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A method and an apparatus for producing various types of microdroplets are provided. The apparatus has a cross Intersection
portion /7 at which a first continuous phase 2, a first dispersion phase 4, and a second dispersion phase 6 intersect with each other:;
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a first liquid feed device 12 controlling the first dispersion phase 4; a second liguid feed device 13 controlling the second dispersion
phase 6; and a control device 11 connected to the first liquid feed device 12 and the second liquid feed device 13, in which the first
iguid feed device 12 and the second liquid feed device 13 are controlled by a signal from the control device 11 so that

microdroplets 9 formed of the first dispersion phase 4 and microdroplets 10 formed of the second dispersion phase 6 are
sequentially produced.
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ABSTRACT

A method and an apparatus for producing various types
of microdroplets are provided. The apparatus has a cross
intersection portion 7 at which a first continuous phase 2,
a first dispersion phase 4, and a second dispersion phase 6
intersect with each other; a first liquid feed device 12

controlling the first dispersion phase 4; a second liquid

feed device 13 controlling the second dispersion phase 6;
and a control device 11 connected to the first liguid feed

device 12 and the second liquid feed device 13, 1n which the

first liquid feed device 12 and the second liquid feed
device 13 are controlled by a signal from the control device
11 so that microdroplets 9 formed of the first dispersion
phase 4 and microdroplets 10 formed of the second dispersion

phase 6 are sequentially produced.
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DESCRIPTION

METHOD AND APPARATUS FOR PRODUCING MICRODROPLETS

Technical Field

The present invention relates to a method and an
apparatus for producing microdroplets,
relates to a method and an apparatus for producing double

emulsion-microcapsules.

Background Art

The inventors of the present invention have already
filed a patent application relating to a method for
producing emulsions and microcapsules and an apparatus
therefor as the following Patent Document 1.

Patent Document 1: WO 02/068104 A1l

Disclosure of Invention

The above prior art on production of microdroplets was

further improved, and an object of the present invention is

to provide a method and an apparatus for producing
microdroplets with various embodiments.
To these ends,

the present invention provides the

following.

(1] There 1s provided a method for producing
microdroplets, comprising the step of allowing a first
dispersion phase and a second dispersion phase to act on a

first continuous phase at an intersection portion among the

first continuous phase, the first dispersion phase, and the

and more particularly,
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second dispersion phase, whereby the microdroplets are

sequentially produced.

(2] In the method for producing microdroplets according

to the above [1], the intersection portion is a cross

intersection portion.

[3] In the method for producing microdroplets according

to the above [1], the intersection portion includes T-shaped
intersection portions, the T-shaped intersection portions
being located at positions shifted from each other.

(4] In the method for producing microdroplets according

Lo the above [1], microdroplets formed of the first

dispersion phase are different from microdroplets formed of

the second dispersion phase.

5] In the method for producing microdroplets according

to the above [2], the first dispersion phase and the second
dispersion phase are allowed to alternately act on at

predetermined time intervals so that microdroplets having

unliform sizes and different components are alternately

produced at a regular period.

L6] In the method for producing microdroplets according

to the above [3], the first dispersion phase and the second
dispersion phase 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.
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[7] In the method for producing microdroplets according
to the above [5] or [6], the period 1s changeable.

[8] There is provided a method for producing
microdroplets, comprising the steps of: allowing a first
dispersion phase and a second dispersion phase to act on a
first continuous phase at a cross intersection portion among
the first continuous phase, the first dispersion phase, and
the second dispersion phase so0 as to sequentially produce
different microdroplets; and supplying a ligquilid containing
the different microdroplets to another cross intersection
portion to which the first continuous phase and a second
continuous phase are supplied, whereby double emulsion-
microcapsules are produced.

[9] There 1s provided an apparatus for producing

microdroplets, comprising: an intersection portion at which

a first continuous phase, a first dispersion phase, and a
second dispersion phase intersect with each other; a first
liquid feed device controlling the first dispersion phase; a
second liquid feed device controlling the second dispersion
phase; and a control device connected to the first ligquid
feed device and the second liguid feed device, 1n which 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 and

microdroplets formed of the second dispersion phase are
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sequentially produced.

[10] In the apparatus for producing microdroplets
according to the above [9], the intersection portion is a
Cross 1intersection portion.

[11] In the apparatus for producing microdroplets
according to the above [9], the intersection portion
includes T-shaped intersection portions, the T-shaped
intersection portions being located at positions shifted
from each other.

[12] In the apparatus for producing microdroplets
according to the above [10], by the signal from the control
device, microdroplets having uniform sizes and different

components are alternately produced at a regqular period.

[13] In the apparatus for producing microdroplets
according to the above [11], by the signal from the control
device, microdroplets having uniform sizes and different
components are alternately produced at a regular period.

[14] In the apparatus for producing microdroplets
according to the above [12] or [13], by the signal from the
control device, the period can be changed.

[15] In an apparatus for producing microdroplets
according to the above [8], a liquid containing the
microdroplets is supplied to another cross intersection
portion to which the first continuous phase and the second

continuous phase are supplied so as to produce double
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emulsion-microcapsules.

[16] There 1s provided a method for producing
microdroplets, comprising the steps of: separating a liquid
containing primary droplets and satellite droplets into the
primary droplets and the satellite droplets at an expansion
portion; and recovering the primary droplets and the
satellite droplets in a primary droplet recovery channel and
a satellite droplet recovery channel, respectively, at a
branching portion.

[17] In the method for producing microdroplets
according to the above [16], the primary droplets include
first and second primary droplets and the satellite droplets
include first and second satellite droplets, and at the
branching portion, the first and the second primary droplets,
the first satellite droplets, and the second satellite
droplets are separately recovered.

[18] In the method for producing microdroplets
according to the above [16], a liquid containing the
satellite droplets is supplied to an intersection portion to
which a first continuous phase and a second continuous phase
are supplied to produce double emulsion-microcapsules.

|19] There 1s provided an apparatus for producing
microdroplets, comprising: a microdroplet producing portion
producing primary droplets and satellite droplets; a

microdroplet supply channel supplying microdroplets from the
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microdroplet producing portion; an expansion portion
connected to the microdroplet supply channel; and a
pranching portion having a satellite droplet recovery
channel to recover the satellite droplets and a primary
droplet recovery channel connected to a front end of the
expansion portion to recover the primary droplets.

[20] There is provided an apparatus for producing
microdroplets, comprising: a microdroplet producing portion
producing first and second primary droplets and first and
second satelllite droplets; a microdroplet supply channel
supplying microdroplets from the microdroplet producing
portion; an expansion portion connected to the microdroplet

supply channel; and a branching portion having a primary

droplet recovery channel connected to a front end of the
expansion portion to recover the first and the second
primary droplets, a first satellite droplet recovery channel

Lo recover the first satellite droplets, and a second
satellite droplet recovery channel to recover the second

satellite droplets.

Brief Description of the Drawings

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.
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Fig. 2 is a view showing the state in which the
droplets are alternately produced, as shown in Fig. 1.

Fig. 3 1s a photograph taken by a high-speed camera
showlng the state in which microdroplets having uniform
sizes and different components are produced.

Fig. 4 is a view showing the state in which
microdroplets are sequentially produced, according to a
second embodiment of the present invention.

Fig. 5 includes 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
petween a dispersion phase and a continuous phase is large,
according to a third embodiment of the present invention.

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 produced at a regular

period in the third embodiment.

F1g. 7 1s a view showing the state of production of a
W/O/W type emulsion encapsulating two types of microdroplets,
according to the present invention.

F1g. 8 is a schematic view showing a modified
embodiment according to the first embodiment of the present

invention.
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Fig. 9 1s a schematic view showing the state of

separation of satellite droplets, according to a fifth
embodiment 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 according to the present invention.

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

separation of satellite droplets, according to a sixth

embodiment of the present invention.

Fig. 14 is a schematic view showing the state of
production of a double emulsion using satellite droplets,

according to a seventh embodiment of the present invention.

Best Mode for Carrying Out the Invention

In a method for producing microdroplets, at a cross
lntersection portion at which a first continuous phase and a
first and 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 microdroplets, 1in
particular, double emulsion-microcapsules can be easily

produced in a simple manner.
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In addition, primary droplets and satellite droplets
are easlly separated and then can be recovered separately.
In addition, by using the satellite droplets, high-quality
and highly precise double emulsion-microcapsules can be
ménufactured.

Embodiments

Hereinafter, embodiments of the present invention will
be described in detail.

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.

An embodiment will be described in which microdroplets
having uniform sizes and different components are
alternately produced at a regular period.

In Fig. 1, reference numeral 1 indicates a first
microchannel, reference numeral 2 indicates a continuous
phase supplied from the first microchannel 1, reference

numeral 3 indicates a second microchannel, reference numeral

4 1ndicates a first dispersion phase supplied 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
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a Ccross structure, reference numeral 8 indicates a fourth
milcrochannel, reference numeral 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 dispersion 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 a second liquid feed device
supplying the second dispersion phase 6.

In this 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. That is,
when the first syringe pump (flow rate changeable liguid
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
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second dispersion phase 6 at the same flow rate, at an
appropriate flow rate of the continuous phase 2, the
mlicrodroplets 9 and 10 having uniform sizes and different
components are alternately produced at the cross
intersection portion 7 at a regular period.

Fl1g. 2 1s 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.

In this embodiment, a glass-made microchannel was used
which had a channel width of 80 um and a depth of 40 pum and
which was processed by a hydrophobic treatment. As the
dispersion phases shown in Fig. 2, a red ink a and a blue
ink b each diluted with water were used as the first 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.

Fig. 4 1s a view showing the state in which
microdroplets are sequentially produced, according to a
second embodlment of the present invention.

In this embodiment, at a cross intersection portion at

which a first continuous phase, a first dispersion phase,
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and a second dilspersion phase intersect with each other, the
first dispersion phase and the second dispersion phase are
allowed to act on the first continuous 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, two droplets 10 are
then continuously formed from the second dispersion phase.

Fig. 5 includes schematic views of an apparatus showiling
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.

In this figure, reference numeral 21 indicates a first
microchannel, reference numeral 22 indicates a continuous
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 numeral 25 indicates a
third microchannel, reference numeral 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
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alternately produced with the first microdroplet 29 at a
regular period, reference numeral 31 indicates a control
device controlling supply of the first dispersion phase 24
and the second dispersion phase 26 in the microchannels,
reference numeral 32 indicates a first 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 device 31 and which is used as a second liguid
feed device supplying the second dispersion phase 26.

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.

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 produced at a reqular
period in the third embodiment.

In this embodiment, reference numeral 40 indicates an
outlet for ejecting two types of microdroplets, that 15, the

microdroplets 29 and 30 which are alternately produced at a
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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, reference numeral 43
indicates a continuous phase supplied from the fifth
microchannel 42, reference numeral 44 indicates a sixth
microchannel, reference numeral 45 indicates a continuous
phase supplied from the sixth microchannel 44, reference
numeral 46 1ndicates a produced microcapsule (double
emulsion), reference numeral 47 indicates a mlcrocapsule
(double emulsion) recovery channel recovering the
microcapsules (double emulsion) 46, and reference numeral 48
indicates a continuous phase sending the microcapsule
(double emulsion) 46.

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 obtained.

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.

Next, as for a method for producing microdroplets using
microchannels, a method for obtaining a monodispersion

emulsion will be described in which satellite droplets are
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separated and removed from microdroplets produced in the
microchannels.

Fig. 8 1s a schematic view showing a modified
embodiment according to the first embodiment of the present
invention.

In this embodiment, the structure is formed in which
different droplets are ejected from a T-shaped intersection
portion 27-1 and a T-shaped intersection portion 27-2 which
1s located at a position shifted therefrom, and the first
microdroplets 29 sent through the fourth microchannel 28 and
the second microdroplets 30 alternately produced with the

first microdroplets 29 at a regular period are sequentially
produced. The rest of the structure is equivalent to that
in the first embodiment.

Fig. 9 is a schematic view showing the state of
separation of satellite droplets, according to a fifth
empbodiment of the present invention.

In this figure, reference numeral 51 indicates a first
microchannel (continuous phase supply channel), reference

numeral 52 1indicates a continuous phase supplied from the

first microchannel (continuous phase supply channel) 51,
reference numeral 53 indicates an intersection portion
having a T-shaped structure, reference numeral 54 indicates
a second microchannel (dispersion phase supply channel),

reference numeral 55 indicates a dispersion phase supplied
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from the second microchannel (dispersion phase supply
channel) 54, reference numeral 56 indicates a third
microchannel, reference numeral 57 indicates a primary
droplet produced at the intersection portion 53 having a T-
shaped structure and sent through the third microchannel 56,
reference numeral 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
connected to the outlet 59, reference numeral 61 indicates
an expansion portion (tapered portion) of the microchannel,
reference numeral 62 indicates a branching portion,
reference numeral 63 indicates a primary droplet recovery
channel recovering the primary droplets 57, reference
numeral 64 indicates a liquid carrying the primary droplets,
and reference numeral 65 indicates a satellite droplet
recovery channel recovering the satellite droplets 58.

As shown 1n 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 simultaneously

produced. In the case 1n which microcapsules (double
emulsion) are produced using the primary droplets 57, it is
often unfavorable if the satellite droplets 58 are
encapsulated 1n the microcapsules (double emulsion) together

with the primary droplets 57.
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Accordingly, in order to avoid the case described 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
pe sent downward, that is, the primary droplets 57 are sent

toward the primary droplet recovery channel 63, and the

satellite droplets 58 are sent downward to the satellite

droplet recovery channel 65 recovering the satellite

droplets 58.

According to this embodiment, the expansion portion

(tapered portion) 61 and the branching microchannels 63 and

65 are provided downstream of the microdroplet production
portion (intersection portion having a T-shaped structure)
03, and the satellite droplets 58 can be continuously
separated from the primary droplets 57 thus formed.

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.

Fig. 11 is a view showing the state of separation of
satellite droplets according to the present invention.

As shown 1n this figure, primary droplets (diameter: 70
pm) /1 are separated from satellite droplets 72 (diameters:
1, 3, and 5 um).

Flg. 12 is a view showing the shape of an acrvylic

resin-made microchannel shown in Fig. 11, this microchannel
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1s formed of a first microchannel (continuous phase.supply
channel) 73 of 200 pum wide and 100 um deep, a second
microchannel (dispersion phase supply channel) 74 of 120 um
wide and 100 um deep, a primary droplet recovery channel 75
of 800 um wide and 100 pum deep, and a satellite droplet

recovery channel 76 of 200 pum wide and 100 um deep, and in

addition, the branching angle 0 of the satellite droplet
recovery channel 76 to the primary droplet recovery channel
75 1s 30°.

In this embodiment, as the dispersion phase and the
continuous phase, pure water and a corn oil (viscosity: 58.5
mPa-s, surface tension: 33.2 mN/m, both being measured at

20°C) were used, respectively, and the flow rate control was

performed for each phase by a liquid feed device (syringe
pump) .
As for the flow rate conditions in Fig. 11, the

dispersion phase flow rate and the continuous phase flow
rate were set to 1.0 ml/h and 15.0 ml/h, respectively, and

1t was confirmed that the primary droplets 71 (diameter:

approximately 70 um) were separated from the satellite

o
—

droplets 72 having three dif

ferent sizes (diameters: 1, 3,

and o 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 dispersion

phase and that of the continuous phase are increased, the
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size of the satellite droplets and the production number
thereof both tend to be increased.

Fig. 13 1s a schematic view showing the state of
separation of satellite droplets, according to a sixth
embodiment of the present invention.

In this figure, reference numeral 81 indicates a first
microchannel (continuous phase supply channel), reference
numeral 82 1ndlcates a continuous phase supplied from the
first microchannel (continuous phase supply channel),
reference numeral 83 indicates an intersection 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 microchannel (first dispersion
phase supply channel) 84, reference numeral 86 indicates a
third microchannel (second dispersion phase supply channel),
reference numeral 87 indicates a second dispersion phase
supplied from the third microchannel (second dispersion

phase supply channel) 86, reference numeral 88 indicates a

fourth microchannel, reference numeral 89 indicates a first
primary 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

second primary droplet produced at the intersection portion
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83 having a cross structure, reference numeral 92 indicates
a second satellite droplet produced simultaneously with the
second primary droplet 91, reference numeral 93 indicates a
junction portion of a microchannel connected to an outlet
ejecting the droplets 89 to 92, reference numeral 94
indicates an expansion portion (tapered portion) of the
microchannel, reference numeral 95 indicates a branching
portion, reference numeral 96 indicates a primary droplet
recovery channel recovering the primary droplets 89 and 91,
reference numeral 97 indicates a liquid carrying the primary
droplets 89 and 91, reference numeral 98 indicates a first
satellite droplet recovery channel recovering the first
satellite droplets 90, and reference numeral 99 indicates a

second satelllite droplet recovery channel recovering the

second satellite droplets 92.

In this embodiment, the expansion portion (tapered
portion) 94 and the first and the second satellite droplet
recovery channels 98 and 99 are provided downstream of the
microdroplet production portion (intersection portion having
a cross structure) 83, and the first and the second
satellite droplets 90 and 92 can be independently separated

from the primary droplets 89 and 91.

According to the structure described above, the droplet

production and the classification operation can be

simultaneously performed in the microchannels, and
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monodispersion droplets/fine particles can be advantageously

obtalined without classification operation performed outside

the apparatus.

The satellite droplets thus separated and recovered are
very fine, and hence these droplets can be used for

production of a double emulsion.

Fig. 14 1s a schematic view showing the state of
production of a double emulsion using satellite droplets,

according to a seventh embodiment of the present invention.

In this figure, reference numeral 101 indicates a first

microchannel (satellite droplet supply channel), reference

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 second

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 indicates a third microchannel

(continuous phase supply channel), reference numeral 108
indicates a second continuous phase supplied from the third

microchannel (continuous phase supply channel) 107,

reference numeral 109 indicates a recovery channel for a

double emulsion using satellite droplets, reference numeral

110 indicates a liquid carrying the double emulsion using
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satellite droplets, and reference numeral 111 indicates the
double emulsion using satellite droplets.

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

Incidentally, the present invention is not limited to

the above examples, and various modifications may be carried

out without departing from the sprit and the scope of the
present invention and may not be excluded therefrom.
According to the present invention, using intersecting
microchannels in combination, various types of microdroplets,
ln particular, double emulsion-microcapsules can be easlly
produced in a simple manner.
In addition, the primary droplets and the satellite

droplets can be easily separated and recovered separately.

Accordingly, high-quality and highly precise double
emulsion-microcapsules can be manufactured.

Industrial Applicability

The method for producing microdroplets and the

apparatus therefor, according to the present invention, can
be used as a tool producing microcapsules in the fields of

gene and pharmaceutical technologies.
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CLAIMS
1. A method for producing microdroplets, comprising the
step of allowing a first dispersion phase and a second
dispersion phase to act on a first continuous phase at an
intersection portion among the first continuous phase, the
first dispersion phase, and the second dispersion phase,

whereby the microdroplets are sequentially produced.

2. The method for producing microdroplets, according to
Claim 1, wherein the intersection portion 1s a Cross

intersection portion.

3. The method for producing microdroplets, according to
Claim 1, wherein the intersection portion includes T-shaped
intersection portions, the T-shaped intersection portions

being located at positions shifted from each other.

4., The method for producing microdroplets, according to
Claim 1, wherein microdroplets formed of the first
dispersion phase are different from microdroplets formed of

the second dispersion phase.

5. The method for producing microdroplets, according to
Claim 2, wherein the first dispersion phase and the second

dispersion phase are allowed to alternately act on at
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predetermined time intervals so that microdroplets having

uniform sizes and different components are alternately

produced at a regular period.

6. The method for producing microdroplets, according to
Claim 3, wherein the first dispersion phase and the second
dispersion phase 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.

7. The method for producing microdroplets, according to

Claim 5 or 6, wherein the period 1s changeable.

8. A method for producing microdroplets, comprising the
steps of: allowing a first dispersion phase and a second

dispersion phase to act on a first continuous phase at a

cross intersection portion among the first continuous phase,

the first dispersion phase, and the second dispersion phase

so as to sequentially produce different microdroplets; and
supplying a liquid containing the different microdroplets to
another cross intersection portion to which the first
continuous phase and a second continuous phase are supplied,

whereby double emulsion-microcapsules are produced.
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9. An apparatus for producing microdroplets, comprising:

(a) an intersection portion at which a first continuous
phase, a first dispersion phase, and a second dispersion

phase 1ntersect with each other;

(b) a first liquid feed device controclling the first
dispersion phase;

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

(d) a control device connected to the first ligquid feed
device and the second ligquid 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 and microdroplets formed of the second

dispersion phase are sequentially produced.

10. The apparatus for producing microdroplets, according
to Claim 9, wherein the intersection portion is a cross

intersection portion.

11. The apparatus for producing microdroplets, according
to Claim 9, wherein the intersection portion includes T-

shaped 1ntersection portions, the T-shaped intersection

portions being located at positions shifted from each other.
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12. The apparatus for producing microdroplets, accordlng

to Claim 10, wherein by the signal from the control device,

microdroplets having uniform sizes and different components

are alternately produced at a regular period.

13. The apparatus for producing microdroplets, accordilng

to Claim 11, wherein by the signal from the control device,

microdroplets having uniform sizes and different components

are alternately produced at a regular period.

14. The apparatus for producing microdroplets, according

to Claim 12 or 13, wherein by the signal from the control

device, the period 1s changeable.

15. The method for producing microdroplets, according to
Claim 8, wherein a liquid containing the microdroplets 1s

supplied to another cross intersection portion to which the

first continuous phase and the second continuous phase are

supplied so as to produce double emulsion-microcapsules.
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