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DESCRIPTION 

TITLE OF INVENTION 

METHOD FOR PRODUCING PARTICLE MIXTURE 

 

Technical Field 5 

[0001] The present invention relates to a production method and an apparatus for 

producing a particle mixture in which two or more types of particles are mixed. 

 

Background Art 

[0002] Water-absorbent resin particles are used as a material to be used in hygienic 10 

articles such as disposable diapers, an industrial material, a water retention agent for 

agriculture and horticulture, and the like in various applications.  Although the 

water-absorbent resin particles may be used alone, the water-absorbent resin particles 

are often used after an additive is added thereto.  For example, Patent Literature 1 

discloses that silica particles are mixed, as an additive, with water-absorbent resin 15 

particles for the purpose of improving properties such as water absorbing properties and 

fluidity. 

 

Citation List 

Patent Literature 20 

[0003] Patent Literature 1: JP 2008-315657A 

 

Summary of Invention 

Technical Problem 

[0004] Patent Literature 1 states that the water-absorbent resin particles and the silica 25 

particles are mixed together using a mechanical-stirring type blending machine such as 

a ribbon blender or a Loedige mixer.  However, this method is not always suitable 



2 

 

when two or more types of water-absorbent resin particles are mixed with an additive.  

This particularly holds true for producing a large amount of particle mixture containing 

two or more types of water-absorbent resin particles and an additive.  This issue also 

holds true for mixing another type of particles other than water-absorbent resin particles 

with an additive. 5 

[0005] It is an object of the present invention to easily produce a large amount of 

particle mixture in which two or more types of particles are mixed with an additive. 

 

Solution to Problem 

[0006] A production method according to a first aspect is a production method for 10 

producing a particle mixture in which two or more types of particles are mixed, and 

includes the following steps (1) and (2): 

 (1) a step of adding a first additive to first particles and mixing the first additive 

with the first particles using a first mixer; and 

 (2) a step of introducing the two or more types of particles including the first 15 

particles mixed with the first additive and second particles into a blender container of a 

gravity blender, and mixing the two or more types of particles inside the blender 

container. 

[0007] A production method according to a second aspect is the production method 

according to the first aspect, and further includes the following step (3): 20 

 (3) a step of adding a second additive to the second particles and mixing the 

second additive with the second particles using a second mixer. 

 With the production method according to the second aspect, the step (2) above 

includes introducing the two or more types of particles including the first particles 

mixed with the first additive and the second particles mixed with the second additive 25 

into the blender container and mixing the two or more types of particles inside the 

blender container. 
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[0008] A production method according to a third aspect is the production method 

according to the first aspect or the second aspect, wherein the first particles and the 

second particles are made of the same material and have different average particle 

diameters. 

[0009] A production method according to a fourth aspect is the production method 5 

according to the first aspect or the second aspect, wherein the first particles and the 

second particles are of the same type.  With the production method according to the 

fourth aspect, the step (2) above includes introducing the two or more types of particles 

including the first particles mixed with the first additive and the second particles mixed 

with no first additive into the blender container and mixing the two or more types of 10 

particles inside the blender container. 

[0010] A production method according to a fifth aspect is the production method 

according to any one of the first aspect to the fourth aspect, wherein the blender 

container is provided with an inlet in an upper portion and an outlet in a lower portion.  

With the production method according to the fifth aspect, the step (2) above includes a 15 

step of mixing the two or more types of particles while allowing the two or more types 

of particles to fall from the inlet to the outlet with the force of gravity, and then 

conveying the two or more types of particles from the outlet to the inlet in order to mix 

the two or more types of particles again while allowing the two or more particles to fall 

from the inlet to the outlet with the force of gravity. 20 

[0011] A production method according to a sixth aspect is the production method 

according to any one of the first aspect to the fifth aspect, wherein the first particles and 

the second particles are water-absorbent resin particles. 

[0012] A production method according to a seventh aspect is the production method 

according to any one of the first aspect to the sixth aspect, wherein the step (2) above 25 

includes a step of introducing the first particles mixed with the first additive and the 

second particles into the blender container alternately and repeatedly. 
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[0013] A production apparatus according to an eighth aspect is a production apparatus 

for producing a particle mixture in which two or more types of particles are mixed, and 

includes a first mixer that includes a first container for accommodating first particles 

and mixes the first particles and a first additive together inside the first container, a 

second container for accommodating second particles, and a gravity blender.  The 5 

gravity blender includes a blender container provided with an inlet in an upper portion, 

the inlet being connected to the first container and the second container.  The gravity 

blender receives the two or more types of particles including the first particles mixed 

with the first additive conveyed from the first container and the second particles 

conveyed from the second container in the blender container through the inlet, and 10 

mixes the two or more types of particles inside the blender container. 

 

Advantageous Effects of the Invention 

[0014] With the present invention, the first additive is added to the first particles and 

mixed using the first mixer.  Furthermore, two or more types of particles including the 15 

second particles and the first particles mixed with the first additive are mixed using the 

gravity blender.  That is, the first particles, the first additive, and the second particles 

are not mixed together at once, but are mixed in a stepwise manner using the first mixer 

and the gravity blender, thus making it easy to produce a large amount of particle 

mixture in which two or more types of particles are mixed with an additive. 20 

 

Brief Description of Drawings 

[0015] FIG. 1 is a diagram illustrating the overall configuration of a production line 

system that is a production apparatus for producing a particle mixture according to an 

embodiment of the present invention. 25 

 FIG. 2 is a cross-sectional view taken along line II-II in FIG. 1. 
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Description of Embodiments 

[0016] Hereinafter, a production method and an apparatus for producing a particle 

mixture according to an embodiment of the present invention will be described with 

reference to the drawings. 

[0017] 1. Production System 5 

 FIG. 1 is a diagram illustrating the overall configuration of a production line 

system 100 that is a production apparatus for producing a particle mixture according to 

an embodiment of the present invention.  The production line system 100 is a system 

for mixing two or more types of particles with an additive, and includes a first mixer 10, 

a second mixer 20, and a blender 30 connected downstream of these mixers 10 and 20 10 

as shown in FIG. 1.  It should be noted that FIG. 1 shows longitudinal cross-sectional 

views of the first mixer 10, the second mixer 20, and the blender 30.  In the following 

description, the up-down (vertical) direction and the horizontal direction are defined 

based on the state shown in FIG. 1 unless otherwise stated. 

[0018] In this embodiment, the first mixer 10 and the second mixer 20 are driven-type 15 

blending machines in which stirring force is generated by driving mixing blades 19 and 

29.  More specifically, Nauta mixers are used as these mixers.  The blender 30 is a 

gravity blender.  In this embodiment, a silo blender is used as the blender 30. 

[0019] The first mixer 10 includes a container 11 for accommodating particles to be 

mixed in addition to the mixing blade 19.  The container 11 has a substantially inverted 20 

conical shape, and is provided with an opening 11a serving as a particle inlet in the 

upper portion thereof and an opening 11b serving as a particle outlet in the lower 

portion thereof.  The mixing blade 19 includes an elongated shaft 12 and a screw blade 

13 that spirally winds around the shaft 12.  The mixing blade 19 is arranged extending 

in a direction inclined with respect to the up-down direction to extend substantially in 25 

parallel with the inner wall surface of the container 11 inside the container 11.  A 

swing arm 14 that substantially horizontally extends from the upper portion of the shaft 
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12 to the vicinity of the central axis of the container 11 is coupled to the upper portion 

of the shaft 12.  The central axis of the container 11 extends substantially in the 

up-down direction.  Furthermore, a shaft 15 extending substantially along the central 

axis of the container 11 in the up-down direction is coupled to the end portion on the 

interior side of the swing arm 14.  The shaft 15 is rotated by a driving mechanism 16 5 

such as a motor.  Thus, the mixing blade 19 moves around the central axis of the 

container 11 so as to move on an inverted conical trajectory along the inner wall surface 

of the container 11.  A driving mechanism 17 such as a motor for driving the shaft 12 

is provided adjacent to the driving mechanism 16, and power is conveyed from the 

driving mechanism 17 via the shaft 15 and the swing arm 14 to the shaft 12.  As a 10 

result, in the container 11, the mixing blade 19 revolves around the shaft 15, namely the 

central axis of the container 11, while rotating around the shaft 12. 

[0020] Particles A1 to be mixed using the first mixer 10 and an additive B1 to be added 

thereto are loaded into the container 11 through the upper opening 11a and mixed by the 

movement of the blade 19 in the container 11.  That is, the particles A1 and B1 are 15 

moved up by the rotation of the mixing blade 19, and the entirety thereof is greatly 

stirred by the revolution.  The additive B1 is thus mixed uniformly with the particles 

A1, and a particle mixture C1 is thus produced. 

[0021] In this embodiment, the second mixer 20 has the same configuration and 

functions as those of the first embodiment, and includes components 21 to 29, 21a, and 20 

21b that respectively correspond to the components 11 to 19, 11a, and 11b.  With the 

second mixer 20, the additive B1 is mixed uniformly with particles A2, and a particle 

mixture C2 is thus produced. 

[0022] Although there is no particular limitation on the types of particles A1 and A2 and 

additives B1 and B2, both types of particles A1 and A2 are water-absorbent resin 25 

particles (pellets) in this embodiment.  In this case, silica particles can be selected as 

the additives B1 and B2 in order to improve the properties such as water absorbing 



7 

 

properties and fluidity of the particles A1 and A2, for example.  The particles A1 and 

A2 can be particles of the same type or different types.  Also, the additives B1 and B2 

can be particles of the same type or different types. 

[0023] Here, “the particles A1 and particles A2 are of the same type” means that the 

particles A1 and A2 are made of the same material and have substantially the same 5 

average particle diameter.  It should be noted that “the particles A1 and A2 have 

substantially the same average particle diameter” means that the average particle 

diameter of the particles A2 is within a range of 95 to 105% of the average particle 

diameter of the particles A1.  The same applies to the additives B1 and B2. 

[0024] Moreover, “the particles A1 and the particles A2 are of different types” means 10 

that at least one of the materials and the average particle diameter of the particles A1 is 

different from those of the particles A2.  Therefore, “the particles A1 and the particles 

A2 are of different types” can mean a case where the particles A1 and the particles A2 

are made of the same material, but have different average particle diameters.  It should 

be noted that “the particles A1 and the particles A2 have different average particle 15 

diameters” means that the average particle diameter of the particles A2 is smaller than 

95% or greater than 105% of the average particle diameter of the particles A1.  The 

same applies to the additives B1 and B2. 

[0025] Although there is no particular limitation on the average particle diameters of the 

particles A1 and A2 and the additives B1 and B2, water-absorbent resin particles 20 

typically have an average particle diameter of 100 μm to 1 mm, and more typically 200 

μm to 600 μm.  On the other hand, silica particles to be added to the water-absorbent 

resin particles typically have an average particle diameter of 1 μm to 30 μm, and more 

typically 2 μm to 20 μm. 

[0026] The particle mixtures C1 and C2 are respectively discharged from the containers 25 

11 and 21 through the openings 11b and 21b, and are conveyed to the blender 30.  It 

should be noted that the openings 11b and 21b are respectively opened and closed by 
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opening/closing mechanisms 18 and 28, and are opened in order to discharge the 

particle mixtures C1 and C2 after mixing steps in the mixers 10 and 20 finish.  The 

opening/closing mechanisms 18 and 28 can be configured as appropriate, and 

electronically controlled valves are used in these mechanisms, for example. 

[0027] The blender 30 includes a silo 31 serving as a container for accommodating 5 

particles to be mixed.  The blender 30 is a gravity blender that utilizes gravity to mix 

particles and thus includes no mixing blade or the like.  The silo 31 has a tubular shape, 

and is provided with an opening 31a serving as a particle inlet in the upper portion 

thereof and an opening 31b serving as a particle outlet in the lower portion thereof.  A 

conveyance route 50 is provided between the opening 31a and the openings 11b and 12b, 10 

which respectively serve as the outlets of the mixers 10 and 20, and connects them.  

The particle mixtures C1 and C2 are conveyed from the openings 11b and 21b via the 

conveyance route 50 to the opening 31a, and are loaded into the silo 31 through the 

opening 31a.  It should be noted that, although there is no particular limitation on the 

configuration of the conveyance route 50, the conveyance route 50 can be constituted by 15 

a duct through which the particles pass and a blower that sends air to move the particles 

along the duct, or by a bucket conveyor, a movable hopper, and the like, or by a 

combination of these conveyance mechanisms. 

[0028] There is no particular limitation on the volume of the silo 31, and there is also no 

particular limitation on the volumes of the container 11 of the first mixer 10 and the 20 

container 21 of the second mixer 20.  However, since the silo 31 is of a gravity type 

and thus there is no need to drive a mixing blade unlike the cases of the first mixer 10 

and the second mixer 20 of this embodiment, the volume of the silo 31 can be increased 

more easily than those of the container 11 of the first mixer 10 and the container 21 of 

the second mixer 20.  Increasing the volume of the silo 31 makes it possible to mix a 25 

large amount of particles at once.  A ratio R (=V2/V1) of a volume V2 of the silo 31 to 

a volume V1 of the container 11 of the first mixer 10 or the container 21 of the second 
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mixer 20 is preferably 2 or greater, more preferably 5 or greater, and even more 

preferably 10 or greater. 

[0029] The silo 31 includes a container body 32 and a blend chamber 33 that is located 

below the container body 32 and that has a smaller diameter and a smaller volume than 

the container body 32.  The central axis of the silo 31 extends substantially in the 5 

up-down direction, and the container body 32 and the blend chamber 33 are coaxially 

arranged.  The opening 31a is formed in the upper portion of the container body 32.  

The container body 32 has a substantially tubular shape as a whole, but a lower portion 

32a thereof has a funnel shape (substantially inverted conical shape), and is introduced 

into the blend chamber through the upper opening of the blend chamber 33.  The blend 10 

chamber 33 also has a substantially tubular shape, but a lower portion 33a thereof is 

formed into a funnel shape (substantially inverted conical shape).  The opening 31b is 

formed in the lower portion 33a of the blend chamber 33 and corresponds to an outlet of 

a funnel.  As described above, the space inside the container body 32 and the space 

inside the blend chamber 33 are in communication with each other. 15 

[0030] FIG. 2 is a lateral cross-sectional view of the blender 30 taken at a height 

indicated by line II-II in FIG. 1.  As shown in FIG. 2, a plurality of (six in this 

embodiment) blend pipes 34 are arranged around the central axis of the silo 31 at 

regular intervals inside the container body 32.  These blend pipes 34 are arranged near 

the inner wall surface of the container body 32, extend substantially in the up-down 20 

direction, pass through the inclined wall of the funnel-shaped lower portion 32a of the 

container body 32, and protrude outward from the silo 31.  Then, the blend pipes 34 

are bent toward the inside in the radial direction while extending downward, pass 

through the side wall of the blend chamber 33, and are in communication with the blend 

chamber 33. 25 

[0031] The inner space of each blend pipe 34 is partitioned into a plurality of chambers 

34a that are adjacent to each other in the circumferential direction of the blend pipe 34 
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and extend substantially in the axial direction of the blend pipe 34, that is, substantially 

in the up-down direction.  A large number of holes 34b are formed in the side wall of 

each blend pipe 34.  These holes 34b are spaced out substantially evenly in the entire 

side wall of the blend pipe 34.  The particle mixtures C1 and C2 loaded into the silo 31 

through the upper opening 31a move into the blend chamber 33 while falling through 5 

the container body 32 with the force of gravity.  In this process, portions of the particle 

mixtures C1 and C2 enter the blend pipes 34 through the holes 34b and move into the 

blend chamber 33 while falling through the blend pipes 34 with the force of gravity.  

At this time, the speed of the particle mixtures C1 and C2 moving inside the container 

body 32 is different from the speed of the particle mixtures C1 and C2 moving inside 10 

the blend pipes 34, and therefore, the particle mixtures C1 and C2 are mixed when 

joining together inside the blend chamber 33.  A particle mixture C in which the 

particle mixture C1 conveyed from the first mixer 10 and the particle mixture C2 

conveyed from the second mixer 20 are mixed is thus produced.  In the particle 

mixture C, the particles A1 and A2 and the additives B1 and B2 are mixed uniformly. 15 

[0032] The lower opening 31b of the blend chamber 33 is connected to a conveyance 

route 35, and the particle mixture C is discharged into the conveyance route 35 through 

the opening 31b.  A conveyance mechanism 36 controls the amount of particle mixture 

C discharged to the downstream side through the opening 31b.  The conveyance 

mechanism 36 is driven to convey the particle mixture C to the conveyance route 35.  20 

The conveyance mechanism 36 can be configured as appropriate, and an electronically 

controlled rotary valve is used in this mechanism, for example. 

[0033] The conveyance route 35 is constituted by a conveyance route 35c arranged 

immediately downstream of the opening 31b, and a conveyance route 35a and a 

conveyance route 35b that are connected to a downstream portion of the conveyance 25 

route 35c and branch off from the conveyance route 35c.  The conveyance route 35a is 

used to convey the particle mixture C toward the downstream side of the blender 30.  
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The conveyance route 35a is connected to a packaging machine (not shown) for 

packaging the particle mixture C, for example.  Meanwhile, the conveyance route 35b 

extends to the upper opening 31a of the container body 32, and is used to convey, to the 

opening 31a again, the particle mixture C discharged from the silo 31.  That is, the 

blender 30 serves as a circulating-type blender due to the conveyance route 35b.  With 5 

this configuration, the particle mixture C additionally passes through the silo 31 from 

the opening 31a to the opening 31b, thus making it possible to more uniformly mix the 

particles A1, the particles A2, the additive B1, and the additive B2 together.  The 

particle mixture C, which is finally produced after the particle mixtures C1 and C2 are 

circulated in the silo 31 and the conveyance routes 35b and 35c, is conveyed through 10 

the conveyance route 35a toward the farther downstream side.  It should be noted that, 

although there is no particular limitation on the configuration of the conveyance route 

35, the conveyance route 35 can be constituted by a duct through which the particles 

pass and a blower that sends air to move the particles along the duct, or by a bucket 

conveyor, a movable hopper, and the like, or by a combination of these conveyance 15 

mechanisms. 

[0034] The number N of circulation time of particles C1 and C2 in the silo 31 and the 

conveyance routes 35b and 35c is defined by an equation “N=N2∙t/N1”.  In this 

equation, N1 is the total amount (kg) of the particles C1 and C2 to be mixed together, 

N2 is the flow rate (kg/h) of the particles that have passed through the conveyance route 20 

35b, and t is the circulation period (h).  “The number N of circulation time = 0” means 

that the particles C1 and C2 do not return to the silo 31 through the conveyance route 

35b after once passing through the silo 31.  Moreover, the number N of circulation 

time is not necessarily an integer and can be any number that satisfies a relationship 

N≥0, such as 1.5.  However, N is preferably 1.5 or greater, more preferably greater 25 

than 1.5 and smaller than 2.5, and even more preferably equal to about 2.  The greater 

the number N of circulation time is, more uniformly the particles C1 and C2 are mixed 
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together, but there is a tendency for the mixing uniformity to reach the upper limit when 

N is equal to about 2.  Therefore, when N is within the above-mentioned value range, 

the particles C1 and C2 can be efficiently mixed together in a shorter period of time. 

[0035] The conveyance direction, that is, a direction toward the conveyance route 35a 

or the conveyance route 35b, in which the particle mixture C discharged from the silo 5 

31 to the conveyance route 35c is to move in can be changed using a switching 

mechanism 37.  The switching mechanism 37 can be configured as appropriate, and an 

electronically controlled three-way switching valve can be arranged at a position where 

the conveyance routes 35a to 35c are coupled, and used as the switching mechanism 37, 

for example. 10 

[0036] The driving components included in the production line system 100, such as the 

above-described driving components 16, 17, 18, 26, 27, 28, 35, 36, 37, and 50, are 

connected to a controller 40, and the controller 40 controls the operations of these 

driving components.  The controller 40 includes a CPU, a ROM, a RAM, a nonvolatile 

storage device, and the like, and reads out and executes a program stored in the ROM or 15 

nonvolatile storage device to cause the driving components to operate as described 

above and later.  It should be noted that the controller 40 may include controllers that 

control the mixers 10 and 20 and the blender 30, and/or a controller that collectively 

controls these devices 10 to 30.  When a plurality of controllers are present, a 

configuration may also be adopted in which these controllers are connected to one 20 

another to communicate with one another and operate cooperatively. 

[0037] 2. Production Method 

 Next, a method for producing the particle mixture C using the production line 

system 100 will be described. 

[0038] First, the particles A1 and the additive B1 are mixed together in the first mixer 25 

10 (first mixing step).  Specifically, the opening/closing mechanism 18 is controlled to 

close the opening 11b of the container 11, and while this state is maintained, 
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predetermined amounts of particles A1 and additive B1 are introduced into the container 

11 through the opening 11a.  The particles A1 and the additive B1 can be introduced 

by an operator manually loading the particles A1 and the additive B1 into the container 

11 or using a hopper or the like provided on the upstream side.  Subsequently, while 

the opening 11b remains closed, the mixing blade 19 is caused to rotate and revolve by 5 

driving the driving mechanisms 16 and 17 for a predetermined period of time, and thus 

the particles A1 and the additive B1 are stirred inside the container 11.  Accordingly, 

the particles A1 and the additive B1 are mixed together, and the particle mixture C1 in 

which the additive B1 is uniformly dispersed in the particles A1 is thus produced. 

[0039] Simultaneously with, or before or after, the first mixing step performed in the 10 

first mixer 10, the particles A2 and the additive B2 are mixed together in the second 

mixer 20 (second mixing step).  Accordingly, the particles A2 and the additive B2 are 

mixed together, and the particle mixture C1 in which the additive B2 is uniformly 

dispersed in the particles A2 is thus produced.  It should be noted that the second 

mixing step is performed in the same manner as the first mixing step. 15 

[0040] When the first and second mixing steps finish, the mixing blades 19 and 29 are 

stopped, the openings 11b and 21b are opened, and the conveyance route 50 is driven.  

Accordingly, the particle mixture C1 and the particle mixture C2 are respectively 

conveyed from the first mixer 10 and the second mixer 20 along the conveyance route 

50 to the opening 31a of the silo 31.  At this time, the conveyance mechanism 36 is 20 

controlled to stop the conveyance from the opening 31b of the silo 31 toward the 

downstream side, and the particles C1 and C2 are introduced while this state is 

maintained.  In this embodiment, at this time, the particle mixture C1 and the particle 

mixture C2 are introduced into the silo 31 alternately and repeatedly.  In other words, 

all the particles C1 inside the container 11 are transferred to the silo 31, all the particles 25 

C2 inside the container 21 are then transferred to the silo 31, all the particles C1 inside 

the container 11, which are additionally obtained through mixing, are then transferred to 
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the silo 31, all the particles C2 inside the container 21, which are additionally obtained 

through mixing, are then transferred to the silo 31, and these conveyance operations are 

repeated.  That is, the particles C1 and the particles C2 are alternately conveyed.  It 

should be noted that the particles C1 or the particles C2 may be conveyed first. 

[0041] The blender 30 receives the particle mixture C1 conveyed from the first mixer 10 5 

and the particle mixture C2 conveyed from the second mixer 20 in the silo 31 through 

the opening 31a, and mixes them together inside the silo 31 (blending step).  In this 

embodiment, at this time, the particles C1 and the particles C2 are alternately loaded 

thereinto and are thus more uniformly mixed together inside the silo 31.  As shown in 

FIG. 1, the layer of the particles C1 and the layer of the particles C2 are alternately 10 

stacked inside the container body 32. 

[0042] Subsequently, the conveyance mechanism 36 is controlled to open the opening 

31b of the silo 31, and the particle mixture C obtained by mixing the particle mixture 

C1 and the particle mixture C2 inside the blend chamber 33 is gradually transferred to 

the conveyance route 35c through the opening 31b.  At this time, the switching 15 

mechanism 37 is controlled to couple the conveyance route 35c and the conveyance 

route 35b and then drive these conveyance routes 35c and 35b.  Accordingly, the 

particle mixture C moves along the conveyance routes 35c and 35b, and returns into the 

silo 31.  As a result, the particle mixture C passes through the silo 31 again, and the 

particles C1 and the particles C2 are thus more uniformly mixed together. 20 

[0043] After the particles C1 and C2 are circulated in the silo 31 and the conveyance 

routes 35b and 35c a predetermined number N of circulation time, the switching 

mechanism 37 is controlled to couple the conveyance route 35c and the conveyance 

route 35a and then drive these conveyance routes 35c and 35a.  Accordingly, the 

particle mixture C moves along the conveyance routes 35c and 35a, and is transferred 25 

toward the farther downstream side.  On the downstream side, the particle mixture C is 

packaged by a predetermined amount in order to ship the particle mixture C as a final 
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product, for example. 

[0044] With the above-described method, the particles A1, the additive B1, the particles 

A2, and the additive B2 are not mixed together at once, but are mixed in a stepwise 

manner using the mixers 10 and 20 and the blender 30.  This makes it easy to produce 

a large amount of particle mixture C in which two or more types of particles A1 and A2 5 

are mixed with the additives B1 and B2. 

[0045] 3. Applications 

 The above-described production line system 100 and production method can be 

used to produce a particle mixture constituted by various particles including two or 

more types of particles.  For example, the following applications are conceivable. 10 

 3-1 

 A certain type of resin pellets are prepared as the particles A1, and resin pellets 

that have an average particle diameter different from that of the particles A1 but are 

made of the same material as that of the particles A1 are prepared as the particles A2.  

Then, after additives B1 and B2 that are of the same type or different types are 15 

respectively mixed with the particles A1 and A2 in the first mixer 10 and the second 

mixer 20, the thus-obtained particle mixtures C1 and C2 are blended at an appropriate 

blending ratio using the blender 30. 

[0046] With the above-described method, when the particles A1 have an average 

particle diameter of 300 μm, the particles A2 have an average particle diameter of 500 20 

μm, and these particles are blended at a ratio of 1:1, the obtained resin pellets have an 

average particle diameter of 400 μm.  That is, blending resin pellets having different 

average particle diameters at an appropriate blending ratio makes it possible to adjust 

the average particle diameter of the resin pellets included in the finally produced 

particle mixture C.  Therefore, resin pellets with various particle diameters can be 25 

easily produced, and products are easily managed. 

[0047] 3-2 
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 A certain type of resin pellets are prepared as the particles A1, and an additive 

B1 is mixed with the particles A1 at a predetermined blending ratio using the first mixer 

10.  The particle mixture C1 is thus obtained.  Resin pellets of the same type as the 

particles A1 (having the same average particle diameter and made of the same material) 

are prepared as the particles A2, and an additive B2 of the same type as the additive B1 5 

is mixed with the particles A2 at a predetermined blending ratio different from that in 

the case of the particles A1 using the second mixer 20.  Then, these particle mixtures 

C1 and C2 are blended at an appropriate blending ratio using the blender 30. 

[0048] With the above-described method, blending resin pellets of the same type to 

which an additive of the same type has been added at different blending ratios makes it 10 

possible to adjust the blending ratio of the additive in the finally produced particle 

mixture C.  It should be noted that a configuration may be adopted in which the mixing 

of the additive in the second mixer 20 is omitted and the additive B1 included in the 

particle mixture C1 is added, in the blender 30, to the particles A2 with which no 

additive has been mixed.  In this case, the blending ratio of the additive can be easily 15 

adjusted by producing the particle mixture C1 including the additive at a higher 

blending ratio using the first mixer 10 and loading this particle mixture C1 and 

additional resin pellets (particles A2) into the blender 30.  Therefore, resin pellets with 

various additive blending ratios can be easily produced, and products are easily 

managed. 20 

[0049] 4. Modified Examples 

 Although an embodiment of the present invention has been described above, 

the present invention is not limited to the above embodiment, and various modifications 

can be carried out without departing from the gist of the invention.  Moreover, the key 

points of the following modified examples can be combined as appropriate. 25 

[0050] 4-1 

 The structures of the first mixer 10 and the second mixer 20 are not limited to 
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those described above, and ribbon mixers can be used as these mixers, for example.  

The same applies to the structure of the blender 30, and various types of gravity 

blenders can be used as the blender 30. 

[0051] 4-2 

 Although the first mixer 10 and the second mixer 20 are prepared in the 5 

above-described embodiment, one of these mixers can be omitted.  For example, the 

particle mixture C1 mixed using the first mixer 10 and the particles A2 mixed with no 

additives can be mixed together using the blender 30.  Meanwhile, a configuration may 

be adopted in which three or more mixers are arranged upstream of the blender 30 and 

three or more types of particle mixtures are mixed together using the blender 30. 10 

[0052] 4-3 

 Although the opening 31b is provided with the conveyance mechanism 36 in 

order to control the amount of particle mixture C conveyed from the inside of the silo 

31 toward the downstream side in the above-described embodiment, an opening/closing 

mechanism such as an electronically controlled valve may be provided instead of the 15 

conveyance mechanism 36, for example. 

[0053] 4-4 

 Although the holes 34b are spaced out substantially evenly in the entire side 

wall of the blend pipe 34 inside the silo 31 in the above-described embodiment, the 

positions at which the holes 34b are arranged can be shifted in the up-down direction in 20 

each blend pipe 34.  With this configuration, the blend pipes 34 vary in the positions in 

the up-down direction of the holes 34b through which the particle mixtures C1 and C2 

pass.  Therefore, the particle mixtures C1 and C2 located at different positions in the 

up-down direction inside the silo 31 will join together inside the blend chamber 33, thus 

making it possible to further improve the mixing ability of the gravity blender 30. 25 

[0054] 4-5 

 In the above-described embodiment, the whole amount of particle mixture C1 
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inside the container 11 is introduced into the silo 31 at once, and the whole amount of 

particle mixture C2 inside the container 21 is also introduced into the silo 31 at once.  

However, the whole amounts of particle mixtures C1 and C2 inside the containers 11 

and 21 can be introduced into the silo 31 over multiple instances.  For example, a 

configuration may be adopted in which a predetermined amount of particles C1 inside 5 

the container 11 are transferred to the silo 31, a predetermined amount of particles C2 

inside the container 21 are then transferred to the silo 31, a predetermined amount of 

particles C1 inside the container 11 are then transferred to the silo 31 again, a 

predetermined amount of particles C2 inside the container 21 are then transferred to the 

silo 31 again, and these conveyance operations are repeated. 10 

 

List of Reference Numerals 

[0055] 10 First mixer 

 11 Container (first container) 

 20 Second mixer 15 

 21 Container (second container) 

 30 Gravity blender 

 31 Silo (blender container) 

 31a Opening (inlet) 

 31b Opening (outlet) 20 

 A1 Particles (first particles) 

 A2 Particles (second particles) 

 B1 Additive (first additive) 

 B2 Second additive 

 C1, C2, C Particle mixture 25 
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CLAIMS

1. A production method for producing a particle mixture in which two or more types

of particles are mixed, the production method comprising:

a step of adding a first additive to first particles and mixing the first additive with5

the first particles using a first mixer; and

a step of introducing the two or more types of particles of a different type from

the first particles including the first particles mixed with the first additive and second

particles into a blender container of a gravity blender, and mixing the two or more types

of particles inside the blender container,10

wherein the gravity blender comprises a conveyance route that is connected to a

downstream portion of the blender container and extending to an upper opening of the

blender container,

wherein the step of introducing and mixing the two or more types of particles

includes making the two or more types of particles circulate in the blender container and15

the conveyance route,

wherein the number N of circulation time of the two or more types of particles

satisfies 1.5<N<2.5, N is calculated by dividing a value obtained by multiplying the flow

rate of the two or more types of particles that pass through the conveyance route by a

circulation period by total amount of the two or more types of particles.20

2. The production method according to claim 1, further comprising a step of adding

a second additive to the second particles and mixing the second additive with the second

particles using a second mixer,

wherein the step of introducing and mixing the two or more types of particles25

includes introducing the two or more types of particles including the first particles mixed

with the first additive and the second particles mixed with the second additive into the
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blender container and mixing the two or more types of particles inside the blender

container.

3. The production method according to claim 1 or 2,

wherein the first particles and the second particles are made of the same material5

and have different average particle diameters.

4. The production method according to any one of claims 1 to 3,

wherein the blender container is provided with an inlet in an upper portion and

an outlet in a lower portion, and10

the step of mixing the two or more types of particles inside the blender container

includes

a step of mixing the two or more types of particles while allowing the two or

more types of particles to fall from the inlet to the outlet with the force of gravity, and

then conveying the two or more types of particles from the outlet to the inlet in order to15

mix the two or more types of particles again while allowing the two or more particles to

fall from the inlet to the outlet with the force of gravity.

5. The production method according to any one of claims 1 to 4,

wherein the first particles and the second particles are water-absorbent resin20

particles having different average particle diameters.

6. The production method according to any one of claims 1 to 5,

wherein the step of introducing and mixing the two or more types of particles

includes25

a step of introducing the first particles mixed with the first additive and the

second particles into the blender container alternately and repeatedly.
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7. A production apparatus configured to produce a particle mixture in which two or

more types of particles are mixed, the production apparatus comprising:

a first mixer having a first container configured to accommodate first particles,

the first mixer being configured to mix the first particles and a first additive together5

inside the first container;

a second mixer having a second container configured to accommodate second

particles of a different type from the first particles, the second mixer being configured to

mix the second particles and a second additive together inside the second container; and

a gravity blender having a blender container provided with an inlet in an upper10

portion, the inlet being connected to the first container and the second container, and the

gravity blender being configured to receive the two or more types of particles including

the first particles mixed with the first additive conveyed from the first container and the

second particles mixed with the second additive conveyed from the second container in

the blender container through the inlet, and mix the two or more types of particles inside15

the blender container,

wherein a ratio of a volume of the blender container to a volume of the first

container or the second container is 10 or greater.


