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(54) METHOD FOR PREVENTING ADHESION AND CLOGGING OF MINERAL RAW MATERIAL

(57) Provided is a method for easily preventing ad-
hesion and clogging of a moist mineral raw material such
as coal, iron ores, dust, coke, or lime stone in transfer
facilities such as pipes. A method for preventing adhesion
and clogging of a mineral raw material, comprising a step
of sprinkling a super absorbent resin to the moist mineral

raw material before or in the course of transfer by means
of conveyor belts to provide a raw material mixture,
wherein the raw material mixture is transferred in transfer
facilities to prevent adhesion and clogging of the mineral
raw material in the transfer facilities.
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Description

Technical Field

[0001] The present invention relates to a method for preventing adhesion and clogging of moist mineral raw materials
in transfer facilities.

Background Art

[0002] When a steelmaking raw material is transported by a bulk carrier to a steelworks, water accumulated on the
floor of the hold causes the steelmaking raw material at the bottom of stacked materials to turn into a slurry state. Also
when the raw material is piled outdoors and stored in a raw material yard, water such as rain and sprinkled water for
preventing dust may cause the raw material to turn into a slurry state.
[0003] Mineral raw material slurries, such as steelmaking raw materials that have turned into such a slurry state, are
muddy fluids containing much moisture. Thus, there has been a problem in that it is difficult to convey the slurries out
from the hold or the raw material yard.
[0004] Against such a problem, the present inventor has suggested a conveying method that saves time and labor for
draining and improves handling by bringing a polymer absorber into contact with a steelmaking raw material slurry to
solidify the steelmaking raw material slurry to thereby provide a solidified body (see Patent Literature 1).
[0005] Meanwhile, mineral raw materials that have been conveyed to a steelworks, a thermal power station, or the
like and stacked outdoors in a raw material yard are further transferred from the raw material yard to the facility where
the mineral raw materials are used, by changing conveyor belts. For example, when coal is supplied to a boiler in a
thermal power station, the coal is generally, after changing conveyor belts, transferred through a series of lines, in which
the coal passes through a coal pulverizer and a bucket conveyor, to the boiler.
[0006] The raw material yard and the conveyor belt facility, which are present outdoors, are exposed to rain, and thus
the coal becomes into a wet state. The coal in a moist state, although not becoming into the slurry state described above,
is likely to adhere and further stick to the contact surface of the transfer facilities such as pipes for supplying coal to the
boiler (coal supplying pipes), conveyor belts, chutes, and hoppers to thereby clog the pipes and the like in some cases.
[0007] In the case where such adhesion and clogging occur, it is conventionally necessary to eliminate adhesion and
clogging by halting the operation of the line and removing clogged coal or disassembling the transfer facilities. This leads
to decrease in the transfer efficiency of coal, and moreover, a situation of decrease in the power generation efficiency
in a thermal power station has occurred.

Citation List

Patent Literature

[0008] PTL 1: JP 2013-256710A

Summary of Invention

Technical Problem

[0009] The conveying method described in the above Patent Literature 1 is intended to reduce the fluidity of a steel-
making raw material slurry and facilitate conveyance of the solidified body thereof by conveyor belts or trucks. The
method contemplates no issue of stagnated transfer of a mineral raw material to be caused by adhesion of or sticking
and clogging of the mineral raw material in a moist state to transfer facilities such as pipes.
[0010] In contrast, the present invention has been made to solve a problem in that, when a mineral raw material that
has been wet with rain water or the like and come into a moist state is transferred to an intended facility, the raw material
adheres and sticks to the contact surface of transfer facilities such as pipes or causes clogging in the pipes and the like.
[0011] That is, it is an object of the present invention to provide a method for easily preventing adhesion and clogging
of a moist mineral raw material in transfer facilities such as pipes.

Solution to Problem

[0012] The present invention is based on findings that use of a super absorbent resin improves the slidability of a
moist mineral raw material on the contact surface of pipes and the like to thereby make the raw material to be unlikely
to adhere.
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[0013] That is, the present invention provides the following [1] to [4]:

[1] A method for preventing adhesion and clogging of a mineral raw material, wherein a raw material mixture obtained
by bringing a super absorbent resin into contact with a moist mineral raw material is transferred in a transfer facility
to prevent adhesion and clogging of the mineral raw material in the transfer facility.
[2] The method for preventing adhesion and clogging of a mineral raw material according to [1], wherein the transfer
facility is a pipe, a conveyor belt, a conveyor chain, a chute, a hopper, or a silo.
[3] The method for preventing adhesion and clogging of a mineral raw material according to [1] or [2], comprising a
step of sprinkling the super absorbent resin to the moist mineral raw material before or in the course of transfer by
means of a conveyor belt to obtain the raw material mixture.
[4] The method for preventing adhesion and clogging of a mineral raw material according to any one of [1] to [3],
comprising a step of adding the super absorbent resin in a container containing the moist mineral raw material and
mixing the resin with the raw material under stirring to obtain the raw material mixture.

Advantageous Effects of Invention

[0014] According to the present invention, it is possible to suppress adhesion of a moist mineral raw material to the
contact surface of transfer facilities such as pipes for the mineral raw material and to easily prevent adhesion and clogging
in the transfer facilities.
[0015] Thus, the method of the present invention may contribute to efficient transfer of mineral raw materials.

Description of Embodiments

[0016] Hereinbelow, the method for preventing adhesion and clogging of a mineral raw material of the present invention
will be described.
[0017] "Prevention of adhesion" in the present invention is used in a meaning including not only the case where there
is no adhesion at all, but also the case where, even if the mineral raw material partially adheres, adhesion is suppressed
enough not to impede transfer of the mineral raw material.
[0018] The method for preventing clogging of a mineral raw material of the present invention transfers a raw material
mixture obtained by bringing a super absorbent resin into contact with a moist mineral raw material in transfer facilities
to prevent adhesion and clogging of the mineral raw material in the transfer facilities.
[0019] The surface of the moist mineral raw material is modified by the contact with the super absorbent resin. This
modification suppresses adhesiveness of the mineral raw material to the contact surface of the transfer facilities such
as pipes and improves the slidability to thereby enable prevention of adhesion and clogging of the mineral raw material
in the transfer facilities.

(Mineral raw material)

[0020] The type of the mineral raw material is not particularly limited, and examples thereof include coal, iron ores,
dust, coke, and lime stone. These each may be one single material or may be a mixture of two or more of these.
[0021] The shape, size, and the like of the mineral raw material are not particularly limited. The present invention,
which is a method for preventing clogging, is suitably applied to mineral raw materials in a form that is likely to cause
clogging, for example, materials in a particulate or powder form having a particle size of a particle of 2 mm or less.
[0022] The "moist mineral raw material" used in the present invention refers to a mineral raw material which contains
water, although not in a slurry state, and can be conveyed by a conveyor belt as a solidified body. That is, the moist
mineral raw material is discriminated from slurries that are muddy or liquid fluids, which are difficult to convey by a
conveyor belt and contain much moisture. The contained moisture in the mineral raw material in a moist state depends
on the type and natures of the mineral raw material and cannot be determined unconditionally. In the case of coal, for
example, the material having a moisture content of about 1 to 30% by mass can be said to be in a moist state, and the
material having a moisture content of more than about 30% by mass can be said to be in a slurry state.
[0023] The origin from which the contained moisture in the mineral raw material comes is not particularly limited, and
the contained water may be derived from the raw material per se or may be derived from water such as rain or sprinkled
water for preventing dust with which the material came into contact during conveyance or storage.

(Super absorbent resin)

[0024] A super absorbent resin is "a resin that highly absorbs water and swells, wherein the resin is a hydrophilic
material having a crosslinked structure, absorbs water on contact with water, and has a feature that it hardly dehydrates
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even when pressure is applied thereto, after once absorbing water", as specified in JIS K7223 (1996) and JIS K7224
(1996). That is, the resin has a high amount of water absorption and an excellent water retentivity.
[0025] The type of the super absorbent resin may be either of synthetic resin-based or natural product-based and is
not particularly limited. Examples of the resin include poly(meth)acrylic acid, poly(meth)acrylates, poly(meth)acrylic acid
esters, poly(meth)acrylamides, polyalkyleneimines, polyoxyalkylenes, polymaleic acid, and copolymers containing any
of monomers constituting these. In the present invention, "(meth)acryl" means acryl or methacryl.
[0026] Examples of monomers constituting the poly(meth)acrylates include sodium (meth)acrylate, potassium
(meth)acrylate, and ammonium (meth)acrylate.
[0027] Examples of monomers constituting the poly(meth)acrylic acid esters include methyl (meth)acrylate, ethyl
(meth)acrylate, n-propyl (meth)acrylate, n-butyl (meth)acrylate, isobutyl (meth)acrylate, hydroxyethyl (meth)acrylate,
and 2-ethylhexyl (meth)acrylate.
[0028] Examples of monomers constituting the polyalkyleneimines include ethyleneimine and methylethyleneimine.
[0029] Examples of monomers constituting polyoxyalkylenes include ethylene oxide and propylene oxide.
[0030] Examples of other monomers constituting the copolymers include vinylsulfonic acid, styrenesulfonic acid, N-
ethyl (meth)acrylamide, and vinylpyridine.
[0031] One super absorbent resin may be used singly or two or more super absorbent resins may be used in combi-
nation. From the viewpoint of availability, high water absorption power, and the like, polyacrylic acid or sodium polyacrylate
is preferably used, and sodium polyacrylate is particularly preferred.
[0032] The super absorbent resin may be used in combination with another water absorbent. Examples of another
absorbent include silica gel, zeolite, and activated carbon.
[0033] As for the shape of the super absorbent resin, from the viewpoint of uniform contact over the mineral raw
material surface, ease of handling, and the like, the resin is preferably in a particulate or powder form having a particle
size equivalent to or smaller than that of the mineral raw material.
[0034] The amount of the super absorbent resin to be brought into contact with the mineral raw material is adjusted
as appropriate depending on the type, properties and the like of the mineral raw material and the super absorbent resin.
From the viewpoint of sufficient reduction in the contained water of the surface of the mineral raw material without
impeding desired physical properties in applications of the mineral raw material and the viewpoint of the costs and the
like, in the case of coal, the amount is preferably 0.001 to 5 parts by mass, more preferably 0.01 to 2 parts by mass, still
more preferably 0.05 to 1 part by mass, based on 100 parts by mass of moist coal.

(Transfer facilities)

[0035] The transfer facilities used in the present invention refer to facilities in the transfer line to feed a mineral raw
material by means of a predetermined line, for example, from the storage place of the mineral raw material such as a
raw material yard to the facility in which the mineral raw material is used.
Facilities having a temporary storage function such as a chute, a hopper, and a silo are also included. Transfer by the
transfer facilities is different from transportation by a cargo or truck, conveyance by means of a bucket, or the like.
[0036] The present invention can achieve a satisfactory effect of preventing adhesion and clogging in areas where
inconvenience due to adhesion and clogging is likely to occur among the transfer facilities, specifically in pipes, conveyor
belts, conveyor chains, chutes, hoppers, silo, and the like.
[0037] A moist mineral raw material is likely to cause adhesion and clogging in these transfer facilities. In the case of
clogging, it is necessary to eliminate the clogging after the operation of the line is halted as aforementioned, and thus,
time and labor have been required.
[0038] In contrast, according to the present invention, the slidability of the moist mineral raw material on the contact
surface of the transfer facilities is improved and adhesion is more unlikely to occur. Accordingly, it is possible to easily
prevent clogging of the mineral raw material in the transfer facilities without halting the operation of the line.

(Raw material mixture)

[0039] A raw material mixture is a mixture of a moist mineral raw material and a super absorbent resin obtained by
bringing the super absorbent resin into contact with the moist mineral raw material.
[0040] When the super absorbent resin comes into contact with the moist mineral raw material, at least a portion of
the contained water in the mineral raw material is absorbed by the super absorbent resin. Then, the contained water on
the surface of the mineral raw material is reduced, the adhesiveness of the mineral raw material to the contact surface
of transfer facilities is suppressed, and thus, the slidability is improved. It is only required that the adhesiveness to the
contact surface of the transfer facilities be suppressed, and it is not necessary for the total amount of the contained
water in the mineral raw material to be absorbed by the super absorbent resin.
[0041] The method for obtaining a raw material mixture by bringing a super absorbent resin into contact with a moist
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mineral raw material is not particularly limited, but it is preferred to obtain a raw material mixture in a state where the
moist mineral raw material and the super absorbent resin are homogeneously mixed and in contact with each other.
[0042] The position at which the super absorbent resin is brought into contact is not particularly limited, and may be
any of positions before, in the course of, or after transfer of the mineral raw material by means of conveyor belts.
[0043] For example, sprinkling the super absorbent resin to the moist mineral raw material before or in the course of
transfer of the resin by means of the conveyor belts can provide a raw material mixture. The super absorbent resin is
more preferably sprinkled on the moist mineral raw material, which is being transferred by means of conveyor belts,
from the top of the mineral raw material. This sprinkling allows the mineral raw material and the super absorbent resin
to be mixed at every transition between conveyor belts, and there can be obtained an entirely homogeneous raw material
mixture in which the super absorbent resin homogeneously adheres to the surface of the mineral raw material.
[0044] It is also possible to obtain the raw material mixture by adding the super absorbent resin to a predetermined
container containing the moist mineral raw material and mixing the resin and the raw material under stirring.

Examples

[0045] Hereinbelow, the present invention will be specifically described with reference to Examples, but the present
invention is not limited to the following Examples.

[Adhesiveness evaluation test]

(Example 1)

[0046] To 1000 g of moist coal (moisture content: 15.5% by mass, particle size: 2 mm or less), 0.1% by mass of
"KURILINE S-200" (manufactured by Kurita Water Industries Ltd.; sodium polyacrylate) was added as a super absorbent
resin, and the coal and the resin were homogeneously mixed under stirring to prepare a raw material mixture sample.
[0047] Vibration test equipment equipped with a simulated hopper (inlet: 200 mm 3 200 mm, outlet: inverted truncated
quadrangular pyramid outer shape of 30 mm 3 50 mm; made of steel) instead of the sieve at the top of an electric sieve
("ANF-30", manufactured by NITTO KAGAKU CO., Ltd.) was used to conduct adhesiveness evaluation test on the raw
material mixture sample.
[0048] Adhesiveness was evaluated by introducing the prepared raw material mixture sample into the simulated hopper
of the vibration test equipment and measuring the discharge time from the start of introduction to the completion of falling
onto the tray at the lower part of the vibration test equipment.
[0049] The mass (A) of about 20 g of the coal was determined, and the mass (B) after this coal was dried in a dryer
at 105°C for 2 hours was determined. Then, the moisture content of coal was calculated by the following expression by
taking the reduced mass (A-B) as the moisture amount. 

(Examples 2 to 4)

[0050] The discharge time of the raw material mixture sample was measured in the same manner as in Example 1
except that the moisture content of the coal and the amount of the super absorbent resin added were changed as shown
in the following Table 1.

(Comparative Examples 1 and 2)

[0051] In Examples 1 and 3, the discharge time of the raw material mixture sample was measured in the same manner
as in Example 1 except that no super absorbent resin was added.
[0052] The results of the adhesiveness evaluation test of each of Examples and Comparative Examples are summa-
rized in Table 1.
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[0053] As can be seen from the results shown in Table 1, it was confirmed that addition of KURILINE S-200 to the
moist coal led to reduction in the discharge time of the raw material mixture sample from the simulated hopper to thereby
suppress adhesion.
[0054] Visual observation of the top of the simulated hopper after the test confirmed that the amount of adhesion of
the raw material mixture sample was reduced.
[0055] As described above, it can be said that addition of KURILINE S-200 to the moist coal suppresses adhesion of
the coal to the contact surface of the transfer facilities and improves the slidability to thereby enable prevention of
adhesion and clogging.

Claims

1. A method for preventing adhesion and clogging of a mineral raw material, wherein a raw material mixture obtained
by bringing a super absorbent resin into contact with a moist mineral raw material is transferred in a transfer facility
to prevent adhesion and clogging of the mineral raw material in the transfer facility.

2. The method for preventing adhesion and clogging of a mineral raw material according to claim 1, wherein the transfer
facility is a pipe, a conveyor belt, a conveyor chain, a chute, a hopper, or a silo.

3. The method for preventing adhesion and clogging of a mineral raw material according to claim 1 or claim 2, comprising
a step of sprinkling the super absorbent resin to the moist mineral raw material before or in the course of transfer
by means of a conveyor belt to obtain the raw material mixture.

4. The method for preventing adhesion and clogging of a mineral raw material according to any one of claims 1 to 3,
comprising a step of adding the super absorbent resin in a container containing the moist mineral raw material and
mixing the resin with the raw material under stirring to obtain the raw material mixture.

Table 1

Moisture content [% by 
mass]

Amount of a super absorbent resin added 
[parts by mass]

Discharge time 
[seconds]

Example 1

15.5

0.1 5.70

Example 2 0.2 3.88

Comparative 
Example 1

- 10.16

Example 3

17.5

0.1 8.40

Example 4 0.2 5.73

Comparative 
Example 2

- 14.13
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