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DESCRIPTION 

 

Title of Invention 

POWDER DUSTINESS EVALUATION METHOD AND POWDER DUSTINESS 

EVALUATION DEVICE 

 

Technical Field 

[0001] The present invention relates to a method fo r 

evaluating a scattering property of a powder and an  apparatus 

for evaluating a scattering property of a powder. 

 

Background Art 

[0002] For example, in the dental industry, as a di e 

material (so-called dental embedding material) for use in 

producing a metal (such as gold tooth and silver to oth) to be 

used for dental treatment, or as an auxiliary mater ial in 

producing a tooth mold, an artificial tooth, and th e like, 

gypsum-based powder products and phosphate-based po wder 

products are used.  These dental powder products ar e set by 

being mixed with a liquid such as water at the time  of use (at 

the time of producing embedding material, tooth mol d, 

artificial tooth, and the like).  Dust is generated  in handling 

a powder product (hereinafter, referred to as “scat tering 

property of powder”), and therefore products that g enerate only 

a small amount of dust (so-called dust-free type) s o that a 

working environment can be kept comfortable are pre ferred and 

a large number of such products are distributed. 

[0003] It is not limited to the dental industry tha t a 

working environment becomes good if the generation amount of 

dust is small in handling a powder product.  For ex ample, powder 

products (hereinafter, also simply referred to as “ powders”) 

are also widely used in various industrial fields s uch as 

construction industry (such as building industry an d civil 

engineering industry), various types of manufacturi ng industry 

(such as steel industry, chemical/petroleum product s industry, 

transportation machinery industry, and food manufac turing 
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industry).  It is often desired that powders used i n various 

industrial fields and powders produced in various i ndustrial 

fields also have characteristics that dust does not  scatter as 

much as possible. 

[0004] As one example in the above-described dental  

industry, Patent Literature 1 discloses invention r elating to 

a low-dust powder dental gypsum composition compose d of a 

four-component formulation containing (a) hemihydra te gypsum, 

(b) an adjuster, (c) a predetermined humectant, and  (d) a 

predetermined anionic surfactant. 

[0005] On the other hand, as a method for measuring  a 

scattering property of a powder, a method in which dust is 

generated by some sort of method, a powder (dust) i s collected 

on a filter from air in which the dust is contained , and the 

collection amount of the dust is quantified, a meth od in which 

a dust concentration in air is obtained from the in formation 

on the laser diffraction of sample air, or the like  has been 

conventionally adopted.  For example, the aforement ioned 

Patent Literature 1 describes in the examples there of a method 

for measuring the mass concentration of dust in suc h a way that: 

a predetermined mass of a powder is taken in a meta l cylindrical 

can to be shaken up and down 5 times at 1 up-and-do wn cycle per 

second; and the lid is detached immediately after t he shaking 

to measure the mass concentration of dust released from the 

surface with a digital dust meter at 3 minutes afte r detaching 

the lid. 

 

Citation List 

Patent Literature 

[0006]Patent Literature 1: Japanese Patent Laid-Ope n No. 

62-212255 

 

Summary of Invention 

Technical Problem 

[0007] The present inventors have noticed that in 

conventional methods for measuring a scattering pro perty of a 
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powder, the difference in the measurement result is  small 

between a powder product on which a treatment for s uppressing 

the occurrence of dust has been applied (so-called dust-free 

product) and a powder product on which such a treat ment has not 

been applied.  A difference in the measurement resu lt is still 

less hardly seen between dust-free powders, so that  it has been 

difficult to evaluate the difference in performance  through 

comparison between dust-free products.  Therefore, even if a 

dust-free powder from which the generation amount o f dust can 

be made smaller than the conventional dust-free pow ders is 

developed, there is a possibility that the excellen t 

performance cannot be evaluated accurately, and the  strong 

points and values of the product cannot be shown pr operly.  Such 

a circumstance, if brought about, can be a hindranc e to the sales 

of excellent products. 

[0008] Thus, the present invention intends to provi de a 

method by which a scattering property of a powder c an be more 

clearly evaluated. 

 

Solution to Problem 

[0009] Conventionally, it has been considered that a large 

amount of dust is generated by shaking a powder as described 

in the aforementioned Patent Literature 1.  However , the 

present inventors have conducted various studies to  obtain a 

finding that a larger amount of dust is in fact gen erated at 

the moment of contact between a powder and a liquid  when the 

powder is dropped onto the liquid, and thus the pre sent 

invention has been completed. 

[0010] That is, the present invention provides a me thod 

for evaluating a scattering property of a powder, t he method 

including dropping a powder to be evaluated onto a liquid placed 

in a box, thereby scattering the powder as dust, an d measuring 

a dust concentration in air in the box with a dust meter. 

 

Advantageous Effects of Invention 

[0011] The present invention can provide a method b y which 



4 

a scattering property of a powder can be more clear ly evaluated.  

 

Brief Description of Drawings 

[0012][Figure 1] Figure 1 is a diagram illustrating  an outline 

configuration of an apparatus for evaluating a scat tering 

property of a powder according to one embodiment of  the present 

invention.  

[Figure 2] Figure 2 is a schematic diagram of a sec tion taken 

along line A-A in Figure 1. 

[Figure 3] Figure 3 is a section view illustrating an outline 

configuration of an apparatus for evaluating a scat tering 

property of a powder according to another embodimen t of the 

present invention, the section view corresponding t o Figure 2. 

[Figure 4] Figure 4 is a section view illustrating an outline 

configuration of an apparatus for evaluating a scat tering 

property of a powder according to yet another embod iment of the 

present invention, the section view corresponding t o Figure 2. 

 

Description of Embodiments 

[0013] Hereinafter, embodiments of the present inve ntion 

will be described, but the present invention is not  limited to 

the following embodiments.  

[0014] A method for evaluating a scattering propert y of 

a powder according to one embodiment of the present  invention 

includes dropping a powder to be evaluated onto a l iquid placed 

in a box, thereby scattering the powder as dust in the box, and 

measuring a dust concentration in air in the box wi th a dust 

meter. 

[0015] When the powder to be evaluated drops onto t he 

liquid placed in the box, a larger amount of dust c an be generated 

in the box than in the case where the powder is dro pped onto 

a place where the liquid does not exist.  In this w ay, in the 

present invention, by actively scattering the powde r to be 

evaluated as dust and measuring the dust concentrat ion in air 

in the box on that occasion with a dust meter, whet her the powder 

is easy to scatter or hard to scatter is evaluated.   In other 
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words, by dropping a powder onto a liquid placed in  a box to 

scatter the powder actively as dust, the difference  in the value 

of the concentration of the dust in air in the box becomes clearer 

between a powder that is easy to scatter and a powd er that is 

hard to scatter.  Therefore, the evaluation of the difference 

in performance between dust-free powders through co mparison can 

also be conducted, so that the scattering property of a powder 

can be more clearly evaluated.  That is, with respe ct to the 

evaluation of a scattering property for a powder or  powders, 

the present method is more suitable for relatively evaluating 

the scattering property for a plurality of powders through 

comparison. 

[0016] Hereinafter, the method for evaluating a 

scattering property of a powder according to one em bodiment of 

the present invention will be described in detail w ith reference 

to the accompanying drawings usable for the method,  each 

illustrating an outline configuration of an apparat us for 

evaluating a scattering property of a powder accord ing to one 

embodiment of the present invention.  Incidentally,  the same 

reference sign is given to the components which are  common in 

respective figures, and the description may be omit ted. 

[0017] Figure 1 is a plan view viewed from above, t he plan 

view schematically illustrating an outline configur ation of 

arrangement relation in an apparatus 1 for evaluati ng a 

scattering property of a powder according to one em bodiment of 

the present invention.  Figure 2 is a section view taken along 

line A-A in Figure 1 and is a schematic diagram ill ustrating 

a state where a liquid 3 is arranged in a box 2.  T he apparatus 

1 for evaluating a scattering property illustrated in Figure 

1 and Figure 2 is provided with: the box 2 in which  the liquid 

3 is placed; and a dust meter 4 that measures the d ust 

concentration in air in the box 2 when a powder to be evaluated 

drops onto the liquid 3 placed in the box to scatte r as dust. 

[0018] The box 2 can form a space (space to be an o bject 

of measurement) where the powder to be evaluated sc atters as 

dust.  The shape of the box 2 is not particularly l imited and 
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can be a shape having an upper portion 2a, a side p ortion 2b, 

and a bottom portion 2c, and when the shape is expr essed in terms 

of a planar view shape viewed from the upper portio n 2a or from 

the bottom portion 2c, examples thereof include an 

approximately triangular shape, an approximately sq uare shape, 

an approximately polygonal shape, an approximately circular 

shape, and an approximately elliptical shape.  For example, the 

box 2 in an approximately rectangular parallelepipe d shape 

having the upper portion 2a, the side portion 2b, a nd the bottom 

portion 2c can be suitably used.  It is preferable that the 

volume of the box 2, namely the volume of the space  into which 

a powder is scattered, be about 10 to about 300 L, more preferably 

about 10 to about 150 L. 

[0019] It is preferable that the box 2 be provided with 

a hole portion 21, to be an inlet of a powder into the box 2, 

at a position above the level 3a of the liquid 3 to  be placed 

in the box 2 in order to drop the powder onto the l iquid 3 placed 

in the box 2.  More preferably, as illustrated in F igure 1 and 

Figure 2, the hole portion 21 is provided at the up per portion 

2a of the box 2 in that the hole portion 21 is posi tioned above 

the level 3a of the liquid 3 to be placed in the bo x 2, thereby 

making it easy to drop the powder from the hole por tion 21 onto 

the liquid 3 placed in the box 2.  The use of a sup ply path, 

which will be described later, allows the powder to  drop onto 

the liquid 3 placed in the box 2 even if the hole p ortion is 

provided at the side portion 2b of the box 2 as lon g as the 

position is above the level 3a of the liquid 3. 

[0020] Although the use of the box 2 whose upper po rtion 

2a is open allows the powder to drop from the openi ng onto the 

liquid 3 placed in the box 2, the box 2 provided wi th a hole 

portion 21 is preferable in that the portions other  than the 

hole portion 21 can form a closed space (almost tig htly closed 

space).  Such an almost tightly closed box 2 can ma ke it hard 

for dust, which is generated when the powder is dro pped onto 

the liquid 3 placed in the box 2, to be subjected t o an influence 

of an air stream outside the box 2.  As a result, t he measurement 
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accuracy can be enhanced.  Accordingly, from the vi ewpoint of 

capable of contributing to the enhancement of the m easurement 

accuracy, it is preferable that the box 2 be the al most tightly 

closed box 2 in which the portions other than the h ole portion 

21 form a closed space.  In addition, from the view point of the 

enhancement of the measurement accuracy and from th e viewpoint 

that the powder, which has dropped onto the liquid 3, can scatter 

sufficiently as dust, it is preferable that the dia meter of the 

hole portion 21 be about 10 to about 100 mm. 

[0021] As illustrated in Figure 2, it is preferable  that 

the box 2 be provided with: a box main body 22 whos e upper portion 

is open; and a lid 23 that covers the upper portion  of the box 

main body 22 and that the above-described hole port ion 21 be 

provided at the lid 23.  In this case, the box main  body 22 

constitutes the side portion 2b and the bottom port ion 2c of 

the box 2, and the lid 23 constitutes the upper por tion 2a of 

the box 2.  The use of the box 2 provided with: a b ox main body 

22; and a lid 23 having a hole portion 21 makes it easy to arrange 

the liquid 3 and the dust meter 4 in the box 2 and makes the 

measurement operation easy by detaching the lid 23 from the box 

main body 22 at a measurement preparation stage bef ore the 

measurement.  In addition, when the measurement is performed, 

putting the lid 23 on the upper portion of the box main body 

22 allows the above-described almost tightly closed  box to be 

formed, thereby capable of contributing to the enha ncement of 

the measurement accuracy. 

[0022] Although not illustrated in the figures, a s lide 

type or push-pull type opening/closing portion may be provided 

at the upper portion 2a and/or the side portion 2b of the box 

2 in place of the lid 23 or together with the lid 2 3.  By making 

the opening/closing portion open, the liquid 3 and the dust 

meter 4 can be arranged in the box 2 at a measureme nt preparation 

stage, and the liquid 3 and the dust meter 4 can be  taken out 

of the box 2 when the measurement is completed or w hen the 

measurement is not performed.  In addition, when th e 

measurement is performed, making the opening/closin g portion 
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close allows the above-described almost tightly clo sed box to 

be formed, thereby capable of contributing to the e nhancement 

of the measurement accuracy. 

[0023] It is preferable that the box 2 be transpare nt or 

semitransparent to such an extent that the inside o f the box 

2 is visually recognizable from the outside of the box 2.  In 

this case, the whole or part of the box 2 may be tr ansparent 

or semitransparent as long as the inside of the box  2 is visually 

recognizable from the outside of the box 2.  Exampl es of the 

material for the box 2 whose inside is visually rec ognizable 

from outside include plastics and glass, and from t he viewpoint 

of production costs, mass, handling properties, saf ety, etc., 

plastics are preferable.  Examples of the plastics include 

polypropylene, polyethylene, acrylic resins, and po lyester 

resins.  In the case where the box is provided with  the 

above-described box main body 22 and lid 23, or the  

above-described box main body 22 and opening/closin g portion, 

the box main body 22 and the lid 23, or the box mai n body 22 

and the opening/closing portion may be formed with the same type 

of material or may be formed with different types o f materials. 

[0024] The powder to be evaluated is not particular ly 

limited.  Any powder having a possibility of scatte ring as dust 

when used for applications according to the powder can be the 

object of evaluation.  Examples of the material for  the powder 

include cereal flour such as wheat flour, rice flou r, corn flour, 

and dogtooth violet starch, inorganic powders such as calcium 

sulfate, calcium carbonate, calcium hydroxide, sili con dioxide, 

talc, iron oxide, aluminum, aluminum oxide, aluminu m hydroxide, 

magnesium oxide, and magnesium hydroxide, and synth etic resin 

powders.  In addition, for example, powder products  obtained 

by mixing different types or the same types of a pl urality of 

powders, such as gypsum, mortar, cement, and dental  powder 

products, can also be used as the powder to be eval uated. 

[0025] The method and the apparatus 1 according to the 

present embodiment are suitable for relatively eval uating the 

scattering property of a powder, as described previ ously, and 
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therefore as a powder to be evaluated, a product on  which a 

treatment of suppressing the occurrence of dust is applied, 

namely a powder product which is sold as a so-calle d dust-free 

product, is more suitable.  Examples of more suitab le powder 

products include dental powder products such as den tal 

gypsum-based embedding materials, dental phosphate- based 

embedding materials, dental silica-based embedding materials, 

dental hard gypsum, dental superhard gypsum, and de ntal 

calcined gypsum. 

[0026] It is preferable that the amount of a powder  to be 

dropped onto the liquid 3 be 0.05 to 0.80 g, more p referably 

0.08 to 0.65 g per 1 L of the volume of the box 2 s o that an 

appropriate amount of the powder can scatter as dus t in the box 

2.  The amount of the powder to be dropped onto the  liquid 3 

can be appropriately adjusted according to the char acteristics 

of the powder to be evaluated, such as density. 

[0027] The liquid 3 to be placed in the box 2 may b e prepared 

in the box 2 at the time of measurement at the late st.  When 

the powder drops onto the liquid 3 in measuring the  dust 

concentration, the powder is mixed into the liquid 3, and 

therefore it is desirable that the liquid 3 be repl aced every 

time the dust concentration of the powder is measur ed.  

Therefore, the liquid 3 may be placed in the box 2 preferably 

at the time of measurement, more preferably at ever y measurement.  

Still more preferably, as illustrated in Figure 2, the liquid 

may be placed in the box 2 in such a way that the l iquid is put 

in a container 5, the upper portion of which is ope n, at the 

time of measurement, and the container 5 with the l iquid 3 being 

put therein is accommodated in the box 2.  The use of such a 

container 5 makes it easy to replace the liquid 3 a nd to wash 

the part for putting the liquid 3 therein. 

[0028] In the case where the above-described contai ner 5 

is used, the apparatus 1 for evaluating a scatterin g property 

can be further provided with a container 5 the uppe r portion 

of which is open and in which the liquid 3 is to be  put 

(hereinafter, sometimes referred to as “container f or liquid”).  
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In this case, it is desirable that the container 5 for liquid 

be detached at every measurement, and therefore it is preferable 

that in the box 2, a mark be provided at a position  where the 

container 5 for liquid is arranged, and it is also preferable 

that a fixing portion for fixing the container 5 fo r liquid at 

a predetermined position in the box 2 be provided.  As the 

position where the liquid 3 (container 5 for liquid ) is arranged 

in the box 2, an edge in the box 2 is preferable.  For example, 

in the case where the box 2 has a shape containing corners 

(including round corners) in the planar view of the  bottom 

portion 2c, such as the box 2 of an almost rectangu lar 

parallelepiped, as illustrated in Figure 1, it is p referable 

that the liquid 3 (container 5 for liquid) be place d at a corner 

in the bottom portion 2c in the box 2.  Separating the dust meter 

4 at a certain distance from the liquid 3 that is a  source of 

generating dust by arranging the liquid 3 at a posi tion of an 

edge or a corner in the box 2 and arranging the dus t meter 4, 

which will be described later, so as to oppose to t he position 

of the liquid 3, or by other methods, can contribut e to the 

enhancement of the measurement accuracy. 

[0029] The container 5 for liquid is not particular ly 

limited as long as it has a shape whose upper porti on is open 

in such an extent that the powder to be evaluated d rops onto 

the level 3a of the liquid 3 which is put in the co ntainer 5 

to enable sufficient contact.  Examples of such a c ontainer 5 

include a dish type, a bowl type, and a cup type.  It is 

preferable that the liquid 3 be put in the containe r 5 in such 

an amount that the liquid 3 has a certain extent of  depth so 

that the powder which has dropped onto the liquid 3  can scatter 

sufficiently as dust, and therefore it is preferabl e that the 

container 5 be of a bowl type or of a cup type.  Th e amount of 

the liquid 3 to be placed in the box 2 is not parti cularly limited 

and can be appropriately determined according to th e volume of 

the box 2 and the use amount of the powder, and it is preferable 

that the amount of the liquid to be placed in the b ox 2 be set 

to 50 to 2400 mL, more preferably 80 to 1000 mL. 
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[0030] Incidentally, as described above, from the 

viewpoint of easiness of replacement of the liquid 3, and other 

viewpoints, it is preferable that the liquid 3 be p ut in the 

container 5 for liquid, which is other than the box  2, but the 

liquid 3 may be put directly in the box 2.  For exa mple, the 

liquid 3 may be placed in the box 2 by being put in  a liquid 

injection portion formed in a dish shape, a bowl sh ape, a cup 

shape, and the like, the liquid injection portion p rovided in 

the box 2, or by being put in a liquid injection po rtion formed 

with a partition plate or the like. 

[0031] The size of the opening of the container 5 f or liquid 

or the liquid injection portion (size of level 3a) is not 

particularly limited as long as the size is in such  an extent 

that the powder to be evaluated drops onto the leve l 3a of the 

liquid 3 to enable sufficient contact, and the powd er, when 

drops onto the liquid 3, can sufficiently scatter a s dust.  It 

is preferable that the size of the opening of the c ontainer 5 

for liquid or the liquid injection portion (size of  level 3a) 

be larger than the diameter of the previously descr ibed hole 

portion 21 of the box 2 and the width or the diamet er of the 

supply path, which will be described later, that in troduces the 

powder from the hole portion 21 to the liquid 3. 

[0032] It is preferable to use the type of liquid 3  

according to the actual usage conditions of the pow der to be 

evaluated.  For example, in the case where the powd er to be 

evaluated is a dental gypsum-based embedding materi al or 

calcined gypsum (such as dental hard gypsum, dental  superhard 

gypsum and dental calcined gypsum) for dental model s, the dental 

gypsum-based embedding material or the calcined gyp sum for 

dental models is used by being mixed with water, an d therefore 

it is preferable to use water as the liquid 3.  In addition, 

for example, in the case where the powder to be eva luated is 

a phosphate-based dental embedding material, the de ntal 

embedding material is used by being mixed with an a queous 

solution of colloidal silica, and therefore it is p referable 

to use an aqueous solution of colloidal silica as t he liquid 
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3.  Further, in the case where the application of t he powder 

to be evaluated is not specified, in the case where  a powder 

has diverse applications, in the case where the pow der is not 

used by being kneaded with a liquid, or other cases , it is 

preferable to use water as the liquid 3. 

[0033] To drop the powder onto the liquid 3 placed in the 

box 2, it is preferable to use a supply path 6 that  introduces 

the powder from the hole portion 21 provided at the  box 2 to 

the liquid 3 placed in the box 2.  In the case wher e this supply 

path 6 is used, the apparatus 1 for evaluating a sc attering 

property can be further provided with a supply path  6 that 

introduces the powder from the hole portion 21 to t he liquid 

3.  Specifically, the supply path 6 can be provided  so as to 

be connected to the aforementioned hole portion 21 provided at 

the box 2.  In this case, the side of the hole port ion 21 in 

the supply path 6 can be used as a portion where th e powder is 

introduced (introduction portion) 6a, and the edge on the 

opposite side of the introduction portion 6a can be  used as a 

portion where the powder is supplied to the liquid 3 (supply 

portion) 6b.  In Figure 2, the configuration in whi ch the hole 

portion 21 and the supply path 6 are connected in s uch a way 

that the side of the introduction portion 6a in the  supply path 

6 is inserted and accommodated in the hole portion 21 of the 

box 2 is given as an example, but the supply path 6  may be provided 

so that the side of the introduction portion 6a pen etrates from 

the hole portion 21 to the outside of the box 2. 

[0034] The supply path 6 is provided so that the po wder, 

when drops onto the liquid 3 placed in the box 2, c an be scattered 

as dust.  Examples of the shape of the supply path 6 include 

a tubular shape, a semi-tubular shape, and a slope shape, and 

examples of the shape of the section of the supply path 6 include 

a circular shape, elliptical shape, a square shape,  a 

rectangular shape, an arch shape, and a U-shape 

[0035] It is preferable that the supply path 6 have  a 

tubular shape (supply pipe) so that the powder, whe n drops onto 

the liquid 3, can scatter as dust without scatterin g as dust 



13 

in the space in the box 2 at a stage in which the p owder passes 

through the supply path 6 before the powder drops o nto the liquid 

3.  The width (diameter) of the supply path 6 (supp ly pipe) and 

the width (diameter) of the above-described introdu ction 

portion 6a and supply portion 6b can be set so as t o be about 

the same size as the diameter of the previously des cribed hole 

portion 21 provided at the box 2. 

[0036] The supply path 6 may be provided in a linea r shape 

from the hole portion 21 of the box 2 toward the li quid 3, may 

be provided in a curved shape, or may be provided i n a linear 

shape from the hole portion 21 toward the liquid 3 along the 

direction of the height of the box 2.  Further, the  supply path 

6 may be provided with: a portion (perpendicular po rtion) 61 

along the direction of the height of the box 2 (ver tical 

direction relative to level 3a of liquid 3); and a portion 

(inclination portion) 62 inclined relative to the d irection of 

the height of the box 2 or relative to the level 3a  of the liquid 

3.  In this case, in the supply path 6, the side of  the 

introduction portion 6a may be the inclination port ion or the 

perpendicular portion, and the side of the supply p ortion 6b 

may also be the inclination portion or the perpendi cular 

portion. 

[0037] More preferably, as illustrated in Figure 2,  the 

supply path 6 is inclined, on a side of a supply po rtion 6b that 

supplies the powder to the liquid 3, relative to th e level 3a 

of the liquid 3, and comprises an inclination porti on 62 that 

slides the powder down toward the liquid 3.  The po wder supplied 

from the supply portion 6b that is provided continu ously to this 

inclination portion 62 drops onto the liquid 3 from  an oblique 

upper direction relative to the level 3a of the liq uid 3.  By 

allowing the supply path 6 to be provided with the inclination 

portion 62, the powder, when drops onto the liquid 3 from the 

inclination portion 62, can be actively scattered a s dust.  It 

is preferable that the inclination portion 62 have a 

configuration such that at least the side of the su pply portion 

6b is inclined relative to the level 3a of the liqu id 3, and 
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the whole of the supply path 6 may be inclined rela tive to the 

level 3a of the liquid 3. 

[0038] It is preferable that the angle θ made by the 

inclination portion 62 and the level 3a of the liqu id 3 be 20 

to 70 °, more preferably 30 to 60 °.  Due to the inclination 

portion 62 in such a range of angles, it becomes ea sier for the 

powder that has dropped onto the liquid 3 from the supply portion 

6b at the tip of the inclination portion 62 to scat ter as dust. 

[0039] Incidentally, in Figure 2, a tubular supply path 

(supply pipe) 6 is illustrated as an example.  In t he supply 

pipe 6, the side of the connection with the hole po rtion 21 of 

the box 2 is used as an introduction port (introduc tion portion) 

6a to which a powder is introduced, and the opposit e side of 

the introduction port 6a is used as a supply port ( supply 

portion) 6b from which the powder is supplied to th e liquid 3.  

The supply pipe 6 is provided with: the perpendicul ar portion 

61 in which the side of the introduction port 6a is  formed along 

the direction of the height of the box 2; and the i nclination 

portion 62 formed continuously from the perpendicul ar portion 

61 to the supply port 6b. 

[0040] It is preferable that in the supply path 6, the 

supply portion 6b be provided at a predetermined he ight apart 

from the level 3a of the liquid 3 so that the powde r that has 

dropped onto the liquid 3 can more easily scatter a s dust.  In 

the apparatus illustrated in Figure 2, in the suppl y path 6, 

the supply port (supply portion) 6b is provided at a 

predetermined height h apart from the level 3a of t he liquid 

3.  It is preferable that the distance (height) h b etween the 

level 3a of the liquid 3 and the lower end of the s upply port 

(supply portion) 6b be 1 to 30 mm, more preferably 5 to 15 mm. 

[0041] As illustrated in Figure 3, it is preferable  to use 

a hopper section 7 that is connected on the hole po rtion 21 of 

the box 2 so that the powder can be easily introduc ed in the 

box 2 and that the powder can be easily put in the introduction 

portion 6a in the supply path 6.  In this case, an apparatus 

10 for evaluating a scattering property can be prov ided with 
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a hopper section 7 on the box 2, the hopper section  7 to be 

connected to the hole portion 21 of the box 2.  Fig ure 3 is an 

outline configuration diagram illustrating an examp le in which 

the hopper section 7 is attached to the hole portio n 21 of the 

box 2 in the apparatus illustrated in Figure 2.  In  the apparatus 

10 illustrated in Figure 3, an end portion 7a on th e outlet side 

of the hopper section 7 is inserted in the introduc tion port 

6a in the supply path 6 in which the side of the in troduction 

port 6a is inserted and accommodated in the hole po rtion 21 of 

the box 2, but the connection mode of the hopper se ction 7, the 

hole portion 21, and the supply path 6 (introductio n port 6a) 

is not limited.  For example, the introduction port  6a in the 

supply path 6 may be provided so as to penetrate fr om the hole 

portion 21 to the outside of the box 2, and the end  portion 7a 

on the outlet side of the hopper section 7 may be c onnected to 

the introduction port 6a at a position outside the box 2, the 

position apart upward from the hole portion 21 of t he box 2.  

In addition, for example, the end portion 7a on the  outlet side 

of the hopper section 7 may penetrate through the h ole portion 

21 to be connected to the introduction port 6a in t he supply 

path 6 at a position inside the box 2, the position  apart downward 

from the hole portion 21. 

[0042] As the dust meter 4, a general-purpose dust 

measurement device for use in measuring working env ironments 

can be used.  Examples of the dust meter 4 that can  be used 

include a light scattering type dust measurement de vice, a light 

absorption type dust measurement device, and a volt  balance type 

dust measurement device.  Among these, a light scat tering dust 

measurement device is preferable from the viewpoint  of easy 

usability. 

[0043] It is preferable that the dust meter 4 be pl aced 

in the box 2 at the time of use (at the time of mea surement).  

Due to the dust meter 4 arranged in the box 2, the dust 

concentration in air in the box 2 when the powder i s dropped 

onto the liquid 3 placed in the box 2 and is scatte red as dust 

can be measured with good accuracy.  As illustrated  in Figure 
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1, the dust meter 4 is more preferably arranged at a position 

of an edge (corner) in the box 2, and it is prefera ble to arrange 

the dust meter 4 so as to face to the previously de scribed 

position of arranging the liquid 3 in that such arr angement 

expands the measurement range and can contribute to  the 

enhancement of the measurement accuracy. 

[0044] The dust meter 4 is not necessarily placed i n the 

box 2 at the time of use (at the time of measuremen t) and may 

be placed outside the box 2 as long as the dust con centration 

in air in the box can be measured.  For example, as  illustrated 

in Figure 4, an air inlet pipe 41 for sucking air i n the box 

2 and an exhaust pipe 42 for exhausting the sucked air out into 

the box 2 can be attached to the dust meter 4 in th e apparatus 

11 for evaluating a scattering property.  By using the dust 

meter 4 provided with the air inlet pipe 41 and the  exhaust pipe 

42 each connected to the inside of the box 2, the d ust 

concentration in air in the box 2 can be measured w ith the dust 

meter 4 even in the case where the dust meter 4 is placed outside 

the box 2.  In this case, an air inlet hole 241 for  feeding air 

in the box 2 into the dust meter 4 through the air inlet pipe 

41 by being connected to the air inlet pipe 41, or an exhaust 

hole 242 for feeding air into the box 2 through the  exhaust pipe 

42 by being connected to the exhaust pipe 42 can be  provided 

at the box 2.  In the apparatus 11 for evaluating a  scattering 

property illustrated in Figure 4, the air inlet pip e 41 is 

connected to the air inlet port of the dust meter 4  and the air 

inlet hole 241 provided at the side portion 2b of t he box 2, 

and the exhaust pipe 42 is connected to the exhaust  port of the 

dust meter 4 and the exhaust hole 242 provided at t he side portion 

2b of the box 2. 

[0045] The dust concentration to be measured with t he dust 

meter 4 can be used for evaluating the scattering p roperty of 

a powder.  When the value of the dust concentration  is high, 

the powder can be evaluated as easily scatters, and  when the 

value of the dust concentration is low, the powder can be 

evaluated as hardly scatters.  It is preferable to measure at 
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least one of the number concentration [number/m 3] and the mass 

concentration [mg/m 3] of dust as the dust concentration.  In 

addition, it is preferable to measure at least one of the maximum 

value and the integrated value of the dust concentr ation, more 

preferably both of them.  Each of the maximum value  and the 

integrated value of the dust concentration can be o btained by 

measuring the dust concentration at a predetermined  time (for 

example, 1 minute) interval, thereby acquiring a pl urality (for 

example, 5 points) of measured values. 

[0046] It is preferable that the measurement proced ure in 

the method for evaluating a scattering property of a powder 

according to the present embodiment include: a step  of arranging 

the liquid 3 (more preferably, container 5 with liq uid 3 being 

put therein) in the box 2; a step of starting the m easurement 

with the dust meter 4; and a step of dropping the p owder to be 

evaluated onto the liquid 3.  This measurement proc edure may 

include a step of installing the dust meter 4 in th e box 2 or 

outside the box 2 before starting the measurement w ith the dust 

meter 4.  More preferably, the measurement with the  dust meter 

4 is started before dropping the powder onto the li quid 3 to 

acquire a first measured value as a blank, and ther eafter the 

powder is dropped onto the liquid 3.  In addition, it is 

preferable to complete the measurement when the amo unt of dust 

is lowered to about the same extent as the first me asured value 

(blank), and it is preferable to measure the dust c oncentration 

at a predetermined time interval (for example, inte rval of 10 

seconds to 120 seconds) from the start of the measu rement to 

the completion of the measurement. 

[0047] Respective types of constitution described a bove 

can be arbitrarily combined.  In addition, the meth od for 

evaluating a scattering property of a powder accord ing to one 

embodiment of the present invention can also take t he following 

constitution. 

[1] A method for evaluating a scattering property o f a powder, 

the method comprising dropping a powder to be evalu ated onto 

a liquid placed in a box, thereby scattering the po wder as dust 
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in the box, and measuring a dust concentration in a ir in the 

box with a dust meter. 

[2] The method for evaluating a scattering property  of a powder 

according to [1], wherein the box comprises a hole portion, to 

be an inlet of the powder into the box, at a positi on above a 

level of the liquid to be placed in the box. 

[3] The method for evaluating a scattering property  of a powder 

according to [2], wherein the box comprises: a box main body 

whose upper portion is open; and a lid that covers the upper 

portion of the box main body, and the lid comprises  the hole 

portion. 

[4] The method for evaluating a scattering property  of a powder 

according to [2] or [3], wherein the powder is drop ped onto the 

liquid using a supply path that introduces the powd er from the 

hole portion to the liquid. 

[5] The method for evaluating a scattering property  of a powder 

according to [4], wherein the supply path is inclin ed, on a side 

of a supply portion that supplies the powder to the  liquid, 

relative to the level of the liquid, and comprises an 

inclination portion that slides the powder down tow ard the 

liquid. 

[6] The method for evaluating a scattering property  of a powder 

according to [5], wherein the supply portion in the  supply path 

is provided at a predetermined height apart from th e level of 

the liquid. 

[7] The method for evaluating a scattering property  of a 

powder according to any one of [1] to [6], wherein the liquid 

is put in a container whose upper portion is open, the container 

with the liquid being put therein is accommodated i n the box, 

and the liquid is thereby placed in the box. 

[8] The method for evaluating a scattering property  of a powder 

according to any one of [1] to [7], wherein the pow der is a dental 

powder product. 

[0048] Further, the apparatus for evaluating a scat tering 

property of a powder according to one embodiment of  the present 

invention can also take the following constitution.  
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[9] An apparatus for evaluating a scattering proper ty of a 

powder, the apparatus comprising: a box in which a liquid is 

to be placed; and a dust meter that measures a dust  concentration 

in air in the box when a powder to be evaluated dro ps onto a 

liquid placed in the box and scatters as dust. 

[10] The apparatus for evaluating a scattering prop erty of a 

powder according to [9], wherein the box comprises a hole 

portion, to be an inlet of the powder into the box,  at a position 

above a level of the liquid to be placed in the box . 

[11] The apparatus for evaluating a scattering prop erty of a 

powder according to [10], wherein the box comprises : a box main 

body whose upper portion is open; and a lid that co vers the upper 

portion of the box main body, and the lid comprises  the hole 

portion. 

[12] The apparatus for evaluating a scattering prop erty of a 

powder according to [10] or [11], further comprisin g a supply 

path that introduces the powder from the hole porti on to the 

liquid. 

[13] The apparatus for evaluating a scattering prop erty of a 

powder according to[12], wherein the supply path is  inclined, 

on a side of a supply portion that supplies the pow der to the 

liquid, relative to the level of the liquid, and co mprises an 

inclination portion that slides the powder down tow ard the 

liquid. 

[14] The apparatus for evaluating a scattering prop erty of a 

powder according to [13], wherein the supply portio n in the 

supply path is provided at a predetermined height a part from 

the level of the liquid. 

[15] The apparatus for evaluating a scattering prop erty of a 

powder according to any one of [9] to [14], further  comprising 

a container whose upper portion is open, wherein th e container 

is to be accommodated in the box, and the liquid is  to be put 

in the container. 

[16] The apparatus for evaluating a scatting proper ty of a 

powder according to any one of [9] to [15], wherein  the powder 

is a dental powder product. 
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Examples 

[0049] Hereinafter, the present invention will be 

described more specifically giving Examples, but th e present 

invention is not limited to the following Examples.  

[0050]<Preparation of Apparatus> 

 A polypropylene storage case (trade name “ST BOX 2 5” 

manufactured by Astage CO., LTD.) of 360 mm in widt h, 240 mm 

in height, and 240 mm in depth (volume of about 20 L), the storage 

case provided with a box main body and a lid, was u sed as a box.  

In the lid of this box, a hole portion in a circula r shape having 

a dimeter of 30 mm was provided at a portion on the  right-hand 

side portion in the width direction and on the appr oximately 

central portion in the depth direction (refer to Fi gure 1).  On 

one corner side in this box, a container whose uppe r portion 

is open was arranged, and a laser light scattering type dust 

meter (trade name “Dust Monitor Dust Meter DC170” m anufactured 

by SATOTECH) was arranged on the corner side diagon al to the 

corner where this container was arranged (refer to Figure 1).  

The center-to-center distance between the container  and the 

dust meter in planar view was about 200 mm.  To dro p a powder, 

a supply pipe that introduces the powder from the h ole portion 

of the box into the container arranged in the box w as used.  In 

the box, a powder introduction port of the supply p ipe (diameter 

of pipe: 30 mm, length of perpendicular portion: 60  mm, length 

of inclination portion: 95 mm, angle θ: 35 °) was inserted into 

the hole portion of the box to connect the hole por tion and the 

supply pipe (refer to Figure 2 and Figure 3). 

[0051](Example 1) 

 In Example 1, a dental gypsum-based embedding mate rial 

(trade name “SaKura Quick 20” manufactured by Yoshi no Gypsum 

Co., Ltd.) was used as a powder to be evaluated.  T his powder 

is used by being mixed with water, and therefore, 1 50 mL of water 

was put in advance in the container arranged in the  box.  On 

that occasion, the distance h between the level of the liquid 

in the container and the lower end of the supply po rt of the 
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supply pipe was 5 mm.  The measurement of the dust concentration 

with the dust meter was started before dropping the  powder onto 

water.  The interval of measuring the dust concentr ation was 

set to 1 minute, and at 10 seconds after the first measurement 

was completed, 5 g of the powder was dropped onto w ater in the 

container from a hopper section (refer to Figure 3)  attached 

to the hole portion of the box through the supply p ipe, thereby 

scattering the powder as dust.  Up to 5 measured va lues of the 

dust concentration (number concentration of particl es having 

particle diameter of 0.5 µm or more) in air in the box on that 

occasion were acquired. 

[0052](Example 2) 

 In Example 2, the dust concentration was measured in the 

same manner as in Example 1 except that a powder ob tained by 

adding a nonionic surfactant, as a treatment for su ppressing 

the occurrence of dust, to the powder used in Examp le 1 (dental 

gypsum-based embedding material treated so as to be  dust-free) 

was used in place of the powder used in Example 1. 

[0053](Comparative Example 1) 

 In Comparative Example 1, the dust concentration w as 

measured in the same manner as in Example 1 except that water 

was not put in the container arranged in the box. 

[0054](Comparative Example 2) 

 In Comparative Example 2, the dust concentration w as 

measured in the same manner as in Example 2 except that water 

was not put in the container arranged in the box. 

[0055](Example 3) 

 In Example 3, the dust concentration was measured in the 

same manner as in Example 1 except that white cemen t (“White 

Portland Cement” manufactured by TAIHEIYO CEMENT CO RPORATION) 

was used as a powder to be evaluated in place of th e powder used 

in Example 1. 

[0056](Example 4) 

 In Example 4, the dust concentration was measured in the 

same manner as in Example 3 except that a powder ob tained by 

adding a nonionic surfactant, as a treatment for su ppressing 
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the occurrence of dust, to the powder used in Examp le 3 (white 

cement treated so as to be dust-free) was used in p lace of the 

powder used in Example 3. 

[0057](Comparative Example 3) 

 In Comparative Example 3, the dust concentration w as 

measured in the same manner as in Example 3 except that water 

was not put in the container arranged in the box. 

[0058](Comparative Example 4) 

 In Comparative Example 4, the dust concentration w as 

measured in the same manner as in Example 4 except that water 

was not put in the container arranged in the box. 

[0059](Example 5) 

 In Example 5, the dust concentration was measured in the 

same manner as in Example 1 except that dental hard  gypsum (trade 

name “New Hi-Stone Yellow” manufactured by Yoshino Gypsum Co., 

Ltd.) was used as a powder to be evaluated in place  of the powder 

used in Example 1 and that the amount of the powder  dropped was 

changed from “5 g” in Example 1 to “10 g”. 

[0060](Example 6) 

 In Example 6, the dust concentration was measured in the 

same manner as in Example 5 except that a powder ob tained by 

adding a nonionic surfactant, as a treatment for su ppressing 

the occurrence of dust, to the powder used in Examp le 5 (dental 

hard gypsum treated so as to be dust-free) was used  in place 

of the powder used in Example 5. 

[0061](Comparative Example 5) 

 In Comparative Example 5, the dust concentration w as 

measured in the same manner as in Example 5 except that water 

was not put in the container arranged in the box. 

[0062](Comparative Example 6) 

 In Comparative Example 6, the dust concentration w as 

measured in the same manner as in Example 6 except that water 

was not put in the container arranged in the box.  

[0063] The maximum value among the five measured va lues 

of the dust concentration measured in each of Examp les and 

Comparative Examples, and the integrated value of t he 5 measured 
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values in total were used for evaluation.  The resu lts are shown 

in Tables 1 to 3.
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[0067] From the comparison of the results of Exampl es 1 

and 2 with the results of Comparative Examples 1 an d 2, the 

comparison of the results of Examples 3 and 4 with the results 

of Comparative Examples 3 and 4, and the comparison  of the 

results of Examples 5 and 6 with the results of Com parative 

Examples 5 and 6, it was found that the difference in the measured 

value of the dust concentration due to whether the powder was 

treated so as to be dust-free or not was larger in Examples than 

in Comparative Examples.  Accordingly, it was ascer tained that 

by dropping a powder onto a liquid placed in a box to scatter 

the powder actively as dust, the difference in the dust 

concentration in air in the box becomes clearer, so  that the 

scattering property of a powder can be evaluated mo re clearly. 

 

Industrial Applicability 

[0068] The method for evaluating a scattering prope rty of 

a powder or the apparatus for evaluating a scatteri ng property 

of a powder according to one embodiment of the pres ent invention 

can evaluate the scattering property of a powder mo re clearly 

and therefore are useful in using, producing, selli ng, etc. a 

powder product, particularly in selling, etc. a pow der product 

from which the generation amount of dust is suppres sed. 

 

Reference Signs List 

[0069]1, 10, 11 Apparatus for evaluating a scatteri ng 

property of a powder 

2 Box 

3 Liquid 

4 Dust meter 

5 Container 

6 Supply path 

  



28 

CLAIMS 

 

[1] A method for evaluating a scattering property o f a powder, 

the method comprising dropping a powder to be evalu ated onto 

a liquid placed in a box, thereby scattering the po wder as dust 

in the box, and measuring a dust concentration in a ir in the 

box with a dust meter. 

[2] The method for evaluating a scattering property  of a 

powder according to claim 1, wherein the box compri ses a hole 

portion, to be an inlet of the powder into the box,  at a position 

above a level of the liquid to be placed in the box . 

[3] The method for evaluating a scattering property  of a 

powder according to claim 2, wherein 

 the box comprises: 

 a box main body whose upper portion is open; and 

 a lid that covers the upper portion of the box mai n body, 

and 

 the lid comprises the hole portion. 

[4] The method for evaluating a scattering property  of a 

powder according to claim 2 or 3, wherein the powde r is dropped 

onto the liquid using a supply path that introduces  the powder 

from the hole portion to the liquid. 

[5] The method for evaluating a scattering property  of a 

powder according to claim 4, wherein the supply pat h is inclined, 

on a side of a supply portion that supplies the pow der to the 

liquid, relative to the level of the liquid, and co mprises an 

inclination portion that slides the powder down tow ard the 

liquid. 

[6] The method for evaluating a scattering property  of a 

powder according to claim 5, wherein the supply por tion in the 

supply path is provided at a predetermined height a part from 

the level of the liquid. 

[7] The method for evaluating a scattering property  of a 

powder according to any one of claims 1 to 6, where in the liquid 

is put in a container whose upper portion is open, the container 

with the liquid being put therein is accommodated i n the box, 
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and the liquid is thereby placed in the box. 

[8] The method for evaluating a scattering property  of a 

powder according to any one of claims 1 to 7, where in the powder 

is a dental powder product. 

[9] An apparatus for evaluating a scattering proper ty of a 

powder, the apparatus comprising: 

 a box in which a liquid is to be placed; and 

 a dust meter that measures a dust concentration in  air 

in the box when a powder to be evaluated drops onto  a liquid 

placed in the box and scatters as dust. 

[10] The apparatus for evaluating a scattering prop erty of a 

powder according to claim 9, wherein the box compri ses a hole 

portion, to be an inlet of the powder into the box,  at a position 

above a level of the liquid to be placed in the box . 

[11] The apparatus for evaluating a scattering prop erty of a 

powder according to claim 10, wherein 

 the box comprises: 

 a box main body whose upper portion is open; and 

 a lid that covers the upper portion of the box mai n body, 

and 

 the lid comprises the hole portion. 

[12] The apparatus for evaluating a scattering prop erty of a 

powder according to claim 10 or 11, further compris ing a supply 

path that introduces the powder from the hole porti on to the 

liquid. 

[13] The apparatus for evaluating a scattering prop erty of a 

powder according to claim 12, wherein the supply pa th is 

inclined, on a side of a supply portion that suppli es the powder 

to the liquid, relative to the level of the liquid,  and comprises 

an inclination portion that slides the powder down toward the 

liquid. 

[14] The apparatus for evaluating a scattering prop erty of a 

powder according to claim 13, wherein the supply po rtion in the 

supply path is provided at a predetermined height a part from 

the level of the liquid. 

[15] The apparatus for evaluating a scattering prop erty of a 
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powder according to any one of claims 9 to 14, furt her comprising 

a container whose upper portion is open, wherein th e container 

is to be accommodated in the box, and the liquid is  to be put 

in the container. 

[16] The apparatus for evaluating a scatting proper ty of a 

powder according to any one of claims 9 to 15, wher ein the powder 

is a dental powder product. 

  




