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SPECIFICATION 

AGENTS FOR PREVENTING ADHESION OF AQUATIC ORGANISMS 

TECHNICAL FIELD 

The present invention relates to agents for preventing 

the adhesion of aquatic organisms, particularly to agents 

for preventing the adhesion of harmful aquatic organisms 

such as shells to fishing nets, bottoms of ships, marine 

equipment such as buoys, marine constructions, circulating 

water systems in thermal or atomic power plants, inlet 

channels for heat exchanger cooling water in chemical 

industry, underwater constructions and reservoirs. 

BACKGROUND ART 

Shells and algae, such as blue mussel (Mytilus edulis), 

barnacle (Bal anus sp. } , oyster, Hydrozoa, hydra (Hydra sp. ) , 

serpula (Serpula ~), ascidian, bryozoan, pond snail, sea 

lettuce (Ulva sp.), Enteromorpha - sp. , and Ectocarpus sp. are 

adhered and grown on portions which always contact sea water 

or fresh water, such as fishing nets, bottoms of ships, marine 

equipment such as buoys, marine constructions, thermal or 

atomic power plants, inlet channels for cooling water in 

various fields of industries, underwater constructions, such 

as equipment attached to a dam, and reservoirs. 



• .. 

If those aquatic organisms are adhered to breeding 

nets, openings of nets are clogged. As a result, growth of 

breeding fishes is inhibited with decrease of circulation of 

sea water, resulting in many occurrence o.f fish diseases. 

The adhesion of those aquatic organisms to ships 

causes increase of fl,uid resistance, resulting in decrease of 

navigation speed, increase of fuels consumed, loss of cost 

for cleaning ship bottoms and cost due to suspension of the 

service, and the like. 

In marine equipment, and marine and underwater 

constructions, the adhesion of aquatic organisms invites 

weight increase and considerable disadvantage in handling 

operation. The adhesion to inlet channels causes decrease 

of thermal conductivity, and also causes the problems that 

inlet channels are clogged, and the amount of water intaken 

is decreased. 

Conventionally, in order to prevent the adhesion 

and propagation of marine and fresh water aquatics, 

antifouling coating comprising organic tin compounds such as 

bis(tributyltin) oxide, or copper compounds such as copper 

sulfate or cuprous oxide have been used 

Further, with respect to isocyanuric acid compounds 

which are the active ingredient in the present invention, use 

as a composition for exterminating harmful insects to woody 

materials (agents for exterminating termites) is disclosed in 
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Japanese Patent Application Laid-open No. Sha 54-147924, 

use as a soil treating agent for ant proof is disclosed in 

Japanese Patent Application Laid-open No. Sha 64-3, 

use as ant-proof power wires is disclosed in Japanese Patent 

Application Laid-open No. Hei 2-78110, and use as a repellent 

for phlebotomic insects (repellent for mosquitoes) is disclosed 

in Japanese Patent Application Laid-open No. Hei 4-164003. 

Though being effective in preventing the adhesion of 

aquatics, the above-mentioned organic tin compounds are 

highly toxic, and are especially prone to accumulate in the 

bodies of fishes and shellfishes. .For the sake of promoting 

the environmental pollution, the use of those compounds is now 

under legal controls. 

For example, in the United States of America·, use of 

organic tin ship paints is inhibited to ships of. 65 feet or 

less by the Organic Tin Anti fouling Paint Regulation ( 1987). 

In the United Kingdom, use of tributyltin-containing 

antifouling agents to ships of 25 m or less and marine 

agriculture is inhibited by .the Food and Environment Protection 

Law ( 1987). 

Further, in Japan, tributyl tin oxide is designated as 

a first-class specific chemical substance, 

compounds ?nd tributyl tin compounds are 

second-class chemical substances, according 

and triphenyltin 

specified as a 

to the Chemical 

Subst~nce Examination Rule (Kashinhow) (1990). Use of those 
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compounds are inhibited to fishing nets. 

Furthermore, it is also taken a measure of inhibition 

of the use of tributyltin types for ship bottom coatings 

(Notification by the Ministry of Transportation, 1990). 

The above-mentioned copper compounds are widely used 

as anti fouling coatings for inlet channels and ship bottoms. 

However, since such copper compounds contain heavy metals 

-similar to tin compounds, the use thereof is anxious for 

environmental pollution in. future~ Therefore, it cannot be 

said that such compounds are preferable agents for preventing 

the adhesion of aquatic organisms. 

Further, the above-mentioned Japanese Patent Application 

Laid-opens No. Sho 54-147924, No. Sho 64-3, No. Hei 2-78110 

and No. Hei 4-164003 do not disclose that the isocyanuric acid 

compounds as the active· ingredient in the present invention 

is effective as agents for preventing the adhesion of aquatic 

organisms. 

DISCLOSURE OF THE INVENTION 

As a result of intensive investigations to solve the 

above-mentioned problem, the present inventors have found that 

isocyanuric acid compounds which are a nitrogen-containing 

heterocyclic compound become agents for preventing the 

adhesion of aquatic organisms, which have high safety, 

excellent ability for preventing the adhesion or propagation 
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of aquatic organisms, in particular shells (anti fouling 

capability), and high practicability, and have completed the 

present invention. 

That is, the present invention . relates to agents for 

preventing the adhesion of aquatic organisms, characterized 

by containing at least one isocyanuric acid compound of 

formula (1) 

( 1 ) 

(wherein R1, Ra and Ra each independently represent hydrogen 

atom or a straight or branched alkyl group having 1-8 carbon 

atoms). 

Examples of the alkyl group having 1-8 carbon atoms 

for R 1 , R2 and Ra· in the formula are ·a methyl group, ethyl 

group, n-propyl group, iso-propyl group, n-butyl group, 

iso-butyl group, sec-butyl group, n-pentyl group, sec-pentyl 

group, iso-pentyl group, n-hexyl group; n-heptyl group, 

n-octyl group and 2-ethylhexyl group. 

The compound of the formula (1) can be produced 

according to the conventional method using isocyanuric acid as 

a raw material in the light of methods described in Japanese 

Patent Publications No. Sho 35-17566, No. Sho 36-3985, No. 
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Sho 36-4376, No. Sha 40-2556, No. Sho 40-6635, No. Sho 41-1065, 

No. Sho 42-9345, No. Sho. 42-12913 and so forth. 

Examples of preferred combinations of R1, Ra and Ra 

are described below. 

R1 , Ra and Ra each independently are a straight chain 

or branched alkyl group having 1-8 carbon atoms; 

R1, Rz and Ra are the same straight chain or branched 

alkyl group having 1-8 carbon atoms to each other; 

R1, Rz and Ra each independently are a straight chain 

or branched alkyl group having 1-4 carbon atoms; 

Ri I Rz and Ra are the same straight chain or branched 

alkyl group having 1-4 carbon atoms to each other; 

Ri I Rz and Ra are a methyl group; 

Ra , Rz and Ra are an ethyl. group; 

R1 I R2 and Ra are an n-propyl group; and 

R1 , R2 and Ra are an n-butyl group. 

Examples of the alkyl group having. 1-4 carbon atoms 

are alkyl groups having the corresponding number of carbon 

atoms in the exemplified alkyl group having 1-8 carbon atoms 

mentioned above. 

The isocyanuric acid compound used as the active 

ingredient in the present invention may be constituted of a 

single compound or a mixture of several kinds of isocyanuric 

acid compounds. 

Further, agents for preventing the adhesion of 
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aquatic organisms other than the isocyanuric acid compounds of 

the present invention can be added to the isocyanuric acid 

compound used as the active ingredient in the present 

invention for use. 

The agents for preventing the adhesion of aquatic 

organisms of the present invention can be used by preparing 

it in the form of coatings, solutions, emulsions and the like. 

Preparation . of those coatings, solutions, emulsions 

and the like can employ general formulation usually practiced. 

Where the agents for ·preventing the adhesion of 

aquatic organisms of the present invention are used in the 

form of antifouling coatings, · the isocyanuric acid compound 

which is the active ingredient, for example, is blended with 

a film-forming agent to prepare a coating, and the coating 

is coated on bottoms of ships, marine constructions, intake 

pipe-lines for cooling water or underwater constructions, 

whereby the adhesion and propagation of aquatic organisms 

can be prevented. 

Oi.1 .varnishes, synthetic resins, artificial rubbers 

and the like are used as the film-forming agent (a binder for 

paint). 

If necessary, sol vents, pigment or the 1 ike m_ay be used. 

The solvents used are xylene, toluene, cumene, methyl 

ehtyl ketone, methyl isobutyl ketone, acetone, and the like. 

In the case of preparing the paint, the isocyanuric 
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acid compound as the active ingredient does not have the upper 

limitation on the concentration so long as the paint film can 

be formed, but the compound is blended in the proportion of 

1-50% by weight, preferably 5-20% by weight, based on the 

weight of the antifouling coatings. 

The paint film formed by coating the paint for ship 

bottoms may be a multilayer (or multi-stage peeling type) 

paint film such that the paint film has a smooth surface at 

the time of coating, but where the smooth surface becomes a 

rough surface due to the adhesion of aquatic organisms, the 

paint films are peeled several times by the increase of 

resistance of water fluid, thereby forming a fresh smooth 

surface. By admixture of the agents for preventing· the 

adhesion of aquatic organisms of the present invention, the 

adhesion of aquatic organisms is markedly retarded, and it is 

an expected effect that loss speed of the paint film due to 

peeling is decreased. 

Where the agents for preventing the adhesion of 

aquatic organisms of the present invention are used in the 

form of solutions, a solution is prepared by dissolving the 

isocyanuric 

example, a 

acid compound as the active ingredient in, for 

sol vent together with a film-forming agent, 

and the solution is 

fixed fishing nets 

coated 

or the 

on fishing nets 

like, thereby 

for breeding, 

allowing the_ 

adhesion and propagation of aquatic organisms to be prevented. 
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Examples of the film-forming agent (binder for 

paint) used are synthetic resins, artificial rubbers, natural 

resins, and the like, and examples of the solvent used are 

xylene, toluene, cumene, methyl ethyl ketone, methyl isobutyl 

ketone, acetone and the like. 

Further, if necessary, additive such as plasticizers 

may be added for use. 

In the case of preparing the solution,. the isocyanuric 

acid compound as the active ingredient does not have the 

upper limit on the concentration so long as the solution can 

be formed, but the compound is blended in the proportion of 

1-50% by weight, and preferably 5-30% by weight, based on the 

weight of the solution. 

Where the agents for preventing the adhesion of 

aquatic organisms. of the present invention are usec;t in the 

form of emulsions, surface active agents are added to a 

solution of the isocyanuric acid· compound as the active 

ingredient according to the general method in normally 

preparing emulsions, thereby preparing the desired emulsions. 

The added type and amount of the surface active agents used 

can be selected according to the conventional methods. 

The emulsions thus prepared can be used by mixing in 

raw materials, such as polymeric resins, of fishing nets for 

breeding, fixed fishing nets or the like used in sea or water. 

In the case of preparing emulsion, the isocyanuric 
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acid compound as the active ingredient does not have the upper 

limit on the concentration so long as the solution can be 

formed, but the compound is blended in the proportion of 1-50% 

by weight, preferably 3-30% by weight, based on the weight of 

the solution. 

Further, the above-mentioned solutions or emulsions of 

the present invention can be used by adding to service water, 

reservoir water or the like in order to prevent the 

adhesion and propagation of aquatic organisms in intake 

pipe-lines of cooling water or reservoir. 

BEST MODE OF CARRYING ou·r THE INVENTION 

The present invention will be described specifically 

and in detail below by referring to the examples and 

comparative examples, but the present invention is not limited 

thereto. 

Formulation examples are shown in the case of using 

the agents for preventing the adhesion of aquatic organisms 

as antifouling coatings. 
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Fo~mulation Example 1 

Component 

Isocyanuric acid tri n-propyl ester 

VYHH (vinyl type synthetic resin, 
manufactured by UCC Co., Ltd.) 

Rosin 

Tricresyl phosphate 

Talc 

Barium sulfate 

Red iron oxide 

Xylene 

Methyl isobutyl ketone 

Formulation Example 2 

Component 

Isocyanuric acid tri n-propyl ester 

CR-10 (chlorinated rubber resin, 
manufactured by Asahi Derika Kogyo K.K.) 

Zinc flower 

Talc 

Plasticizer 

Red iron oxide 

Xylene 

1 1 

% by weight 

8 

7 

7 

3 

20 

15 

10 

20 

10 

100 

% by weight 

5 

13 

20 

20 

2 

10 

30 

100 .. 
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Formulation Example 3 

Component 

Isocyanuric acid trimethyl ester 

VYHH (vinyl type synthetic resin, 
manufactured by UCC Co., Ltd.) 

Rosin 

Tricresyl phosphate 

Talc 

Barium sulfate 

Red iron oxide· 

Xylene 

Methyl isobutyl ketone 

Formulation Example 4 

Component 

Isocyanuric acid trimethyl ester 

CR-10 (chlorinated rubber resin, 
manufactured by Asahi Denka Kogyo K.K.) 

Zinc flower 

Talc 

Plasticizer 

Red iron oxide 

Xylene 

1 2 

% by weight 

8 

1 

1 

3 

20 

15 

20 

10 

100 

% by weight 

5 

13 

20 

20 

2 

10 

30 

100 



Formulation Example 5 

Component 

Isocyanuric acid tri n-butyl ester 

VYHH (vinyl type synthetic resin, 

manufactured by UCC Co., Ltd.) 

Rosin 

Tricresyl phosphate 

Talc 

Barium sulfate 

Red iron oxide 

Xylene 

Methyl isobutyl ketone 

Formulation Example 6 

Component 

Isocyanuric acid tri n-butyl ester 

CR-10 (chlorinated rubber resin, 
manufactured by Asahi Denka Kogyo K.K.) 

Zinc flower 

Talc 

Plasticizer 

Red iron oxide 

Xylene 

1 3 

% by weight 

8 

7 

7 

3 

20 

15 

10 

20 

10 

100 

% by weight 

5 

13 

20 

20 

2 

10 

30 

100 
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Formulation Example 7 

Component 

Isocyanuric acid triethyl ester 

VYHH (vinyl type synthetic resin, 
manufactured by UCC Co., Ltd.). 

Rosin 

Tricresyl phosphate 

Talc 

Barium sulfate 

Red iron oxide 

Xylene 

Methyl isobutyl ketone 

Formulation Example 8 

Component 

Isocyanuric acid triethyl ester 

CR-10 (chlorinated rubber resin, 
Manufactured by Asahi Denka Kogyo K.K.) 

Zinc flower 

Talc 

Plasticizer 

Red iron oxide 

Xylene 

1 4 

% by weight 

8 

7 

7 

3 

20 

15 

10 

20 

10 

100 

% by weight 

5 

13 

20 

20 

2 

10 

30 

100 



Next, the formulation examples are shown in the case 

of using as solutions. 

Formulation Example 9 

Component 

Isocyanuric acid tri n-propyl ester 

Rosin WW 

Toyoparax A40 

(Chloroparaffin, manufactured 
by Tosoh Corporation) 

Xylene 

Formulation Example 10 

Component 

Isocyanuric acid tri n-butyl ester 

Rosin WW 

Toyoparax A40 
(Chloroparaffin, manufactured 
by Tosoh Corporation) 

Xylene 

Example 1 

% by weight 

10 

13 

1 

76 

100 

% by weight 

10 

13 

1 

76 

100 

1.6 mg, 0.8 mg and 0.4 mg of isocyanuric acid tri 

n-propyl ester each were completely dissolved in about 1 ml,. 

of acetone, and each of the resulting sample solutions was 
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uniformly coated on a zone having a diameter of 4 cm drawn on 

test paper. 

A zone having only acetone coated on the test paper 

was provided as a blank, and zones having 1.0 mg and 0.5 mg of 

copper sulfate each coated thereon were provided as 

comparative agent. 

After drying, four blue mussel (Mytilus edulis) 

having a shell length of about 2-2.5 cm were adhered to the 

circumference of the respective zones using a rubber piece as 

a spacer. The prepared test plates were dipped in· a water 

tank into which sea water flows, and the tank was allowed to 

stand in a dark place for 3 hours. The test plates were taken 

out of the water tank, and the adhered position of byssus 

of blue mussel (Mytilus edulis) and the number thereof were 

counted. 

In comparison with copper sulfate 

comparative agent, the effect for preventing 

(adhesion repellent activity) was obtained. 

used 

the 

.as the 

adhesion 

The evaluation method of the 

activity was used according to Kazuo 

adhesion repellent 

Ina and Hideo Etoh, 

"Evaluation method of adhesion repellent substances to 

marine adhesion organisms using blue mussel (Mytilus edulis)" 

(Kagaku to Seibutsu (Chemistry and Biology), Vol. 28 (No. 2), 

pages 132-138 (1990)). 

The results are shown in Table 1. 
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Example 2 

The test was conducted in the same manner as in 

Example 1 except that 1. 0 mg and 0. 5 mg of isocyanuric acid 

trimethyl ester were used in place of isocyanuric acid tri 

n-propyl ester. The results are shown in Table 1. 

Example 3 

The test was conducted in the same manner as in 

Example 1 except that 1. 9 mg of isocyanuric acid tri n-butyl 

ester was used in place of isocyanuric acid tri n-propyl 

ester. The results are shown in Table 1. 

Example 4 

The test 

Example 1 except 

was conducted in the same 

that 1.4 mg of isocyanuric 

manner as -in 

acid triethyl 

ester was used in place of isocyanuric acid tri n-propyl ester. 

The results are shown in Table 1. 
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Active Ingredient 

Example 1 

Isocyanuric acid 
tri n~propyl ester 

Example 2 

Isocyanuric acid 
trimethyl ester 

Example 3 

Isocyanuric acid 
tri n-butyl ester 

Example 4 

Isocyanuric acid 
.triethyl ester 

Comparative Agent 

Copper sulfate 

Blank 

Table 1 

Amount of agents (mg) Judgement 

1.6 ++ 

0.8 ++ 

0.4 ++ 

1.0 ++ 

0.5 ++ 

1.9 ++ 

1.4 ++ 

1.0 ++ 

0.5· + 
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It is noted that symbols in the Table have the following 

means: 

++: No adhesion at all in the zone, and strong 

repellent effect is observed. 

+: Adhesion in the zone is observed, but 

adhesion is substantially outside the zone, 

and repellent effect is observed. 

-: Adhesion is observed inside and outside the 

zone to the same extent, and repellent effect 

is not observed. 

Example 5 

-Butyral resin (Eslex BL-2, manufactured by Sekisui 

Chemical Co., Ltd.)" was prepared in 15%W/W using a mixed 

solvent of toluene : methanol = 1 : 1. 

10 mg of isocyanuric acid tri n-propyl ester was 

placed in Disposable Culture Tube ( ~ 12 mm x 75 mm, 

manufactured by Iwaki Glass Co.), and dissolved in 1 ml (about 

700 mg) of the above-mentioned resin solution. The resulting 

solution was coated on a sample zone having a diameter of 5 cm 

drawn on a test plate (polyvinyl chloride plate, 350 x 600 mm). 

A sample zone on which only the above-mentioned resin 

solution was coated was provided as a blank. 

After drying, the test plate was ··dipped in sea at a 

depth of about 1 m at Motimune fishing port of Shizuoka-city. 
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The test plate was periodically taken out of the sea, and the 

adhesion state of organisms was visually observed. 

The presence or absence of antifouling activity was 

represented by day when the adhesion is prevented by 

comparing the adhesion state of organisms in the sample 

zone with the blank. As a result, isocyanuric acid tri 

n-propyl ester showed good antifouling activity for about 60 

days. 

Incidentally, this 

beginning of May in which 

was vigorous. 

Example 6 

test was conducted from the 

activity (adhesion) of organisms 

Butyral resin (Eslex BL-2, manufactured by Sekisui 

Chemical Co., Ltd.) was prepared in 15%W/W using a mixed 

solvent of toluene : methanol = 1 : 1. 

12 mg of isocyanuric acid tri n-butyl ester was placed 

in Disposable Culture Tube ( q, 12 mm x 75 mm, manufactured by 

Iwaki Glass Co.), and dissolved in 1 ml (about 700 mg) of the 

above-mentioned resin solution. The resulting solution was 

coated on a sample zone having a diameter of 5 cm drawn on 

a test plate (polyvinyl chloride plate, 350 x 600 mm). 

A sample zone on which only the above-mentioned resin 

solution was coated was provided as a blank. 

After drying, the test plate was dipped in sea at a 
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depth of about 1 m at Motimune fishing port of Shizuoka-city. 

The test plate was periodically taken out of the sea, and the 

adhesion state of organisms was visually observed. 

The presence or absence of antifouling activity was 

represented by day when the adhesion is prevented by 

comparing the adhesion state of organisms in the sample 

zone with the blank. As a result, isocyanuric acid tri 

n-butyl ester showed good antifouling activity for about 90 

days. 

Incidentally, this test was conducted from the 

beginning of July in which activity (adhesion) of organisms 

was vigorous. 

POSSIBILITY OF INDUSTRIAL APPLICATION 

The agents for preventing the adhesion of aquatic 

organisms containing isocyanuric acid compounds of the 

formula ( 1) as the active ingredient has high safety, and 

also excellent organism adhesion preventing capability 

(antifouling capability) by which the adhesion or propagation 

of aquatic organisms, particularly ~hells, is prevented. 
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CLAIMS \ 1\\\\1 \\~~\\\~\I\\)\\ 1\\1 
.,. t 

1. Agents for preventing the adhesion of aquatic 

organisms, characterized by containing at least one kind of 

isocyanuric acid compounds of formula (1) 

( 1) 

(wherein R1, Ra and Ra each independently represent hydrogen 

atom or a straight chain or branched alkyl group having 1-8 

carbon atoms). 

2. The agents for. preventing the adhesion of aquatic 

organisms as claimed in claim 1, wherein Ri , Ra and Ra each 

independently represent a straight chain or branched alkyl 

group having 1-8 carbon atoms. 

3. The agents for preventing the adhesion of aquatic 

organisms as claimed in claim l, wherein Ri, Ra and Rs are 

the same to each other. 

4. The agents for preventing the adhesion of aquatic 

organisms as claimed in claim 2 or 3, wherein Ri, Ra and Ra 
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\ \11\lll\\\I\\ Ill\\ \\Ill \\ \II\ 
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are a straight chain or branched alkyl group having 1-4 carbon 

atoms. 

5. The agents for preventing the adhesion of aquatic 

organisms as claimed in claim 2, wherein R1 , Ra and Ra are 

a methyl group. 

6. ·The agents for· preventing the adhesion of aquatic 

organisms as· claimed in claim 2, wherein Ri , Rz and Ra are 

an ethyl group. 

7. The agents for preventing the adhesion of aquatic 

organisms as claimed in claim 2, ·wherein R,, Ra and Ra are 

an n-propyl group. 

8. The agents· for . preventing the adhesion of aquatic 

organisms as claimed in claim 2, wherein R,, Ra and Ra are 

an n-butyl group. 

9. Paints, solutions or emulsions containing the agents 

for preventing the adhesion of aquatic organisms as claimed 

in claim 1. 

10. Paints, solutions or emulsions containing the agents 

for preventing the adhesion of aquatic organisms as claimed 
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\ ~llUj 111~) lUll Ill~ II l\ll 
in any of claims 2 to 8. 

11. The paints as claimed in claim 10. 

12. The paints as claimed in claim 11, which are paints 

for ship bottoms. 

13. The paints, solutions or emulsions as claimed in 

claim 10, which are antifouling agents. 

14. The paints for ship J:?ottoms as claimed in claim 12, 

wherein said paints ·for ship -bottoms are multilayer 

(or multi-s·tage peeling type) paints for ship bottoms. 

15. The paints as claimed in claim 11, which are paints 

for inlet channels. 
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