
1 

 

DESCRIPTION 

CRUMB, METHOD OF MANUFACTURING CRUMB, AND METHOD OF 

MANUFACTURING BALE 

 

TECHNICAL FIELD 

[0001] 

The present invention relates to a crumb containing 

rubber, a method of manufacturing a crumb, and a method of 

manufacturing a bale. 

 

BACKGROUND OF THE INVENTION 

[0002] 

Conventionally, a steam stripping method has been 

known as a method of manufacturing crumbs (see, for 

example, Patent Document 1). 

 

[0003] 

Specifically, after a rubber solution and a 

pressurized steam are supplied into hot water, a solvent 

contained in the rubber solution is removed.  That is, when 

the solvent is removed from the rubber solution, a hot 

water slurry in which crumbs are dispersed can be formed.  

Next, when hot water is removed from the hot water slurry 

using a screen, crumbs can be formed.  The crumbs are then 

dehydrated, dried and then molded into a bale. 

[0004] 

Here, from the viewpoint of saving energy, it is 

desirable to reduce the amount of pressurized steam that is 

used, that is, to reduce a ratio of the amount of 

pressurized steam supplied to the amount of a rubber 

solution supplied. 

 

RELATED-ART DOCUMENT 
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Patent Documents 

[0005] 

Patent document 1: Japanese Unexamined Patent 

Publication No. 2002-241425 

 

SUMMARY OF THE INVENTION 

Problems to be Solved by the Invention 

[0006] 

However, with the conventional methods, the volatile 

content of crumbs increases when a ratio of a supply amount 

of a pressurized steam to a supply amount of a rubber 

solution is reduced.  Due to this reason, the crumbs with 

increased volatile content adheres to a screen and leads to 

clogging of the screen.  In addition, the crumbs with 

increased volatile content adhere to each other, and the 

volatile content of a bale increases. 

[0007] 

One aspect of the present invention is to provide 

crumbs capable of suppressing the clogging of a screen and 

capable of reducing the volatile content of a bale, even 

when the ratio of a supply amount of pressurized steam to a 

supply amount of a rubber solution is reduced.  

 

Means for Solving the Problems 

[0008] 

One aspect of the present invention relates to a 

crumb including rubber, wherein the volatile content of the 

crumb is 5 to 50% by mass, and a ratio of a surface area of 

the crumb to a volume of the crumb is 0.04 mm-1 or more.  

[0009] 

Another aspect of the present invention relates to a 

method of manufacturing crumbs including a step of 

supplying a rubber solution and pressurized steam into hot 

water flowing in a predetermined direction and bringing the 

rubber solution and the pressurized steam into contact with 

each other, wherein when A represents a supply amount per 
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unit time of the pressurized steam [kg/h] and B represents 

a supply amount per unit time [t/h] of the rubber solution, 

a relation of A and B satisfies the following: 

A/B ≤ 250, and  

the hot water contains 3 to 35 ppm of a dispersant. 

[0010] 

An aspect of the present invention is preferably 

characterized by that the hot water of the above flows in a 

horizontal direction; the rubber solution of the above is 

supplied to the hot water in the orthogonal direction or 

acute direction with respect to the flow direction of the 

hot water; and the pressurized steam of the above is 

supplied into a horizontal direction.  

[0011] 

Another aspect of the present invention includes a 

method of manufacturing a bale having a step of 

manufacturing crumbs by applying the above method of 

manufacturing the crumbs.  

 

EFFECT OF THE INVENTION 

[0012] 

One aspect of the present invention provides crumbs 

capable of suppressing a generation of clogging of a screen 

and capable of reducing a volatile content of a bale, even 

when a ratio of a supply amount of a pressurized steam to a 

supply amount of a rubber solution is reduced.  

 

BRIEF DESCRIPTION OF THE DRAWINGS  

[0013] 

[FIG.1] FIG. 1 is a schematic diagram showing an example of 

a crumb according to the present embodiment. 

[FIG.2] FIG. 2 is a schematic diagram showing an example of 

an apparatus for manufacturing a crumb used when 

manufacturing the crumb of FIG. 1. 

[FIG.3A] FIG. 3A is a schematic side view showing an 

example of the nozzle of FIG. 2. 
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[FIG.3B] FIG. 3B is a schematic back view showing an 

example of the nozzle of FIG. 2. 

 

DETAILED DESCRIPTION 

[0014] 

Hereinafter, the embodiments for carrying out the 

present invention will be described. 

[0015] 

<Crumb> 

FIG. 1 shows an example of crumb according to the 

present embodiment. 

[0016] 

The crumb C contains rubber and has voids V formed 

therein. 

[0017] 

The volatile content of the crumb C is 5 to 50% by 

mass, and preferably 25 to 45% by mass.  When the volatile 

content of the crumb C is less than 5% by mass, the crumb C 

deteriorates when the crumb C is dehydrated or when the 

dehydrated crumb C is dried.  When the volatile content of 

the crumb C exceeds 50% by mass, clogging of a screen is 

generated, and the volatile content of a bale increases.  

[0018] 

The ratio of the surface area to the volume of crumb 

C is 0.04 mm-1 or more and preferably 0.05 mm-1 or more.  

When the ratio of the surface area to the volume of crumb C 

is less than 0.04 mm-1, the volatile content of a bale 

increases. 

[0019] 

The upper limit of the ratio of the surface area to 

the volume of crumb C is not particularly limited, but is 

preferably 0.20 mm-1 or less.  When the ratio of the surface 

area to the volume of crumb C is 0.20 mm−1 or less, the 

toughness of crumb C is improved and the shape of crumb C 

is easily maintained during the transportation of crumb C. 

[0020] 
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Here, the surface area of crumb C is the sum of the 

surface area of the voids V and the outer surface area of 

the crumb C. 

[0021] 

The rubber is not particularly limited.  Examples of 

rubber include acrylic rubber, isoprene rubber, 

styrene/butadiene rubber (SBR), low cis butadiene rubber, 

high cis butadiene rubber, high trans butadiene rubber, 

styrene/isoprene rubber, butadiene/isoprene rubber, 

styrene/isoprene/butadiene rubber, ethylene/propylene/diene 

rubber, styrene/acrylonitrile/butadiene rubber, 

acrylonitrile/butadiene rubber, polyisoprene/SBR block 

copolymer, polystyrene/polybutadiene/polystyrene triblock 

copolymer, epichlorohydrin rubber, fluororubber, silicone 

rubber, ethylene/propylene rubber, urethane rubber, and the 

like. 

[0022] 

The rubber may have its terminal or molecular chain 

modified with at least one modifying group such as an amino 

group, a hydroxyl group, an alkoxysilyl group, a silanol 

group, and the like. 

[0023] 

<Method of manufacturing crumb> 

A method of manufacturing a crumb C using the 

apparatus for manufacturing crumb 100 (see FIG. 2) will be 

described. 

[0024] 

First, a conventional solution polymerization method 

may be used to polymerize monomers serving as constituent 

units of rubber to prepare a rubber solution R. 

[0025] 

Next, the rubber solution R is transferred to the 

rubber solution tank 110.  Here, the viscosity may be 

adjusted by adding a solvent to the rubber solution R 

before the solution is transferred to the rubber solution 

tank 110.  Further, the rubber solution R transferred to 
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the rubber solution tank 110 is agitated by the stirrer 111 

placed in the rubber solution tank 110, as needed. 

[0026] 

Next, the rubber solution R, pressurized steam S1, 

and hot water W are supplied to the nozzle 121 provided on 

the side of the desolvation tank 120.  At this time, the 

rubber solution R is supplied from the bottom of the rubber 

solution tank 110 by the pump 112. 

[0027] 

An example of the nozzle 121 is shown in Figs. 3A and 

3B.  Figs. 3A and 3B are a side view and a rear view, 

respectively. 

[0028] 

The nozzle 121 has a hot water supply unit 121a on 

the bottom, has a pressurized steam supply unit 121b on the 

side, and has a rubber solution supply unit 121c on the 

top. 

[0029] 

Hot water W is supplied from the hot water supply 

unit 121a to the inside of the nozzle 121 in the vertical 

direction (upward in the drawing) and then flows in the 

horizontal direction (rightward in the drawing). 

[0030] 

In the present specification and claims, the 

horizontal direction is defined as a range of ±10° from the 

horizontal direction. 

[0031] 

Pressurized steam S1 is supplied from the pressurized 

steam supply unit 121b to the hot water W flowing in the 

horizontal direction inside the nozzle 121 with respect to 

the flow direction of hot water W (rightward in the 

drawing).  As a result, the moving speed of the generated 

crumbs C increases, and the crumbs C are less likely to 

collide with each other.  As a result, agglomeration of the 

crumbs C can be suppressed. 

[0032] 
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The rubber solution R is supplied from the rubber 

solution supply unit 121c into the hot water W flowing in 

the horizontal direction inside the nozzle 121 with respect 

to the direction perpendicular to the flowing direction of 

the hot water W (downward in the figure).  As a result, the 

rubber solution R and the pressurized steam S1 are brought 

into contact with each other in the hot water W flowing in 

the horizontal direction to form a crumb C, and a slurry, 

in which the crumb C is dispersed, is generated. 

[0033] 

In addition, the flow direction of the hot water W, 

the directions in which the pressurized steam S1 and the 

rubber solution R are supplied are not particularly 

limited, as long as the rubber solution R and the 

pressurized steam S1 are able to brought into contact each 

other in the hot water W flowing. 

[0034] 

For example, the pressurized steam S1 may be supplied 

in a direction of acute angle with respect to the direction 

of hot water W flowing. 

[0035] 

Further, the rubber solution R may be supplied in a 

direction of acute angle with respect to the direction of 

hot water W flowing.  Thereby, the moving speed of the 

generated crumbs C are further increased, and the crumbs C 

are less likely to collide with each other.  As a result, 

agglomeration of the crumbs C can be further suppressed. 

[0036] 

From the viewpoint of saving energy, when A 

represents a supply amount per unit time of the pressurized 

steam S1 [kg/h] and B represents a supply amount per unit 

time of the rubber solution R [t/h], the relation of A and 

B satisfies the following: 

 A/B ≤ 250,  

and preferably satisfies the following: 

A/B ≤ 220. 
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[0037] 

The lower limit of the ratio A/B is not particularly 

limited, but is preferably 120 kg/t or more. 

[0038] 

Here, A is the mass per unit time of the pressurized 

steam S1 supplied into the hot water W flowing in the 

horizontal direction inside the nozzle 121.  Further, B is 

the volume per unit time of the rubber solution R supplied 

into the hot water W flowing in the horizontal direction 

inside the nozzle 121. 

[0039] 

B is not particularly limited, but is preferably 10 

to 100 t/h. 

[0040] 

The temperature of the pressurized steam S1 is not 

particularly limited, but is preferably 190 to 230°C. 

[0041] 

The pressure of the pressurized steam S1 is not 

particularly limited, but is preferably 0.6 to 3 MPa. 

[0042] 

The hot water W contains 3 to 35 ppm of dispersant, 

and preferably contains 10 to 30 ppm.  When the content of 

the dispersant in the hot water W is less than 3 ppm, a 

particle size of crumb C becomes large.  Due to this 

reason, the crumb C having an increased volatile content 

adheres to a screen, resulting in a generation of clogging 

of the screen.  In addition, the crumb with increased 

volatile content adhere to each other, and the volatile 

content of the bale increases.  On the other hand, when the 

content of the dispersant in the hot water W exceeds 35 

ppm, the particle size of crumb C decreases.  Therefore, 

when the ratio of the supply amount of the pressurized 

steam to the supply amount of the rubber solution is 

reduced, the crumb C having an increased volatile content 

adhere to a screen and clogging of a screen is generated.  

In addition, the crumb with increased volatile content 
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adhere to each other, and the volatile content of the bale 

increases.  

[0043] 

The temperature of the hot water W is not 

particularly limited, but is preferably 70 to 120°C. 

[0044] 

Here, when the hot water W contains a dispersant 

having a cloud point, the temperature of the hot water W is 

preferably equal to or higher than the cloud point of the 

dispersant. 

[0045] 

As a dispersant, a nonionic surfactant, an anionic 

surfactant, a cationic surfactant, an amphoteric surfactant 

or the like can be used. 

[0046] 

Examples of the nonionic surfactant include block 

copolymers of two or more kinds of alkylene oxides such as 

oxyethyleneoxypropylene block copolymers; polyoxyalkylene 

ether compounds such as polyoxyethylene lauryl ether, 

polyoxyethylene cetyl ether, polyoxyethylene stearyl ether, 

polyoxyethylene oleyl ether, polyoxyethylene octylphenyl 

ether, and polyoxyethylene nonylphenyl ether is formed by 

polyadding alkylene oxide to higher alcohols having 5 to 50 

carbon atoms such as lauryl alcohol, cetyl alcohol, stearyl 

alcohol, oleyl alcohol, and the like, to alkylphenols such 

as octylphenol, isooctylphenol, nonylphenol, and the like, 

and to alkylnaphthols such as butylnaphthol, octylnaphthol, 

and the like; polyoxyalkylene glycol fatty acid ester 

compounds such as polyoxyethylene glycol monolaurate, 

polyoxyethylene glycol monopalmitate, polyethylene glycol 

monostearate, polyethylene glycol distearate, polyethylene 

glycol monooleate, and the like formed by polyadding 

alkylene oxide to higher fatty acids having 5 to 50 carbon 

atoms such as lauric acid, palmitic acid, stearic acid, 

oleic acid, and the like; polyhydric alcohol fatty acid 

ester compounds such as glyceryl monostearate, glyceryl 
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monooleate, sorbitan monolaurate, sorbitan monopalmitate, 

sorbitan monostearate, sorbitan distearate, sorbitan 

tristearate, sorbitan monooleate, sorbitan dioleate, 

mannitan monolaurate, mannitan monostearate, mannitan 

distearate, mannitan monooleate, hexitan monolaurate, 

hexitan monopalmitate, hexitan monostearate, hexitan 

distearate, hexitan tristearate, hexitan monooleate, 

hexitan dioleate, and the like, that are esters of a 

polyhydric alcohol having 3 or more hydroxyl groups in the 

molecules such as glycerin, pentaerythritol, sorbitan, 

mannitan, hexitan, and polycondensates thereof with higher 

fatty acids having 5 to 50 carbon atoms; polyoxyalkylene 

polyhydric alcohol fatty acid ester compounds such as 

polyoxyethylene sorbitan monolaurate, polyoxyethylene 

sorbitan monostearate, polyoxyethylene sorbitan distearate, 

polyoxyethylene sorbitan monooleate, polyoxyethylene 

mannitan monopalmitate, polyoxyethylene mannitan 

monostearate, polyoxyethylene mannitan monooleate, 

polyoxyethylene hexitan monolaurate, polyoxyethylene 

hexitan monostearate, and the like formed by polyadding 

alkylene oxide to the polyhydric alcohol fatty acid ester 

compounds; polyoxyalkylene alkylamine compounds such as 

polyoxyethylene stearylamine, polyoxyethylene oleylamine, 

and the like; and alkylalkanolamide compounds. 

[0047] 

Among these, polyoxyalkylene compounds such as block 

copolymers of two or more kinds of alkylene oxides, 

polyoxyalkylene ether compounds, polyoxyalkylene glycol 

fatty acid ester compounds, polyoxyalkylene polyhydric 

alcohol fatty acid ester compounds, and polyoxyalkylene 

alkylamine compounds are preferably used; and 

oxyethyleneoxypropylene block copolymer, polyoxyethylene 

lauryl ether, polyoxyethylene stearyl ether, 

polyoxyethylene nonylphenyl ether, polyethylene glycol 

monostearate, polyoxyethylene sorbitan monostearate, and 
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polyoxyethylene stearylamine are particularly preferably 

used. 

[0048] 

Examples of the anionic surfactant include 

carboxylates such as aliphatic monocarboxylate, 

polyoxyethylene alkylether carboxylate, N-acyl sarcosine 

salt, N-acyl glutamate, and the like; sulfonates such as 

dialkyl sulfosuccinate, alkyl sulfonate, α-olefin 

sulfonate, linear alkyl benzene sulfonate, branched alkyl 

benzene sulfonates, naphthalene sulfonate-formaldehyde 

condensate, alkyl naphthalene sulfonate, N-methyl-N-acyl 

taurate, and the like; sulfates such as alkyl sulfate, 

polyoxyalkyl ether sulfate, fat and oil sulfate, and the 

like; phosphates such as alkyl phosphate, polyoxyethylene 

alkyl ether phosphate, polyoxyethylene alkylphenylether 

phosphate, and the like. 

[0049] 

Examples of the cationic surfactant include 

monoalkylamine salt, dialkylamine salt, trialkylamine salt, 

alkyltrimethylammonium chloride, alkyltrimethylammonium 

bromide, alkyltrimethylammonium iodide, 

dialkyldimethylammonium chloride salt, 

dialkyldimethylammnonium bromide salt, 

dialkyldimethylammonium iodide salt, alkylbenzalkonium 

chloride, and the like.  

[0050] 

Examples of the amphoteric surfactant include 

alkyldimethylamino acetic acid betaine, alkyldimethyl 

acetic acid betaine, alkyldimethyl carboxymethyl betaine, 

alkyldimethyl carboxymethylene ammonium betaine, 

alkyldimethyl ammonioacetate, fatty acid amidepropyl 

dimethylamino acid betaine, alkyloylamidepropyl 

dimethylglycine, alkyloylamidopropyldimethyl 

ammonioacetate, 2-alkyl-1-(2-hydroxyethyl) imidazolinium-1-

acetate, alkyldiaminoethylglycine, 
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dialkyldiaminoethylglycine, alkyldimethylamineoxide, and 

the like. 

[0051] 

A dispersant may be used alone or in combination of 

two or more types. 

[0052] 

The content of the rubber in the rubber solution R is 

not particularly limited, but is preferably 10 to 50% by 

mass. 

[0053] 

Next, the slurry in which the crumb C is dispersed, 

which is generated in the nozzle 121, is transferred to the 

desolvation tank 120.  At this time, the steam S2 is 

supplied vertically (upward in the drawing) from the bottom 

of the desolvation tank 120, while stirring the slurry 

transferred to the desolvation tank 120 using the stirrer 

122.  Then, the slurry is desolvated by a steam stripping 

method.  As a result, a part of the volatile organic 

compounds (solvents, unreacted monomers, etc.) contained in 

the slurry, in which the crumb C is dispersed, evaporates. 

[0054] 

Here, the volatile organic compound that has 

evaporated by desolvation is condensed in the condenser 

124, and then the solvent is recovered and reused as 

needed.  

[0055] 

The temperature of steam S2 is not particularly 

limited, but is preferably 100 to 190°C. 

[0056] 

The pressure of steam S2 is not particularly limited, 

but is preferably 0.1 to 1 MPa. 

[0057] 

Next, the desolvated slurry is transferred from the 

bottom of the desolvation tank 120 to the bottom of the 

desolvation tank 130 by the pump 112.  At this time, the 

steam S2 is supplied vertically (upward in the figure) from 
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the bottom of the desolvation tank 130, while stirring the 

slurry transferred to the desolvation tank 130 using the 

stirrer 131.  The slurry is then desolvated by a steam 

stripping method.  As a result, the rest of the volatile 

organic compounds contained in the slurry, in which the 

crumbs C are dispersed, evaporates, and a hot water slurry 

in which the crumb C is dispersed is generated. 

[0058] 

Here, the volatile organic compound that has 

evaporated by desolvation is condensed in the condenser 

133, and then the solvent is recovered and reused as 

needed.  

[0059] 

Note that the number of desolvation tanks is not 

limited to two.  The number of desolvation tanks can be 

appropriately changed to a number that can sufficiently 

remove the volatile organic compounds contained in the 

slurry in which the crumb C is dispersed. 

[0060] 

Next, the hot water slurry is transferred from the 

bottom of the desolvation tank 130 to the screen 140 by the 

pump 132, and the hot water slurry is separated into serum 

water (hot water) and crumbs C.  As a result, the serum 

water is collected in the serum water tank 150 and the 

crumbs C are collected in the crumb tank 160. 

[0061] 

Here, the serum water collected in the serum water 

tank 150 is transferred from the bottom of the serum water 

tank 150 using the pump 151 as needed.  Then, the serum 

water is mixed with the hot water W and reused. 

[0062] 

The inclination angle of the screen 140 is not 

particularly limited, but is preferably 30 to 75°. 

[0063] 

Further, the crumb C collected in the crumb tank 160 

is stirred by a stirrer 161 as needed.  Then, the crumb C 
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is transferred from the side of the crumb tank 160 by the 

pump 162, and the crumb C is used for manufacturing a bale. 

[0064] 

<Method of manufacturing bale> 

A bale includes rubber and can be produced by a known 

method using the crumbs C produced by the method of 

manufacturing crumbs of the present embodiment. 

[0065] 

For example, the crumbs C are dehydrated, dried, and 

then molded using a mold having a predetermined shape to 

produce a bale. 

[0066] 

Here, the crumb C may be crushed and then dehydrated. 

[0067] 

As a dehydrator for dehydrating the crumb C, for 

example, a screw press type dehydrator or the like can be 

used. 

[0068] 

As a dryer for drying the dehydrated crumb C, for 

example, an expansion type extrusion dryer, a vibration 

dryer or the like can be used. 

[0069] 

As a molding machine for molding the dried crumb C, a 

known molding machine can be used. 

 

EXAMPLES 

[0070] 

Examples of the present invention will be described 

below, but the present invention is not limited to the 

described examples.  In addition, "part" and "%" are based 

on mass unless otherwise specified. 

[0071] 

The crumbs and the bales produced by the method 

described below were evaluated by the following. 

[0072] 

[Median diameter D50] 
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The crumbs that were collected on the screen placed 

in front of the crumb tank were classified using sieves 

with mesh sizes of 16 mm, 8 mm, 4.75 mm, 3.35 mm, 2.36 mm, 

1.7 mm, 1.4 mm, and 0.71 mm in according with JIS Z8801.  

The median diameter D50 on mass bases of the crumbs were 

calculated.  

[0073] 

[Ratio of surface area to volume] 

A three-dimensional image of the crumbs collected by 

the screen provided in front of the crumb tank was 

photographed by a three-dimensional X-ray CT apparatus 

TDM1000-IS (manufactured by Yamato Scientific Co., Ltd.) 

under the following conditions. 

[0074] 

Target: W 

Tube voltage: 35kV 

Tube current: 70 μA 

Shooting condition: 360° rotation 

Next, the surface area of voids (the inner surface 

area of the crumb), the outer surface area of the crumb, 

and the volume of the crumb was calculated from the three-

dimensional images of the crumb obtained by binarizing into 

the structure and the space. 

[0075] 

Finally, the ratio of surface area to the volume of 

crumb was calculated by the following formula: 

[(surface area of voids) + (outer surface area of 

crumb)] / (volume of crumb). 

[0076] 

[Amount of residual solvent] 

The amount of residual solvent in the crumbs or bales 

was measured by headspace gas chromatography in accordance 

with ASTM D1416 Standard Test Methods for Rubber from 

Synthetic Sources-Chemical Analysis.  Specifically, after a 

sample was put in a vial, the sample was kept at 160°C for 

30 minutes to quantify the amount of the solvent in the 
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volatile content to determine the amount of the residual 

solvent.  An FID detector was used as the detector. 

[0077] 

[Volatile content] 

The volatile content of crumbs or bales was measured 

in accordance with the method A described in JIS H6238-2, 

Raw material rubber-Method of determining volatile content 

(quantitative amount) - Part 2 The automatic infrared dry 

thermogravimetric method. 

[0078] 

[Clogging of screen] 

The clogging of the screen, which was placed in front 

of the crumb tank, was visually evaluated. 

[0079] 

[Preparation of butadiene rubber solution] 

18.8t of a mixed solvent of cyclohexane and butane in 

a mass ratio of 70:30 and 2.5t of 1,3-butadiene were 

charged into a reaction vessel equipped with a jacket of 

approximately 47 m3, a cooler, and a stirrer.  Then, the 

mixture was stirred and mixed.  Next, 30 mol of n-

butyllithium was added while stirring the mixed solution in 

the reaction vessel, and then a polymerization was started 

at 50°C.  Here, 1,3-butadiene used is the one obtained by 

removing 4-t-butylcatechol (TBC) as a polymerization 

inhibitor.  After 40 minutes from the start of the 

polymerization, 2.5t of 1,3-butadiene was continuously 

added over 30 minutes when the temperature of the mixed 

solution reached 80°C.  Next, when the polymerization 

conversion rate exceeded 99%, 3 mol of tin tetrachloride 

was added and stirred for 5 minutes, then 16 mol of N-

phenyl-2-pyrrolidone was added and reacted for 5 minutes to 

obtain a polymerization solution.  

[0080] 

The polymerization solution was transferred from the 

reaction vessel to the rubber solution tank 110 of the 

apparatus for manufacturing crumb 100 (see FIG. 2).  Here, 
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30 mol of methanol was added to stop the polymerization 

while transferring the polymerization solution, and then 

0.3 phr of Irganox 1520L (manufactured by BASF) as a 

stabilizer was added to obtain a butadiene rubber solution 

as a rubber solution R.  The content of a butadiene rubber 

in the rubber solution R was 21% by mass. 

[0081] 

After the rubber solution R was transferred to the 

rubber solution tank 110, the rubber solution R was stirred 

using the stirrer 111 and stored in a homogenized state. 

[0082] 

Here, a small amount of the rubber solution R was 

sampled, solidified, and then vacuum dried to obtain a 

butadiene rubber.  The 1,2-bonding amount of the butadiene 

rubber was 9% when measured by FT-IR (solution method).  

The Mooney viscosity ML1+4 (100°C) of the butadiene rubber 

was measured and the viscosity thereof was 50. 

[0083] 

[Examples 1 to 4, Comparative Examples 1 to 3] 

(Production of crumbs) 

Crumbs were produced using the apparatus for 

manufacturing crumb 100 (see FIG. 2). 

[0084] 

First, the pressurized steam S1, the rubber solution 

R, and hot water W at 80°C were supplied to the nozzle 121 

of the desolvation tank 120.  Specifically, both of the 

rubber solution R and the pressurized steam S1 at 1.09 MPa 

and 190°C were supplied in the vertical direction and the 

horizontal direction, respectively, into the hot water W 

flowing in the horizontal direction.  Then, the rubber 

solution R and the pressurized steam S1 were brought into 

contact to obtain a slurry in which crumb C was dispersed 

(see FIGS. 3A and 3B).  Here, the supply amount A of a 

pressurized steam S1 per unit time [kg/h], the supply 

amount B of a rubber solution R per unit time [t/h], and 

the supply amount of hot water W per unit time [t/h], the 
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content of a dispersant in hot water W [ppm] were set to 

the values described in production conditions of crumbs 

(see Table 1).  As the dispersant, a polyoxyethylene-

polyoxypropylene condensate having a cloud point of 58°C 

was used.  

[0085] 

Next, after transferring the slurry in which the 

crumb C was dispersed to the desolvation tank 120, the 

steam S2 at 0.3 MPa and 180°C was supplied, and a part of 

the solvent was evaporated by a steam stripping method.  

[0086] 

Next, after transferring the slurry in which a part 

of the solvent is evaporated to the desolvation tank 130, 

the steam S2 at 0.3 MPa and 180°C was supplied.  The 

remaining part of the solvent was evaporated by a steam 

stripping method to produce a hot water slurry in which the 

crumb C was dispersed. 

[0087] 

Next, the hot water slurry in which the crumb C was 

dispersed was separated using a plain weave screen 140 with 

an opening of 0.5 mm provided at an inclination angle of 

60°.  As a result, the serum water was collected in the 

serum water tank 150, and the crumb C was collected in the 

crumb tank 160. 

[0088] 

(Production of bales) 

The crumb C collected in the crumb tank 160 was 

transferred to a plain weave vibrating screen with an 

opening of 0.5 mm provided at an inclination angle of 0°.  

Then, the crumb C was crushed and then dehydrated by a 

screw press type dehydrator. 

[0089] 

Next, the dehydrated crumb C was extruded at 70 rpm 

and dried using an expansion type extruder having an inner 

diameter of 14 inches.  Here, a die having 60 round-shaped 

nozzles having a diameter of 9 mm was provided at the 



19 

 

outlet of the expansion type extrusion dryer, and the 

extruded crumb C was cut by a cutter rotating at 400 rpm. 

[0090] 

Next, the shredded crumb C was dried by a vibration 

dryer.  At this time, the residence time in the vibration 

dryer was adjusted to be about 5 minutes.  The vibration 

dryer was divided into seven sections, and the temperatures 

of the seven sections were set to 80°C, 100°C, 100°C, 

100°C, 90°C, 80°C, and 40°C in the order in which the 

shredded crumb C was conveyed. 

[0091] 

Next, the dried crumb C was molded into a bale using 

a rectangular parallelepiped mold. 

[0092] 

Table 1 shows the evaluation results of the 

properties of crumbs C, the production conditions of the 

crumbs C, and the properties of the bales. 
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[0093] 
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From Table 1, Examples 1 to 4 showed that clogging of 

the screen 140 was suppressed, and the volatile contents of 

the bales were decreased when the ratio A/B was lowered to 

143 to 243 kg/t. 

[0094] 

In contrast, Comparative Example 1 showed that the 

ratio A/B was 429 kg/t, in which the ratio was not lowered.  

The ratio of the surface area to the volume of the crumb 

was 0.012 mm-1 and the volatile content was 55.6% by mass, 

because the dispersant was not added to the hot water W.  

As a result, the clogging of the screen 140 was generated, 

and the volatile content of the bale increased.  

[0095] 

Comparative Example 2 showed that the ratio A/B was 

329 kg/t, in which the ratio was not lowered.  The ratio of 

the surface area to the volume of the crumb was 0.039 mm-1 

and the volatile content was 51.0% by mass, because the 

dispersant was not added to the hot water W.  As a result, 

the clogging of the screen 140 was generated, and the 

volatile content of the bale increased.  

[0096] 

Comparative Example 3 showed that the ratio A/B was 

lowered to 243, but the content of the dispersant in the 

hot water W was 50 ppm.  Accordingly, the ratio of the 

surface area to the volume of crumb was 0.036 mm-1, and the 

volatile content was 60.5% by mass.  As a result, the 

clogging of the screen 140 was generated and the volatile 

content of the bale increased. 

[0097] 

Although the embodiments of the present invention 

have been described above by way of examples, the present 

invention is not limited to specific embodiments and 

examples, and various modifications and alterations may be 

made within the scope of the invention described in the 

claims.   

[0098] 
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 This international application is based on and claims 

priority of Japanese Patent Application No. 2018-062949 

filed March 28, 2018, the entire contents of which are 

hereby incorporated by reference.   

 

DESCRIPTION OF THE REFERENCE NUMERALS 

[0099] 

100:  Apparatus for manufacturing crumb 

110:  Rubber solution tank 

111, 122, 131, 161:  Stirrers 

112, 123, 132, 151, 162:  Pumps 

120, 130:  Desolvation tanks 

121:  Nozzle 

121a:  Hot water supply unit 

121b:  Pressurized steam supply unit 

121c:  Rubber solution supply unit 

124, 133:  Condensers 

140:  Screen 

150:  Serum water tank 

160:  Crumb tank 

C:  Crumb 

V:  Void 

R:  Rubber solution 

S1:  Pressurized steam 

S2:  Steam 

W:  Hot water 
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CLAIMS 

1. A crumb comprising: 

rubber; 

wherein a volatile content of the crumb is 5 to 50% 

by mass, and a ratio of a surface area of the crumb to a 

volume of the crumb is 0.04 mm-1 or more.  

 

2. A method of manufacturing crumbs comprising:  

supplying a rubber solution and a pressurized steam 

into hot water flowing in a predetermined direction and 

bringing the rubber solution and the pressurized steam into 

contact with each other, 

 wherein when A represents a supply amount per unit 

time [kg/h] of the pressurized steam and B represents a 

supply amount per unit time [t/h] of the rubber solution, a 

relation of A and B satisfies the following: 

 A/B ≤ 250, and 

the hot water contains 3 to 35 ppm of a dispersant. 

 

3. The method of manufacturing crumbs according to claim 

2, wherein 

flowing the hot water in a horizontal direction; 

supplying the rubber solution in the orthogonal 

direction or acute direction with respect to the flow 

direction of the hot water; and 

 supplying the pressurized steam into the flow 

direction of the hot water. 

 

4. A method of manufacturing a bale comprising, 

manufacturing the crumbs by applying the method of 

manufacturing the crumbs of claim 2 or 3.  

  


