase continue (2), une premiére phase de dis-
persion (4) et une deuxiéme phase de disper-
sion (6) se croisent, l'intersection (7) étant une
intersection croisée ou l'intersection (7) compre-
nant des intersections en forme de T, les inter-
sections en forme de T se trouvant a des en-
droits décalés les uns des autres ;

(b) un premier dispositif d’injection de liquide
commandant la premiére phase de dispersion
(4);

(c) un second dispositif d’injection de liquide
commandant la deuxiéme phase de dispersion
(6); et

(d) undispositif de commande connecté au pre-
mier dispositif d’injection de liquide et au second
dispositif d’injection de liquide, dans lequel

(e) les premier et second dispositifs d’injection
de liquide sont commandés par un signal pro-
venantdu dispositif de commande pour produire
séquentiellement des microgouttelettes for-
mées de la premiére phase de dispersion (4) et
des microgouttelettes formées de la deuxiéme
phase de dispersion (6), se caractérisant par
le fait que des microgouttelettes de taille uni-
forme et de composants différents sont tour a
tour produites a une période réguliére par le si-
gnal émanant du dispositif de commande.

5. L’appareil de la revendication 4, dans lequel la pé-

riode peut étre modifiée par le signal émanant du
dispositif de commande.
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