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TITLE OF THE INVENTION 

Coated granular curing agent for a radically curable 

compound and anchor bol t-.f ixing composition comprising 

the same 

BACKGROUND OF THE INVENTION. 

Field of The Invention 

The present invention relates to a coated granular 

curing agent and an anchor bolt-fixing composition 

comprisi~g the same .. More particularly, the present 

10 invention is concerned with a coated granular curing 

agent, which is for use in curing a·radically curable 

compound (hereinafter, frequently referred to as a 

"first radically curable compound") selected from the 

group consisting of a radically curable resin and a 

15 radically polymerizable monomer and which comprises an 

organic peroxide granule, wherein the organic peroxide 

granule has an entire surface thereof coated with a 

layer of a cured resin derived from another .radically 

curable compound (hereinafter, frequently referred to 

20 as a "second radically curable compound") which is the 

same as or different from the above-mentioned first 

radically curable compound. The present invention is 

also concerned with an anchor bolt-fixing composition 

comprising (1) a curable composition comprising at 

25 least one radically curable compound selected from the 
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group consisting of a radically curable resin and a 

radically polymerizable monomer, and a cure accelera­

tor; and (2) a plurality of granules of the above­

mentioned coated granular curing agent. The coated 

5 granular curing agent of the present invention is 

advantageous not only in that the curing agent can be 

handled with ease, but also in that the curing agent 

can be uniformly dispersed in a radically curable 

compound, .so that it exhibits excellent curing perfor-

10 mance. Therefore, the coated granular curing agent of 

the present invention can be advantageously used as a 

curing agent for a radically curable resin and/or a 

radically polymerizable monomer, which is used in 

various fields, such as a water-transmitting resin 

15 mortar and a casting resin. Especially, the curing 

agent of the present invention can be advantageously 

used to provide an exceilent anchor bolt-fixing compo­

si-tion which not only has a· 1ong life, but also is 

capable of fixing an anchor bolt to a base while enjoy-

20 ing high fixation strength. 

Prior Art 

Conventionally, as a curing agent for a radically 

curable resin, such as an unsaturated polyester resin, 

an epoxy acrylate resin or a polyester acrylate resin, 

25 various organic peroxides have been used. These organ-



ic peroxides are appropriately selected depending on 

various factors, such as the-type of resin to be cured 

and the ambient temperature at the time of performing 

curing of the resin. When it is attempted to cure a 

5 resin at room temperature or below, the organic perox­

ide is frequently used in combination with a cure 

accelerator, such as an aromatic amine. 

Radically curable resins, which can be cured using 

an organic peroxide as a curing agent, have been used 

10 in -various fields. For example, radically curable 

resins are used as a resin for providing a corrosion­

preventing lining, as a resin for producing a molded 

article by use of a metal mold and as a resin for use 

as a main agent for an anchor capsule. (The term 

is· "anchor capsule" used herein means a capsule used to 

fix an anchor bolt or an iron rod to a base, each of 

which is used in fixing a machine or other structures 

to bases, such as a rock bed, concrete and masonry.) 

As a resin-to be used as the main agent for an anchor 

20 capsule, a radically curable resin, such as an unsatu­

rated polyester resin or an epoxy acrylate resin, is 

generally used. 

Conventionally, the anchor capsule comprises a 

curable resin in a viscous liquid form, a curing agent, 

25 and, optionally, an aggregate. The operation of fixing 
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an anchor bolt or an iron rod to a base using such an 

anchor capsule is generally conducted by a method 

comprising inserting an anchor capsule into a hole 

drilled in a base, and driving an anchor bolt or an 

5 iron rod into the hole, thereby breaking the anchor 

cap~ule in the hole so as to allow the curing agent to 

be mixed with the curable resin in a viscous liquid 

form, so that the resin can be cured. Specific exam­

ples of methods for breaking an anchor capsule in a 

10 hole by means of an anchor bolt or an iron rod include: 

a first method, in which an anchor capsule in a hole is 

broken by driving the anchor bolt or the iron rod into 

the hole by means of a hammer; and a second method, in 

which an anchor capsule in a hole is broken by the 

15 rotary percussion caused by the anchor bolt or the iron 

rod which is driven into the hole by means of a hammer 

drill or the like. When the second method is employed, 

the anchor bolt can be fixed to the base while enjoying 

high fixation strength, -as compared to the fixation 

20 strength achieved by the first method. Therefore, the 

second method is advantageous especially for fixing an 

anchor bolt to a base located in sea water or water, or 

to a base located on a shore, in which a high fixation 

strength is required. 

25 In the above-mentioned second method, the below-



described type of an anchor capsule is generally used. 

That is, such an anchor capsule has a double-wall 

structure comprising cylindrical outer and inner cas­

ings, each of which is breakable by the action of an 

5 anchor bolt or an iron rod when the anchor bolt or the 

iron rod is applied to the anchor capsule, in which a 

main agent comprising a curable resin in a viscous 

liquid form and an aggregate are disposed in a space 

defined by the inner wall of the outer casing and the 

10 outer wall of the inner casing, and in which the curing 

agent is disposed in the inner casing (see European 

Patent No. 0 150 555). 

Further, Examined Japanese Patent Application 

Publication No. 4-1160 discloses an anchor bolt-fixing 

15 capsule having a double-wall structure comprising outer 

and inner casings, each. of which is breakable by the 

action of an anchor bolt when the anchor bolt is ap­

plied to the capsule, which ·comprises the above-men­

tioned outer and inner casings, a curable resin in a 

20 viscous liquid form and a mixture of a solid granular 

curing agent and an aggregate, wherein one of the 

curable resin and the curing agent-aggregate mixture is 

disposed in the inner casing, and the other is disposed 

in a space defined by the inner wall of the outer 

25 casing and the outer wall of the inner casing, and 



wherein the solid granular curing agent and the ag­

gregate are uniformly mixed. 

However, in the above-mentioned capsules for use 

in an anchor bolt-fixing operation, it is requisite 

5 that a curable resin in a viscous liquid form and a 

curing agent be separately disposed by using a double­

wall structure. Therefore, the above-mentioned capsule 

is disadvantageous in that not only is the production 

process for the above-mentioned capsules cumbersome, 

10 but also the dispersion of the curing agent in the 

curable resin at the anchor bolt-fixing oper~tion is 

likely to become unsatisfactory and, hence, the curing 

of the curable resin becomes non-uniform. Further, 

when a capsule for use in an anchor bolt-fixing opera-

15 tion has a double-wall structure as mentioned above, 

problems arise such that an operation in which a curing 

agent in a powdery or granular form is packed into a 

casing, especially the inner casing (which has a small­

er diameter than the outer casing has), is extremely 

20 cumbersome and, in addition, the fine powder of curing 

agent is inevitably scattered in the workshop during 

the packing operation, thus degrading the working 

environment. Also, during the packing operation, a 

bridging of the curing agent occurs in the packing 

25 hopper, and in the casing being packed with the curing 
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agent, so that the operation efficiency becomes poor. 

An anchor bolt-fixing capsule has been proposed, 

in which a rod-shaped curing agent and a mixture of a 

curable resin in a viscous liquid form and a granular 

5 stone aggregate are disposed in an opaque cylindrical 

tubular casing having an opening which is fittedly 

closed by a transparent plastic cap, wherein the rod­

shaped curing agent is a molded product obtained by 

molding a mixture of a peroxide, an organic binder and 

10 a diluent, and has an entire surface thereof coated 

with a cured resin layer (see Examined Japanese Patent 

Application Publication No. 63-13000). This capsule 

solves the problems of such a capsule having a double­

wall structure as mentioned above. However, this 

15 capsule is disadvantageous not only in that, since the 

curing agent used therein is in the form of a rod, -the 

curing agent cannot be packed into the casing simulta­

neously with the packing of "the granular stone ag­

gregate, and the packing of the granular stone ag-

20 gregate can be conducted only after the packing of the 

rod-shaped curing agent, thus rendering the packing 

operation cumbersome, but also in that during the 

packing of the granular stone aggregate, a bridging of 

the granular stone aggregate occurs between the inner 

25 wall of the tubular casing and the rod-shaped curing 



agent, so that the granular stone aggregate cannot be 

packed fully to the bottom of the casing. Further, 

this capsule also poses a problem such that, during the 

anchor bolt-fixing operation, when the anchor bolt is 

5 driven into the capsule by the rotary percussion caused 

by a hammer drill, the rod-shaped curing agent is 

broken into pieces, and the pieces will sink to the 

bottom of the hole (in which the anchor bolt is to be 

fixed), so that the mixing between the curing agent and 

10 the curable resin in a viscous liquid form becomes non­

uniform. Hence, a large non-uniformity is caused in 

the curing of the resin, so that a high anchor bolt­

fixing performance cannot be stably obtained. 

There is also a proposal for an anchor bolt-fixing 

15 cartridge comprising a cylindrical cartridge having a 

plurality of macrocapsules disposed therein, wherein 

each of the macrocapsules is filled with a curable 

polymer, and wherein each of the macrocapsules is in 

contact with other macrocapsules and/or the inn~r wall 

20 of the cartridge so as to be packed in the cartridge in 

immobilized fashion (see Unexamined Japanese Patent 

Application Laid-Open Specification No. 55-32814). 

According to the method disclosed in this prior art 

document, the macrocapsules in the cartridge are broken 

25 into flakes by the action of an anchor.bolt, and the 
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resultant flakes function as a so-called "static agita­

tor" for t~e curable polymer so that the space between 

the anchor bolt and the inner wall of the hole is 

uniformly filled with the curable polymer. However, as 

5 can be seen from the above, the macrocapsules used in 

this technique must be those which are breakable into 

flakes by the action of an anchor bolt. As such macro­

capsules, for example, hollow glass balls coated with a 

phenol resin, fragments of a clay tube (wherein the 

10 fragments have been sealed at both ends thereof), 

gelatin capsules and the like are used, but materials 

which can be used for the macrocapsules have been 

limited. Accordingly, methods for introducing a cur­

able polymer to the macrocapsules are also limited. As 

15 such methods, for example, there can be mentioned a 

method which comprises dipping macrocapsules in a 

curable liquid polymer, and degassing in situ the 

macrocapsules in vacuo, followed by increasing the 

pressure so that the macrocapsules are filled with the 

20 curable liquid polymer; and a method which comprises 

injecting a curable liquid polymer to the macrocapsules 

by means of a syringe. These methods are, however, 

disadvantageous because of the low productivity of 

final macrocapsules containing a curable polymer liq-

25 uid. Further, in these methods, as can be clearly 
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understood from the above, it is absolutely necessary 

to use as a curable polymer a curable liquid polymer, 

and a curable solid polymer, such as a solid polymer in 

a granular or a powder form, cannot be used. 

5 There is also a proposal for a one-pack type 

curing resin composition usable as an adhesive, a 

sealant, a coating material, a molding material and the 

like, which is in the form of a dispersion of microcap­

sules in a mixture of a polymerizable polyfunctional 

10 acrylate compound (which is a monomer having at least. 

two acrylic acid residues) and/or a polymerizable 

polyfunctional methacrylate compound (which is a monom­

er having at least two methacrylic acid residues) as a 

curing resin component with an organic peroxide as a 

15 curing agent, wherein the microcapsules contain a cure 

accelerator which, when combined with the organic 

peroxide, is capable of forming a redox polymerization 

reaction system for the polyfunctional acrylate com­

pound and/or the polyfunctional methacrylate compound, 

20 and is coated with a film comprising a hydrocarbon 

compound capable of forming a coating (see Examined 

Japanese Patent Application Publication No. 54-32480). 

However, this one-pack type curing resin composition is 

disadvantageous in that a gelation of the resin compon-

25 ent proceeds unfavorably rapidly since the curing resin 
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component is directly in contact with the curing agent 

in the reaction system. 

SUMMARY OF THE INVENTION 

With a view toward developing an excellent curing 

5 agent for a radically curable resin and/or a radically 

polymerizable monomer, which curing agent is free from 

the above-mentioned problems, the present inventors 

have made extensive and intensive studies. As a re­

sult, it has unexpectedly been found that a coated 

10 granular curing agent, which is for use in curing a 

first radically curable compound (i.e., a radically 

curable resin and/or a radically polymerizable monomer) 

and which comprises an organic peroxide granule, wher­

ein the organic peroxide granule has an entire surf ace 

15 thereof coated with a layer of a cured resin derived 

from a second radically curable compound which is the 

same as or different from the first radically curable 

compound; exhibits advantageous characteristics such 

that the curing agent can be handled with ease, and 

20 that the curing agent can be dispersed uniformly in the 

above-mentioned first radically curable compound, so 

that the curing agent exhibits excellent curing perfor­

mance. It has also unexpectedly been found that the 

above-mentioned curing agent can be advantageously used 

25 to provide a one-pack type anchor bolt-fixing 
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composition which is not only capable of stably fixing 

an anchor bolt to a base while enjoying high fixation 

strength, but also can be stored at room temperature 

for a period of time as long as 1 month or longer 

5 without suffering any degradation. Based on these 

novel findings, the present invention has been complet­

ed. 

Accordingly, it is an object of the present inven­

tion to provide a coated granular curing agent for use 

10 in-curing a radically curable compound, which can be 

advantageously handled with ease, and has excellent 

curing ability. 

It is another object of the present invention to 

provide an anchor bolt-fixing composition, which can be 

15 stored for a prolonged period of time without suffering 

any degradation, and is capable of stably fixing an 

anchor bolt to a base while enjoying high fixation 

strength. 

It is a further object of the present invention to 

20 provide an anchor bolt.-fixing capsule comprising an 

anchor bolt-fixing composition having the above-men­

tioned excellent properties. 

It is still a further object of the present inven­

tion to provide a method for advantageously producing 

25 an anchor bolt-fixing resin composition of one of the 
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preferred embodiments of the anchor bolt-fixing resin 

composition of the present invention. 

The foregoing and other objects, features and 

advantages of the present invention will be apparent 

s from the following detailed description and appended 

claims, taken in connection with the accompanying draw­

ings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying drawings: 

10 Fig. 1 is a diagrammatic cross-sectional view of. 

an anchor bolt-fixing capsule obtained in Examples 1, 3 

and 5; 

Fig. 2 is a diagrammatic cross-sectional view of 

an anchor bolt-fixing capsule obtained in Example 4; 

15 and 

Fig. 3 is a diagrammatic cross-sectional view of 

an anchor bolt-fixing capsule obtained in Comparative 

Example 2. 

In Fig. 1 through Fig. 3, like parts or portions 

20 are designated by like numerals. In Fig. 1 through 

Fig. 3, the reference numerals have the following 

meanings. 

1: Casing 

2: Curable composition 

25 3: Aggregate 
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4: Coated granular curing agent of the present 

invention 

4': Conventional rod-shaped curing agent 

5: Sealed portion 

s 6: First coating layer 

7: Second coating layer 

8: Cap 

10 

PETAILED DESCRIPTION OF THE INVENTION 

According to a basic embodiment of.the present 

invention, there is provided a coated granular curing 

agent, which is for use in curing at least one first 

radically curable compound selected from the group 

consisting of a radically curable resin and a radically 

15 polymerizable monomer and which comprises an organic 

peroxide granule, wherein the organic peroxide granule 

has an entire surface thereof coated with a layer of a 

cured resin derived from at.least one second radically 

curable compound selected from the group consisting of 

20 a radically curable resin and a radically polymerizable 

monomer, and wherein the first and second radically 

curable compounds are the same or different. 

For an easy understanding of the present inven­

tion, the essential features and representative embodi-· 

25 ments of the present invention are enumerated below. 
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The first representative embodiment of the present 

invention consists in: a coated granular curing agent, 

which is for use in curing at least one first radically 

curable compound selected from the group consisting of 

5 a radically curable resin and a radically polymerizable 

monomer and which comprises an organic peroxide granu­

le, wherein the organic peroxide granule has an entire 

surface thereof coated with a layer of a cured resin 

derive9 f~om at least one second radically curable 

10 compound selected from the group consisting of a radi-:­

cally curable resin and a radically polymerizable 

monomer, and wherein the first and second radically 

curable compounds are the same or different. 

The second representative embodiment of the pres-

15 ent invention consists in: an anchor bolt-fixing compo­

sition, comprising: 

(1) a curable composition comprising at least one 

first radically curable compound selected from the 

group consisting of a radically curable resin and a 

20 radically polymerizable monomer, and a cure accelera­

tor; and 

(2) a plurality of granules of a coated granular 

curing agent for the curable composition (1), the 

granular curing agent comprising an organic peroxide· 

25 granule, wherein the organic peroxide granule has an 
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entire ·surface thereof coated with a layer of a cured 

resin derived from at least one second radically cur­

able compound selected from the group consisting of a 

radically curable resin and a radically polymerizable 

5 monomer, 

wherein the first and second radically curable 

compounds are the same or different. 

The third representative embodiment of the present 

invent~on consists in: a method for producing an anchor 

10 bolt-fixing composition as mentioned above as the 

second representative embodiment of the present inven­

tion, wherein the first and second radically curable 

compounds are the same, which comprises mixing a cur­

able composition, which is in a viscous liquid form and 

15 which comprises at least one radically curable compound 

selected from the group consisting of a radically 

curable resin and a radically polymerizable monomer, 

and a cure accelerator, with a plurality of organic 

peroxide granu1es, to thereby form a layer of a cured 

20 resin on the entire surface of each of the organic 

peroxide granules, wherein the cured resin is derived 

from the radically curable compound contained in the 

curable composition. 

Examples of organic peroxides used in the coated 

25 granular curing agent of the present invention include 
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hydroperoxides, such as cumene hydroperoxide; dialkyl 

peroxides, such as dicumyl peroxide; diacyl peroxides, 

such as benzoyl peroxide; ketone peroxides, such as 

methyl ethyl ketone peroxide; oxycarbonates, such as 

5 bis(4-t-butylcyclohexyl) peroxycarbonate; peroxyketals, 

such as 1,1-di-t-butylperoxycyclohexanone; and ·perox­

yesters, such as t-butyl peroxybenzoate. Among the 

above-mentioned organic peroxides, benzoyl peroxide is 

prefe:r:a.bly used because it can be handled with ease and 

10 exhibits excellent curing performance at room tempera~ 

ture. 

With respect to the configuration of the organic 

peroxide granule used in the present invention, there 

is no particular limitation. The organic peroxide 

15 granule may be used in various forms, such as a sphere 

and an ellipsoid. Also, the organic peroxide granule 

may have a plurality of concavo-convex portions on the 

surface thereof. 

The organic peroxide granule can be obtained by a 

20 method comprising diluting an organic peroxide with an 

inorganic compound (such as calcium carbonate, calcium 

sulfate or the like) so that the organic peroxide 

concentration in the resultant mixture becomes from 1 

to 95 % by weight, and shaping the mixture to a granu-

25 le. From the viewpoint of safety in handling, the 
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concentration of the organic peroxide in the mixture is 

preferably 50 % or less by weight, based on the weight 

of the mixture. 

With respect to the method for producing an organ-

s ic peroxide granule, there is no particular limitation. 

An organic peroxide granule may be produced by, for 

example, (a) a method which comprises applying a me­

chanical pressure to a powdery organic peroxide diluted 

with an inorganic compound or a wet mass of a powdery 

10 organic peroxide diluted with an inorganic compound, to 

thereby shape the powdery organic peroxide; (b) a 

method which comprises adding a shaping agent and water 

to a powdery organic peroxide diluted with an inorganic 

compound to obtain a slurry, and drying the obtained 

15 slurry; (c) a method which comprises spraying a liquid 

shaping agent on a powdery organic peroxide diluted 

with an inorganic compound to thereby cause agglomera­

tion of the organic peroxide; or (d) a method which 

comprises adding water and a shaping agent to a powdery 

20 organic peroxide diluted with an inorganic compound to 

obtain a clay-like mixture, and shaping the obtained 

clay-like mixture into spherical granules by a granu­

lating machine. 

In the above-mentioned method (a), an organic 

25 peroxide is shaped into a granule without using a 
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shaping agent. 

In the above-mentioned methods (b), (c) and (d), a 

shaping agent is used. Examples of shaping agents 

which can be used in the methods (b), (c) and (d) 

5 include cellulose derivatives, such as carboxymethyl 

cellulose, methyl cellulose, microcrystalline cellulose 

(manufactured and sold under the trade name of "AVICEL" 

by Asahi Chemical Industry, Co., LTD, Japan), gum 

arabic4 guar gum and locust bean gum; gelatin; polyvi-

10 nyl alcohol (PVA}; and starches, such as amylase and . 

amylopectin. Among the above-mentioned shaping agents, 

carboxymethyl cellulose, guar gum, locust bean gum, 

starches (such as amylase and amylopectin) are pre­

ferred because they have an excellent shaping ability, 

15 and are capable of forming an organic peroxide granule 

having excellent shape retentivity. Starches (such as 

amylase and amylopectin} are especially preferred 

because they can be handled.with ease and are capable 

of imparting sufficient mechanical strength to an 

20 organic peroxide granule to maintain the granular shape 

in the above-mentioned anchor bolt-fixing capsule which 

comprises a casing and the above-mentioned anchor bolt­

fixing composition disposed in the casing, wherein the 

anchor bolt-fixing composition comprises a curable 

25 composition (1) and a plurality of granules (2) of the 
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coated granule curing agent of the present invention. 

With respect to the amount of the shaping agent 

used for the preparation of the organic peroxide gran­

ules, it is preferred that the shaping agent be used in 

S an amount of from 0.1 % to 20 % by weight, more prefer­

ably from 1 to 15 % by weight, based on the weight of 

the organic peroxide. 

With respect to the diameter of the organic perox­

ide granuie, it is preferred that the organic peroxide 

10 granule have a diameter of from 0.5 mm to 15.0 mm. 

When an organic peroxide granule having a diameter of 

smaller than 0.5 mm is used to obtain a coated granular 

curing agent, it is difficult to break the obtained 

coated granular curing agent, which also has a small 

15 diameter, by stirring or the like. Therefore, in this 

case, there is a danger such that the radically curable 

resin and/or the radically polymerizable monomer cannot 

be satisfactorily cured. Ori the other hand, when an 

organic peroxide granule having a diameter of larger 

20 than 15 mm is used to obtain a coated granular curing 

agent, disadvantages are likely to be caused during the 

production process of the above-mentioned anchor bolt­

fixing capsule. Illustratively stated, when the pro­

duction process of the anchor bolt-fixing capsule 

25 includes an operation of adding a plurality of granules 
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(2) of the coated granular curing agent to the curable 

composition (1) which is contained in a casing, so as 

to obtain the anchor bolt-fixing composition accommo­

dated in the casing, a bridging is likely to occur, 

5 during charging of the granules of the curing agent to 

the casing, in the casing at a position higher than the 

bottom of the casing by the agglomeration of the gran­

ules of the curing agent or the agglomeration of a 

mixtur~ of the granules of the curing agent and an 

10 aggregate, so that the granules of the curing agent or 

the mixture of the granules of the curing agent and 

aggregate cannot be packed fully to the bottom of the 

casing_. Also, when the production process of the 

anchor bolt-fixing capsule includes an operation of 

15 charging an anchor bolt-fixing composition comprising 

the above-mentioned components (1) and (2), which has 

been prepared in advance, to a casing, the same problem 

as mentioned above is likely to occur during charging 

of the composition into the casing. Further, for uni-

20 formly dispersing the granules of· the curing agent in 

the curing composition (1), it is more preferred that 

the diameter of the organic peroxide granule be from 1 

to to mm. 

In the present invention, when the organic perox-

25 ide granule has an elliptical cross-section, the 
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diamete-r of such a granule is defined as the average 

value of the long axis and the short axis of the cross­

section of the granule. When the organic granule has a 

plurality of concave-convex portions on the surface 

5 thereof, the diameter of such a granule is defined as 

the diameter of a sphere having the same volume as that 

of the granule having a plurality of concave-convex 

portions, in which the volume of the granule is calcu­

lated by a known method. 

10 With respect to the strength of the organic perox-

ide granule, there is no particular limitation as long 

as the granule is breakable by mechanical stirring by a 

hammer drill or the like at the time of the anchor 

bolt-fixing operation. However, the breakage of the 

15 coated granular curing agent comprising the organic 

peroxide granule should be avoided at the time of 

dispersing the granules (2) of the coated granular 

curing agent in the curable.composition (1), or at the 

time of charging a mixture of the granules (2) of the 

20 coated granular curing agent and the granules of an 

aggregate into a casing for an anchor bolt-fixing 

capsule. Therefore, it is preferred that the organic 

peroxide granule have a break strength of 150 gf/cm2 or 

mare, mare preferably 1 kgf/cm2 or mare. However, when 

25 the organic peroxide granule has extremely high break 
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strength, the coated granular curing agent obtained 

using such an organic peroxide granule cannot be broken 

by mechanical stirring at the time of the anchor bolt­

fixing operation. Therefore, it is preferred that the 

5 break strength of the organic peroxide granule does not 

exceed 200 kgf/cm2. 

The formation of the layer of a cured resin on an 

entire surface of the organic peroxide granule, which 

cured xesin is derived from at least one second radi-

10 cally curable compound selected from the group consist­

ing of a radically curable resin and a radically polym­

erizable monomer, can be conducted by a method compris­

ing: immersing the organic peroxide granule in a mix­

ture of the second radically curable compound, which 

15 reacts with the organic peroxide to form a cured resin, 

with a cure accelerator at ambient temperature (from 

about 20 °C to about 30 °C); and stirring the resultant 

mixture. After the above-mentioned operation, the 

organic peroxide granule having an entire surf ace 

20 thereof coated with the layer of a cured resin (i.e., 

the coated granular agent of the present invention) is 

taken out from the mixture of the second radically 

curable compound with the cure accelerator. If de­

sired, the obtained coated granular curing agent taken 

25 out from the above-mentioned mixture may be washed with 
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acetone or the like. 

In the present invention, as already mentioned 

above, a "first radically curable compound" means at 

least one radically curable compound selected from the 

· 5 group consisting of a radically curable resin and a 

radically polymerizable monomer, which is to be cured 

using the coated granular curing agent of the present 

invention, and as mentioned above, a "second radically 

curable compound" means at least one radically curable 

10 compound selected from the group consisting of a radi~ 

cally curable resin and a radically polymerizable 

monomer, which is used for forming the layer of a cured 

resin of the coated granular curing agent of the pres­

ent invention. Further, as already mentioned above, 

15 the first and the second radically curable compounds 

may be the same or different. 

Examples of radically curable resins, each of 

which can be independently used as either a first or a 

second radically curable compound, include an epoxy 

20 acrylate resin, a polyester acrylate resin, an acrylic 

urethane resin and an unsaturated polyester resin. 

With respect to the epoxy acrylate resin, reference can 

be made to, for example, Examined Japanese Patent 

Application Publication No. 62-037076. With respect to 

25 the polyester acrylate resin, reference can be made to, 
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for example, Examined Japanese Patent Application 

Publication'No. 5-085720. With respect to the acrylic 

urethane resin, reference can be made to, for example, 

Examined Japanese Patent Application Publication No. 5-

5 085719. With respect to the unsaturated polyester 

resin, reference can be made to, for example, Examined 

Japanese Patent Application Publication No. 38-12863. 

Examples of radically polymerizable monomers, each 

of which can be independently used as either a first or 

10 a second radically curable compound, include multifunc­

tional carboxylic esters. Specific examples of radi­

cally polymerizable monomers include ethyleneglycol 

dimethacrylate, n-butyl methacrylate, 2-hydroxyethyl 

methacrylate, benzyl methacrylate, phenoxyethyl metha-

15 crylate, diethyleneglycol dimethacrylate, triethylene­

glycol dimethacrylate, 1,4-butyleneglycol dimetha­

crylate, trimethylolpropane trimethacrylate, dimethyl 

maleate, isobornyl methacrylate, butanediol dimetha­

crylate, and 2,2-bis[4-(methacryloxydiethoxy)phenyl]-

20 propane. 

As already mentioned above, the formation of the 

layer of a cured resin on the entire surf ace of the 

organic peroxide granule, which cured resin is derived 

from the second radically curable compound, can be 

25 conducted by a method comprising: immersing the organic 
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peroxide granule in a mixture of the second radically 

curable compound with a cure accelerator at ambient 

temperature (from ·about 20 °C to about 30 °C); and 

stirring the resultant mixture. With respect to the 

s amount of the second radically curable compound used in 

immersing the organic peroxide granule in the second 

radically curable resin for the purpose of forming the 

layer of a cured resin, there is no particular limita­

tion. _However, when the amount of the second radically 

10 curable compound is too small, it becomes impossible to 

. form the layer of a cured resin. on the entire surf ace 

of the organic peroxide granule. Therefore, it is 

preferred that the second radically curable compound be 

used in an amount of 100 % by weight or more, based on 

15 the weight of the organic peroxide granule. 

With respect to the cure accelerator used in the 

above-mentioned mixture of the second radically curable 

compound with the cure acce1erator, which mixture is 

used for forming the layer of a cured resin, the same 

20 cure accelerator as used in the above-mentioned curable 

composition (1) of the anchor bolt-fixing composition 

may be employed. The function of the cure accelerator 

which is used in the above-mentioned mixture for form­

ing the layer of a cured resin is to facilitate ·the 

25 curing of the second radically curable compound on the 
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surface of the organic peroxide granule, to thereby 

form a layer of a cured resin on the entire surf ace of 

the organic peroxide granule. Examples of cure accel­

erators include aromatic anilines, such as N,N-dimethy-

5 laniline, N,N-diethylaniline, N,N-dimethyl-p-toluidine, 

N,N-dihydroxypropyl-p-toluidine, N,N-dihydroxyethyl-p­

toluidine: metallic soaps, such as cobalt naphthenate: 

and chelate compounds, such as vanadyl acetylace­

tonata. With respect to· the amount of the cure accel-

10 erator used in the above-mentioned mixture, there is no 

particular limitation. However, it is preferred that 

the cure accelerator be used in an amount of from 0.1 

to 5 % by w~ight, more preferably from 0.2 to 3 % by 

weight, based on the total weight of the second radi-

15 cally curable compound and the cure accelerator. 

With respect to the thickness of the above­

mentioned layer of a cured resin, it is preferred that 

the thickness of the layer be as small as possible so 

that the coated granular curing agent is able to have a 

20 large organic peroxide content, and that, when the 

coated granular curing agent is used in the anchor 

bolt-fixing composition, the coated granular curing 

agent can be easily broken by the action of an anchor 

bolt. However, when the thickness of the layer of a 

25 cured resin is too small, the handling of the coated 
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granular curing agent becomes disadvantageously cumber­

some. Therefore, it is preferred that the thickness of 

the layer of a cured resin be from 0.3 % to 40 %, more 

preferably from 0.3 % to 25 %, based on the diameter of 

5 the coated granular curing agent. 

Hereinbelow, explanation is made with respect to 

the anchor bolt-fixing composition of the present 

invention. 

T.he anchor bolt-fixing composition of the present 

10 invention can be obtained by mixing the curable compo~ 

sition (1) comprising the first. radically curable 

compound and the cure accelerator with a plurality of 

granules (2) of the coated granular curing agent of the 

present invention, wherein the granular curing agent 

15 has a layer of a cured resin derived from the second 

radically curable compound which is the same as or 

different from the first radically curable compound. 

It is preferred that the anchor bolt-fixing compo­

sition of the present invention contain the granules 

20 (2) of the coated granular curing agent in an amount of 

from 0.5 to 20 % by weight, more preferably from 2 to 

15 % by weight, in terms of the weight percentage of 

the organic peroxide, based on the weight of the cur­

able composition (1). 

25 In the anchor bolt-fixing composition of the 
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present invention, the coated granular curing agent 

exhibits an excellent mobility. Therefore, when the 

anchor bolt-fixing operation is conducted using the 

anchor bolt-fixing composition of the present inven-

5 tion, even if the granules (2) of the coated granular 

coating agent have not been uniformly dispersed in the 

curable composition (1), the granules (2) are caused to 

be uniformly dispersed in the curable composition 

positioned in a space between the anchor bolt and the 

10 wall of a hole dr.illed in a base by stirring with a 

hammer drill or the like. However, ·for enhancing the 

curing performance of the curing agent, it is preferred 

that the granules (2) of the coated granular curing 

agent (2) be uniformly dispersed in the curable compo-

15 sition (1). The uniform dispersion of the granules (2) 

in the curable composition (1) can be achieved by using 

the coated granular curing agent and the curable compo­

sition (1) in respective amounts such that the volume 

ratio of the granules (2) to the curable composition 

20 (1) becomes as close to 1:1 as possible. 

As already mentioned above, the first radically 

curable compound used in the curable composition (1) of 

the anchor bolt-fixing composition of the present 

invention may be the same as or different from the 

25 second radically curable compound used for forming the 
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layer of a cured resin of the coated granular curing 

agent. However, as a first radically curable compound, 

it is preferred to use an epoxy acrylate resin, a 

polyester acrylate resin and an acrylic urethane resin, 

5 because each of these compounds not only can be advan­

tageously used for achieving the excellent fixing 

ability of the anchor bolt-fixing composition, but also 

has excellent low-temperature curability and excellent 

afkal:L.resistance. 

10 As mentioned above, as a cure accelerator used in 

the curable composition (1), the same cure accelerator 

as used in the ·mixture of the second radically curable 

compound with the cure accelerator, which mixture is 

used for forming the layer of a cured resin of the 

15 coated granular curing agent, can be used. The cure 

accelerator is used in the curable composition (1) for 

the purpose of controlling the cure rate of the anchor 

bolt-fixing composition of the present invention. With 

respect to the amount of the cure accelerator, it is 

20 preferred that the cure accelerator be used in an 

amount of from 0.1 to 5 % by weight, more preferably 

from 0.2 to 3 % by weight, based on the weight of the 

curable composition (1). When the amount of the cure 

accelerator is less than 0.1 % by weight, the curing 

25 rate of the radically curable compound becomes too low. 
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In this instance, especially when the anchor bolt-

' 
fixing composition is used at a temperature lower than 

room temperature, there is a danger such that the 

curing of the radically curable compound does not 

5 proceed to a satisfactory level. When the amount of 

the cure accelerator exceeds 5 % by weight, the curing 

rate of the radically curable compound becomes too 

high. In this instance, there is a danger such that 

the anchor bolt-fixing operation cannot be finished due 

10 to·the extremely rapid curing of the radically curable 

compound. Further, for preventing occurrence of a non-

cured portion remaining in the radically curable com-

pound in conducting the anchor bolt-fixing operation at 

a temperature lower than room temperature, it is pre-

15 £erred to control the amount of the cure accelerator 

within the above-mentioned range, so that the cure time 

of the radically curable compound as measured at 25 °C 

according to JIS-K6901 for determining the curability 

at room temperature becomes 2 to 60 minutes. Further, 

20 for achieving a high fixation strength, it is more 

preferred that the cure time be 2 to 45 minutes. 

In the present invention, the above-mentioned 

curable composition (1) may further comprises a mono-

functional reactive monomer. Examples of monofunction-

25 al reactive monomers include styrene, methyl metha-
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crylate, ethyl methacrylate and cyclohexyl acrylate. 

Each of these monofunctional reactive monomers can be 

used in an amount of preferably from 1 to 70 % by 

weight, more preferably from 1 to 60 % by weight, based 

5 on the .weight of the curable composition (1). 

In the anchor bolt-fixing composition of the 

present invention, it is preferred that the above­

mentioned curable composition (1) further comprise an 

aggregate •. The use of a curable composition (1) con-

10 taining an aggregate is advantageous in that, in the 

anchor bolt-fixing operation, it becomes possible to 

break the coated granular curing agent into fine parti­

cles by ~eans of the aggregate, so that the mixing of 

the organic peroxide contained in the coated granular 

15 curing agent with the curable composition can be effi­

ciently performed. As a result of such an efficient 

mixing of the organic peroxide with the curable compo­

sition (1), it becomes possible to achieve a high 

hardness of the cured resin and a high fixing perfor-

20 mance of the anchor bolt-fixing composition. As an 

aggregate, an inorganic substance, such as an artifi­

cial aggregate (e.g., magnesia clinker, glass or ceram­

ic) or a natural stone (e.g., silica stone or marble) 

is generally used; however, an organic substance, such 

25 as a rigid polyvinyl chloride or a rigid plastic, may 
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also be used. In the present invention, an aggregate 

having a relatively large size can be employed, as long 

as it is breakable by the rotary percussion caused by 

the anchor bolt in the anchor bolt-fixing operation; 

5 however, it is preferred to use a granular aggregate 

from the viewpoint of dispersibility of the aggregate 

in the curable composition (1), and ease in operations, 

such as an operation of mixing the aggregate with the 

curing agent and an operation of charging the resultant 

10 mixture to the casing. The size (diameter) of an 

aggregate may be appropriately chosen depending on 

various conditions for the anchor bolt-fixing operation 

(e.g., the size of the hole in which the anchor bolt is 

fixed and the size of the anchor bolt). With respect 

15 to the amount of the aggregate, it is preferred that 

the aggregate be used in an amount of from 1 to 500 % 

by weight, more preferably from 50 to 300 % by weight, 

based on the weight of curable composition (1). 

In the present invention, if desired, an additive 

20 may be added to the curing composition (1). Examples 

of additives include a polymerization inhibitor, a 

pigment, an ultraviolet ray absorber, a surfactant, an 

adhesiveness-imparting agent, a filler, a thixotropic 

agent (such as a silica powder) and a coloring agent. 

25 These additives can be used in such amounts as are 
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conventionally employed in the art. 

The anchor bolt-fixing composition of the present 

invention can be advantageously produced by a method 

comprising mixing a curable composition, which is in a 

5 viscous liquid. form and which comprises at least one 

radically curable compound selected from the group 

consisting of a radically curable resin and a radically 

polymerizable monomer, and a cure accelerator, with a 

plural.ity Df organic peroxide granules, to form a layer 

10 of ·a cured resin on the entire surface of each of the. 

organic peroxide granules, wherein the cured resin is 

derived from the radically curable compound contained 

in the curable composition, thereby forming a coated 

granular curing agent of the present invention in the 

15 curable composition. In this method, use is made of 

the same radically curable compound as the first radi­

cally curable compound to be cured by the coated granu­

lar curing agent. That is, ·by this method, it becomes 

possible to obtain an anchor bolt-fixing composition of 

20 the present invention, in which a plurality of granules 

(2) of the coated granular curing agent of the present 

invention are formed in the curable composition (1), 

wherein the first and second radically curable com­

pounds are the same, simply by mixing the curable 

25 composition comprising a radically curable compound and 
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a cure ·accelerator with a plurality of the organic 

peroxide granules. Therefore, this method is very 

advantageous from the viewpoint of productivity. 

With respect to a method for conducting. the anchor 

5 bolt-fixing operation using the anchor bolt-fixing 

composition of the present invention, in which each of 

the granules (2) of the coated granular curing agent is 

broken into pieces and, simultaneously with the break­

age 0£ each granule, the pieces of the granules are 

10 mixed with the curable composition (1), such a method. 

can be conducted either in a manner.such that the 

operation of breaking the granules (2) into pieces and, 

simultaneously with the breakage of the granules (2), 

mixing the obtained pieces with the curing composition 

15 (1) is conducted before the anchor bolt-fixing composi­

tion is charged into a hole in which the anchor bolt is 

intended to be fixed, or in a manner such that the 

above-mentioned operation is conducted after the anchor 

bolt-fixing composition is charged to the above-men-

20 tioned hole. In either of the above manners, by the 

breakage of the coated granular curing agent into 

pieces and the mixing of the obtained pieces with the 

curing composition (1), the active sites of the coated 

granular coating agent, which are protected by the 

25 layer of the cured resin before the breakage of the 
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curing ·agent, are caused to be contacted with the 

curable composition (1). When the above-mentioned 

operation (which comprises breaking the granules (2) 

into pieces and, simultaneously with the breakage of 

5 the granules (2), mixing the obtained pieces with the 

curing composition) is intended to be conducted before 

the anchor bolt-fixing composition is charged into the 

hole, the above-mentioned operation can be conducted 

by, far example, a method in which a mixer is used. 

10 Alternatively, when the above-mentioned operation is 

intended to be conducted after the anchor bolt-fixing 

composition is charged into the hole, the above-men­

tioned operation can be conducted by, for example, a 

method in which the rotary percussion to be caused by 

15 the anchor bolt is utilized. 

Specifically, the anchor bolt-fixing operation 

using the anchor bolt-fixing composition of the present 

invention can be conducted by a method in which the 

anchor bolt-fixing composition as such is charged into 

20 a hole drilled in a base material by pouring from a 

container or by means of a piston pump, and the anchor 

bolt is driven into the hole by the rotary percussion 

caused by a hammer drill or the like, thereby mechani­

cally stirring the anchor bolt-fixing composition to 

25 break the granules (2) of the coated granular curing 
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agent into pieces and mix the obtained pieces with the 

curable composition (1) simultaneously with the break­

age of the granules (2), so that the radically curable 

compound is cured. However, it is preferred that the 

5 anchor bolt-fixing composition of the present invention 

be used in an anchor bolt-fixing capsule. With respect 

to such an anchor bolt-fixing capsule, it is necessary 

that the anchor bolt-fixing capsule comprises a casing 

wfiich .has _a sealed construction and is breakable by the 

10 action of an anchor bolt, and an anchor bolt-fixing 

composition of the present invention which is contained 

in the casing. By using such an anchor bolt-fixing 

capsule containing the anchor bolt-fixing composition 

of the present invention, it becomes possible to place 

15 an anchor bolt-fixing composition having a desired 

composition of each component in the hole, so that 

excellent fixation strength can be stably obtained. 

With respect to the above-mentioned casing used in the 

anchor bolt fixing capsule, there is no particular 

20 limitation, as long as the casing is breakable or 

tearable by the rotary percussion caused by the anchor 

bolt during the anchor bolt-fixing operation and is 

capable of preventing the permeation of the first 

radically curable compound, cure accelerator and/or 

25 monofunctional reactive monomer through the wall of the 
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casing to escape outside of the casing. However, a 

cylindrical casing made of glass, a synthetic resin, a 

film of synthetic resin, paper or the like, is general­

ly used. The size of the casing is appropriately 

5 chosen depending, for example, on the size of the hole 

drilled in the base. 

10 

15 

20 

25 
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BEST MODE FOR CARRYING OUT THE INVENTION 

The present invention will be described below in 

detail with reference to the following Examples and 

Comparative Examples, which should not be construed as 

5 limiting the scope of the present invention.· 

In the following Examples and Comparative Exam­

ples, evaluation was made with respect to the coated, 

shaped curing agents and the anchor bolt-fixing compo­

sition~ in accordance with the following methods. 

10 1) · The ease of handling a coated, shaped curing agent 

was evaluated as follows. 10 Samples of a coated, 

shaped curing agent were individually allowed to fall 

by gravity from a height of 1.1 m, and visual observa­

tion was made to see if the samples were broken or not. 

15 From the results of the observations, evaluation of the 

ease of handling the coated, shaped curing agent was 

made according to the following criteria. 

20 

0 : no samples were broken among the 10 samples 

x : one or.more samples were broken among the 

10 samples 

2) The shelf life (at room temperature) of an anchor 

bolt-fixing composition was determined by a method in 

which the number of days taken for actually causing 

gelation of the composition at a temperature of 60 °c 

25 were measured, and from this number of days the shelf 
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life (months or years) of the anchor bolt-fixing compo­

sition at room temperature was obtained by calculation 

in accordance with the assumption that the period of 28 

days taken for gelation at 60 °c is equivalent to a 

5 shelf life of 2 years at room temperature. 

Example 1 

[Preparation of curable composition (A-1)] 

65 % .by weight of a methacrylate type epoxy 

10 acrylate resin [which had been obtained by reacting a. 

bisphenol A type epoxy resin (weight average molecular 

weight: 836, manufactured and sold by Showa Highpolymer 

Co., Ltd., Japan) with methacrylic acid in a molar 

ratio of 1 : 2] as a radically curable resin, 34 % by 

15 weight of a styrene monomer as a monofunctional reac­

tive monomer, and 1 % by weight of N,N-dimethylaniline 

as a cure accelerator were mixed with each other, to 

thereby obtain curable composition (A-1). The-minimum 

curing time for the curable composition (A-1) as meas-

20 ured at 25 °C in accordance with JIS-6901 for determin­

ing the curability at room temperature was about 7 

minutes. 

[Preparation of coated granular curing agent (B~l)] 

100 Parts by weight of benzoyl peroxide, which had 

25 been diluted with calcium sulfate to a concentration of 
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40 % by weight, 0.1 part by weight of methyl cellulose 

as a shaping agent, 2 parts by weight (in terms of 

solids content) of a styrene-butadiene (SB) latex, and 

45 parts by weight of water were mixed with each other 

5 to thereby obtain a slurry. The obtained srurry was 

shaped into granules having a diameter of 1.5 to 3.0 mm 

(average diameter: 2.4 mm) at room temperature by means 

of a MOHNO ROBO DISPENSER (manufactured and sold by 

Heishin Engineering & Equipment Co. , Ltd. , Japan) . The 

10 . obtained granules were dried at 60 °C for 2 hours. 

Then, the dried granules were dipped in 300 cc of the 

curable composition (A-1) in a 500 cc-beaker, and the 

whole was stirred at 30 °C for 30 minutes by means of a 

stirrer to form a layer of a cured resin derived from 

15 curable composition {A-1) on the entire surface of each 

of the granules, thereby obtaining granules of coated 

granular curing agent (B-1). The obtained granules of 

the coated granular curing agent (B-1) were taken out 

from the curable composition (A-1) and it was visually 

20 observed that each granule had the layer of the cured 

resin on the entire surface thereof. 

[Preparations of an anchor bolt-fixing composition and 

an anchor bolt-fixing capsule] 

8.7 g of the curable composition {A-1) was charged 

25 into a glass casing having an opening, and having an 
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outer diameter of 17.0 mm, a wall thickness of 0.7 mm 

and a length of 120 mm. Then, a mixture of 24 g of 

magnesia clinker (as an aggregate) having a particle 

diameter of 1.5 to 3.0 mm and 2.0 g of the granules of 

5 the coated granular curing agent (B-1) was further 

charged into the glass casing, so that an anchor bolt­

fixing composition was obtained in the casing. The 

opening of the glass casing was sealed, to thereby 

ootain.an anchor bolt-fixing capsule as shown in Fig. 

10 1 .. 

A concrete block having a size · o_f 500 x 500 x 

1,000 mm and having a compression strength of 210 

kg/cm2 was subjected to boring to thereby make a hole 

· having a diameter of 19.0 mm and a depth of 130 mm. 

15 The hole was cleaned by means of a blower and a nylon 

brush. Subsequently, the above-obtained capsule was 

inserted into the hole of the concrete block. A wholly 

threaded anchor bolt Ml6 (made of SNB7) having_.a dia­

meter of 16 mm and having its tip end cut at 45° was 

20 securely connected at its rear end to an electric 

hammer drill, and the anchor bolt was driven to the 

bottom of the hole by the rotary percussion caused by 

the hammer drill. The fixation strength between the 

anchor bolt and the hole of the concrete block was 

25 measured one day after the anchor bolt has been driven 
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to the bottom of the hole, by means of ANSER-5-III 

(manufactured and sold by Asahi Chemical Industry, Co., 

Ltd., Japan) which is a tensile testing machine for an 

anchor bolt. Results are shown 1n Table 1, together 

s with the results of the evaluation of the coated granu­

lar curing agent (B-1) with respect to ease of han­

dling. The shelf life of the anchor bolt-fixing compo­

sition was 6 months. 

10 Example 2 

100 g of the curable composition (A-1) obtained in 

Example 1 was charged into a 300 cc-polyethylene con­

tainer having outer diameters at the opening and bottom 

thereof of 69 mm and 79 mm, respectively, and a length 

15 of 96 mm. Then, 18 g of the granules of the coated 

granular curing agent (B-1) obtained in Example 1 were 

further charged into the casing, so that ah anchor 

bolt-fixing composition was.obtained in the container. 

A concrete block was subjected to boring in sub-

20 stantially the same manner as in Example 1 to thereby 

make a hole therein, and 23 g of the above-obtained 

anchor bolt-fixing composition was poured into the hole 

from the container. Then, substantially the same 

operations as in Example 1 for driving an anchor bolt 

25 to the bottom of the hole and for measuring the fixa-
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tion strength between the anchor bolt and the hole of 

the concrete block were conducted. Results are shown 

in Table 1, together with the results of the evaluation 

of the coated granular curing agent (B-1) with respect 

s to ease of handling. 

Comparative Example 1 

[Preparation of a rod-shaped curing agent] 

k.8 g of benzoyl peroxide which had been diluted 

10 with calcium sulfate to a concentration of 40 % by 

weight was subjected to molding using a metal mold into 

a rod-shaped article having a length of 80 mm and a 

diameter of 4.2 mm. The obtained rod-shaped article 

was immersed in a 40 % solution of cellulose acetate in 

15 ethanol. Then, the rod-shaped article was taken out 

from the solution and allowed to stand at 40 °c for 1 

hour, to thereby form a first coating layer of the 

cellulose acetate on a surface of the rod-shaped arti­

cle. Then, the rod-shaped article having the first 

20 coating layer was immersed in a liquid mixture of an 

epoxy resin and an amine type curing agent. Then, the 

rod-shaped article was taken out from the liquid mix­

ture, and allowed to stand at 30 °c for 24 hours to 

form a second coating layer of the epoxy resin on the 

25 first coating layer of the rod-shaped article, thereby 
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obtaining a rod-shaped curing agent having the first 

and second coat~ng layers. 

[Preparation of an anchor-bolt fixing composition] 

A concrete block was subjected to boring in sub-

s stantially the same manner as in Example 1 to thereby 

make a hole therein, and 23 g of the curable composi­

tion (A-1) obtained in Example 1 was poured into the 

hole. Then, the above-obtained rod-shaped curing agent 

was inserted in the hole, thereby obtaining an anchor 

10 bolt-fixing composition in the hole. Then, substan- . 

tially the same operations as in Example 1 for driving 

an anchor bolt to the bottom of the hole and for meas­

uring the fixation strength between the anchor bolt and 

the hole of the concrete block were conducted. Results 

15 are shown in Table 1, together with the results of the 

evaluation of the rod-shaped curing agent with respect 

to ease in handling. 

Example 3 

20 [Preparation of curable composition (A-2)] 

55 % by weight of a methacrylate type epoxy 

acrylate resin [which had been obtained by reacting a 

bisphenol A type epoxy resin (weight average molecular 

weight: 836, manufactured and sold by Showa Highpolymer 

25 Co., Ltd., Japan) with methacrylic acid in a molar 
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ratio of 1 : 2], 44 % by weight of diethylene glycol 

dimethacrylate as a radically polymerizable monomer, 

and 1 % by weight of N,N-dihydroxypropyl-p-toluidine as 

a cure accelerator were mixed with each other to there-

s by obtain curable composition (A-2). The minimum 

curing time for the curable composition (A-2) as meas­

ured at 25 °c in accordance with JIS-6901 for determin­

ing the curability at room temperature was about 13 

minutes. 

10 [Preparation of coated granular curing agent (B-2)] 

100 Parts by weight of benzoyl peroxide, which had 

been diluted with calcium sulfate to a concentration of 

40 % by weight, 25 parts by weight of water, and· 10 

parts by weight of amylopectin as a shaping agent were 

15 mixed with each other to thereby obtain a clay-like 

mixture. The obtained clay-like mixture was shaped 

into spherical granules having an average diameter of 

3 mm by means of a High Performance Pill-Making Machine 

(manufactured and sold by Koike Iron Works, Ltd., 

20 Japan). The obtained granules were dried at room 

temperature for 3 hours and then at 60 °c for 1 hour. 

The dried granules were dipped in 300 cc of the curable 

composition (A-2) in a 500 cc-beaker, and the whole was 

stirred at 30 °c for 30 minutes by means of a stirrer 

25 to form a layer of a cured resin derived from curable 
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composition (A-2) on the entire surface of each of the 

granules, thereby obtaining granules of coated granular 

curing agent (B-2). The obtained granules of the 

coated granular curing agent (B-2) were taken out from 

5 the curable composition (A-2) and it was visually 

observed that each granule had the layer of the cured 

resin on the entire surface thereof. 

[Preparations of an anchor bolt-fixing composition and 

an anchor -bolt-fixing capsule] 

10 An anchor bolt-fixing composition and an anchor . 

bolt-fixing capsule were obtained in substantially the 

same manner as in Example 1, except that use was made 

of 8.7 g_ of the curable composition (A-2), 2.0 g of the 

granules of the coated granular curing agent (B-2) and 

.15 16 g of crushed silica rock (as an aggregate) having a 

diameter of from 1.2 to 3.4 mm. Then, an anchor bolt 

was fixed into a hole using the obtained anchor bolt­

fixing capsule, and the fixation strength between the 

anchor bolt and the hole of the concrete block was 

20 measured in substantially the same manner as in Example 

1. Results are shown in Table 1, together with the 

results of the evaluation of the coated granular curing 

agent (B-2) with respect to ease of handling. The 

shelf life of the anchor bolt-fixing composition was 2 

25 years. 
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Example 4 

[Preparation of an anchor bolt-fixing composition and 

.preparation of an anchor bolt-fixing capsule using the 

same] 

100 Parts by weight of benzoyl peroxide, which had 

been diluted with calcium sulfate to a concentration of 

40 % by weight, 25 parts by weight of water, and 8 

parts by weight of amylopectin as a shaping agent were 

mixed with each other to thereby obtain a clay-like 

10 mixture. The obtained clay-like mixture was shaped 

into spherical granules having an average diameter of 3 

mm by means of a High Performance Pill-Making Machine 

(manufactured and sold by Koike Iron Works, Ltd., 

Japan). The obtained granules were dried at room 

15 temperature for 3 hours and then at 60 °c for 1 hour. 

The dried granules were dipped in 8.7 g of the curable 

composition (A-2) obtained in Example 3, which was 

contained in a laminate film casing having an opening 

(the casing was obtained by double-folding a rectangu-

20 lar laminate film of polyethylene/polyethylene­

terephthalate/aluminum/polyethylene (length: 120 mm; 

width: 53.4 mm; thickness: 100 µm) along the lo~gitu­

dinal direction thereof, and sealing a longitudinal 

opening extending along the long side of the resultant 

25 double-folded rectangular film, which side is posi-
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tioned opposite to the other side corresponding to the 

fold of the rectangular film, and one of the short-side 

openings of the double-folded rectangular film), there­

by obtaining in the laminate film casing an anchor 

5 bolt-fixing composition having granules of the coated 

granular curing agent. Then, some of the granules of 

the coated granular curing agent were taken out from 

the obtained composition and it was visually observed 

tnat each.of the granules of the coated granular curing 

10 agent had a layer of a cured resin on an entire surf ace. 

thereof. 

The opening of the laminate film casing containing 

the anchor bolt-fixing composition was sealed, to 

thereby obtain an anchor bolt-fixing capsule as shown 

15 in Fig. 2. Then, an anchor bolt was fixed into a hole 

of the concrete block, using the obtained anchor bolt­

fixing capsule, and the fixation strength between the 

anchor bolt and the hole of ·the concrete block was 

measured in substantially the same manner as in Example 

20 1. Results are shown in Table 1, together with the 

results of the evaluation of the coated granular curing 

agent with respect to ease of handling. The shelf life 

of the anchor bolt-fixing capsule was more than 2 

years. 

25 
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Example 5 

[Preparation of coated granular curing agent (B-3)] 

100 Parts by weight of benzoyl peroxide, which had 

been diluted with calcium sulfate to a.concentration of 

5 40 % by weight, 0.1 part by weight of carboxymethyl 

cellulose as a shaping agent, 5 parts by weight (in 

terms of solids content) of a styrene-butadiene (SB) 

latex, and 45 parts by weight of water were mixed with 

each other. to thereby obtain a siurry. The obtained 

10 slurry was shaped into granules having a diameter of 

0.1 to 0.4 mm (average diameter: 0.25 mm) at room 

temperature by means of a MOHNO ROBO DISPENSER (manu­

factured_ and sold by Heishin Engineering & Equipment 

Co., Ltd., Japan). The obtained granules were dried at 

15 60 °C for 2 hours. Then, the dried granules were 

dipped in 300 cc of the curable composition (A-2) in a 

500 cc-beaker, and the whole was stirred at 30 °c for 

30 minutes by means of a stirrer to form a layer of a 

cured resin derived from curable composition (A-2) on. 

20 the entire surface·of each of the granules, thereby 

obtaining granules of coated granular curing agent (B-

3). The obtained granules of the coated granular agent 

(B-3) were taken out from the curable composition (A-2) 

and it was visually observed that each granule had the 

25 layer of the cured resin on the entire surface thereof. 
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[Preparations of an anchor· bolt-fixing composition and 

an anchor bolt-fixing capsule] 

An anchor bolt-fixing composition and an anchor 

bolt-fixing capsule were obtained in substantially the 

5 same manner as in Example 1, except that use was made 

of 2.0 g of the granules of the coated granular curing 

agent (B-3). Then, an anchor bolt was fixed into a 

hole of the concrete block, using the obtained anchor 

bolt-~ixing capsule, and the fixation strength between 

10 an·anchor bolt and the hole of the concrete.block was­

measured in substantially the same manner as in Example 

1. Results are shown in Table 1, together with the 

results of the evaluation of the coated granular curing 

agent (B-3) with respect to ease of handling. 

15 

Comparative Example 2 

8.7 g of the curable composition (A-1) obtained in 

Example 1 was charged into an opaque cylindrical phe­

nol-resin tube having an opening, and having an outer 

20 diameter of 17.0 mm, a wall thickness of 0.8 mm and a 

length of 130 mm. Then, a rod-shaped curing agent 

obtained in substantially the same manner as in Com­

parative Example 1 was inserted into the above-men­

tioned tube. Subsequently, 24 g of magnesia clinker 

25 having a diameter of 1.5 mm to 3.0 mm (average diamet-
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er: 2.4 mm) as an aggregate was further charged into 

the above-mentioned tube and then the opening of the 

tube was sealed by means of a polyethylene cap, to 

thereby obtain an anchor bolt-fixing capsule as shown 

5 in Fig. 3. Then, an anchor bolt was fixed .fnto a hole 

of the concrete block, using the obtained anchor bolt­

fixing capsule, and the fixation strength between the 

anchor bolt and the hole of the concrete block was 

measured in substantially the same manner as in Example 

10 1. Results are shown in Table 1, together with the 

results of the evaluation of the rod-shaped curing 

agent (A-1) with respect to ease of handling. The 

shelf life of the anchor bolt-fixing capsule was 4 

months. 

15 

20 

25 
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Table 1 

Fixation strength (ton) Ease of 
handling 

Anchor Measure- Average of 
bolt- ment of the coated, 
fixation value measure- shaped 
test No. ment curing 

values agent 

1 11.5 
Example 1 2 11.2 11.5 0 

3 11.8 - -. 

1 7.6 
Example 2 ·2 8.0 7.7 0 

3 7.5 

Comparative 1 6.5 
Example 1 2 3.2 5.5 x 

3 5.8 

1 12.1 
Example 3 2 11.4 11.7 0 

3 11.5 

1 11.8 
Example 4 2 11.9 11.8 0 

3 11.8 

1 11.0 
Example 5 2 10.1 10.5 0 

3 10.4 

Comparative 1 10.8 
Example 2 2 8.6 9.5 x 

3 9.2 
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INDUSTRIAL APPLICABILITY 

The coated granular curing agent of the present 

invention is advantageous not only in that the curing 

agent can be handled with ease, but also in that the 

5 curing agent can be uniformly dispersed in a radically 

curable compound, so that it exhibits excellent curing 

performance. Therefore, the coated granular curing 

agent of the present invention can be advantageously 

used as a.curing agent for a radically curable resin 

10 and/or a radically polymerizable monomer, which is used 

in various fields, such as a water-transmitting resin 

mortar and a casting resin. Especially, the curing 

agent of the present invention can be advantageously 

used to provide an excellent anchor bolt-fixing compo-

, 15 sition which not only has a long life, but also is 

capable of fixing an anchor bolt to a base while enjoy­

ing high fixation strength. 

20 

25 
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Claims 

1. A coated granular curing agent, which is for use 

in curing at least one first radically curable compound 

selected from the group consisting of a radically 

5 curable resin and a radically polymerizable monomer and 

which comprises an organic peroxide granule, wherein 

said organic peroxide granule has an entire surf ace · 

thereof coated with a layer of a cured resin derived 

from- at least one second radically curable compound 

10 selected from the group consisting of a radically 

curable resin and a radically polymerizable monomer, 

and wherein said first and second radically curable 

compounds are the same or different. 

15 2. The curing agent according to claim l, wherein 

each of said first and second radically curable com-

pounds is independently selected from the group con-

sisting of an epoxy acrylate resin, a polyester 

acrylate resin, an acrylic urethane resin, an unsatu-

20 rated polyester resin, a multifunctional carboxylic 

ester and a mixture thereof. 

3. The curing agent according to claim 1, wherein 

said organic peroxide granule comprises at least one 

25 organic peroxide selected from the group consisting of 

. " ... · ... ···-··-:-•:- ... -:·~··-
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a hydroperoxide, a dialkyl peroxide, a diacyl peroxide, 

a ketone peroxide, an oxycarbonate, a peroxyketal and a 

peroxyester. 

4. The curing agent according to claim 1, ·wherein 

said curing agent has a diameter of from 0.5 to 15.0 

mm, and the thickness of said layer of the cured resin 

is 0.3 to 40 %, based on. the diameter of said curing 

agent. 

5. An anchor bolt-fixing composition, comprising: 

(1) a curable composition comprising at least one 

first radically curable compound selected from the 

group consisting of a radically curable resin and a 

15 radically polymerizable monomer, and a cure accelera-

tor; and 

(2) a plurality of granules of a coated granular 

curing agent for said curable composition (1), said 

granular curing agent comprising an organic peroxide 

20 granule, wherein said organic peroxide granule has an 

entire surface thereof coated with a layer of a cured 

resin derived from at least one second radically cur-

able compound selected from the group consisting of a 

radically curable resin and a radically polymerizable 

25 monomer, 



57 
111111111111111111111111111111 

* C L M S * 

wherein said first and second radically curable 

compounds are the same or different. 

6. The composition according to claim 5, wherein said 

s plurality of granules (2) are present in an amount of 

from 0.5 to 20 % by weight, based on the weight of said 

curable composition (1). 

7. The composition according to claim 5 or 6, wherein 

10 each of said first and second radically curable com-

pounds is independently selected from the group con-

sisting of an epoxy acrylate resin, a polyester 

acrylate resin, an acrylic urethane resin, an unsatu-

rated polyester resin, a multifuctional carboxylic 

15 ester and a mixture thereof. 

20 

8. The composition according to any one of claims 5 

to 7, wherein said first and second radically curable 

compounds are the same. 

9. The composition according to any one of claims 5 

to 8, wherein said organic peroxide granule comprises 

at least one organic peroxide selected from the group 

consisting of a hydroperoxide, a dialkyl peroxide, a 

25 diacyl peroxide, a ketone peroxide, an oxycarbonate, a 
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10. The composition according to any one of claims 5 

to 9, wherein each of said granules (2) independently 

5 has a diameter of from 0.5 to 15.0 mm, and wherein the 

layer of said cured resin of each of said granules (2) 

independently has a thickness of from 0.3 to 40 %, 

based on the diameter of each granule. 

10 11.. The composition according to any one of claims 5 

to 10, wherein said curable composition (1) further 

comprises an aggregate. 

12. An anchor bolt-fixing capsule comprising a casing 

15 having a sealed construction and an anchor bolt-fixing 

composition according to any one of claims 5 to 11 

which is contained in said casing, said casing be{ng 

breakable by the action of an anchor bolt when the 

anchor bolt is applied to the capsule. 

20 

13. A method for producing an anchor bolt-fixing 

composition according to claim 8, comprising mixing a 

curable composition, which is in a viscous liquid form 

and which comprises at least one radically curable 

25 compound selected from the group consisting of a radi-
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cally curable.resin and a radically polyrnerizable 

monomer, and a cure accelerator, with a plurality of 

organic peroxide granules, to thereby form a layer of a 

cured resin on the entire surf ace of each of said 

s organic peroxide granules, wherein said cured resin is 

derived from said radically curable compound contained 

in the curable composition. 

14. The method according to claim 13, wherein said 

10 curable composition further comprises an aggregate. 

15 

20 

25 


