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SMOKE FUMIGANT FORMULATIONS

The present invention relates to an .
insecticidal and acaricidal smoke fumigant foﬁnulation,
which Ls partlcularly useful for indoor uses.;f

For many years, mosquito coils and electrlc
mosquito mats have widely been used to exterm;nate
mosquitos, but they are not effective against-oedbugs,
house ticks (Ornithonxssus bacoti), cockroachee;

‘For extermination of bedbugs, house.ticks,
cockroaches, etc., jet-type smoke fumigant formulations
have been:developed. |

. In conventional jet-type smoke fumigant
formulations, an active ingredient -- which ieimixed
with a empking agent -- is jetted by the ignition of
the smoking agent. The oonventional jet-type?Smoke
fumlgant formulations do not exert sufficient insecti-
cidal effects of the active ingredient because a
consxderable amount of the active ‘ingredient . contalned
in the: jet—type smoke fumlgant formulatlons LS
decompoeed by the heat generated from the combustion of
the smoking agent, and because the combustion temper-
ature ofethe formulations is controlled to rather low
from tne standpoint of safety, and, hence, so is the
vaporizing rate of the active ingredient. |

' Accordingly, there has been a strong demand

for the;development of smoke fum'gant"jo;muiations,.
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- which céh'safely be burned to release the active
_ ingrediént_ét a high vaporizing rate, thereby exerting
- a potenﬁ'insecticidal and acaricidal effects against

: bedbugs, ‘house ticks, cockroaches, etc.

In order to develop much more effective and

;'safe lnsectlcxdal and acarxcxdal smoke fumigant

formulatlons, the present anentors have extensively

- studied, and, as a result, lnvented an insecticidal and.

_ acariciﬁal smoke fumigant formulation, which comprises:

(A) 1 ﬁ;rt by weight of granules A comprising 5 to 20

- parts bj‘weight of at least one pyrethroid compound as

" an active ingredient;

10 to ZO-Qarts by weight of at léast one inflammable

_ substangévselected from the groﬁp consisting of

: celluloid and polyvinyl nitrate; and

5 to Sﬂgparts by weight of at least one organic blowing

. agent selected from the group consisting of azodi-

carbonaﬁide, dinitrosopentamethflenetetramine and

' azobisiéobutyronitrile, the bulk specific gravity of

the gr&ﬁﬁles A being 0.3 to 0.9, preferably 0.3 to 0.6;
and (B) ‘0.5 to 4 parts by welght, preferably 1 to 3
parts by welght, of granules B comprLSLng 10 to 20
parts bthexght of potassium perchlorate, 3 to 8 parts
by weidﬁpfof potassium nitrate'énd/or 1 to 5 parts by
weighﬁféf potassium chlorate, 7 to 20 parts by weightl
of at'ieast one burning agent selected from the group
consisﬁing of starch, lactose;?éellulose, sucrose,

glucosé"ﬁrﬁctose and mannitol, '3 to 8 parts by weight
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of at leaégﬂone heat generation-regulating agents
selected from the group cons;stlng of guanidine
nitrate, dlcyandlamlde, phosphoric guanylurea and
guanidineﬁ§plfamate, 15 to 30 parts by weight of at
least oneéperchlorate-decomposingIeid selected from the
group cons;stlng of potassium chlorlde, triiron
tetroxlde, sodlum chlorlde, copper. oxide, chromium
oxide, lron ox1de, iron chlorlde,_actlve carbon and
ferrocene;éed 20 to 50 parts by_weight of at least one
inorganicéfiller selected from the'group consisting of
aluminum:é#ide, clay, perlite, diatomaceous earth and
talc, thefbhlk specific gravity of the granules B being
0.5 to 1.1;5preferably 0.6 to 1.0..

-imhe insecticidal and acaricidal smoke
fumigantlﬁbimulations of the present invention have
advantageéefhat the active ingredient is very effec-
tively vaéerized, with little decomposition, by the’

combustlon of the formulation, and exerts a strong

-1nsect1c1dal and acaricidal effect against said pests,

and that they can safely be used indoors since their
combust;qg;;s.relatlvely mild and the combustion
temperat&%eiis relatively low. :

fifhe present invention will be illustrated
below. | ﬁ

”afhe pyrethroid compounde which may be used in
the inseéﬁiéidal and acaricidal smoke fumigant formula-
tion of the present invention lnclude, for example,

cyphenothrxn [ (RS)-a-cyano-3-phenoxybenzyl (1R)-
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cis,trans-chrysanthemate}], allethrin [(RS)-3-allyl-2-
methyl-4-oxocyclopent-2-enyl (1lRS)-cis,trans-chrysan-
themate], prallethrin [(S)-2-methyl-4-oxo-3-(2-
propynyl)cyclopent-2-enyl (1lR)-cis,trans-chrysanthe-
mate], tetramethrin [N-(3,4,5,6-tetrahydrophthalimido-
methyl (1RS)—cis,trans—cﬁrysanthemate], resmethrin [5-
benzyl-3-furylmethyl (1lRS)-cis,trans-chrysanthemate],
d-phenothrin [3-phenoxybenzyl (1lR)-cis,trans-
chrysanthemate]} permethfin (3-phenoxybenzyl (1RS)-
cis,trans-3-(2,2-dichlorovinyl)-2,2-dimethylcyclo-
propanecarboxylate], fenvalerate [(RS)-a-cyano-3-
phenoxybenzyl (RS)-2-(4-chlorophenyl)-3-methyl-
butyrate], fenpropathrin [(RS)-a-cyano-3-phenoxybenzyl
2,2,3,3-tetramethylcyclopropanecarboxylate}], trans-
fluthrin (benfluthrin) [2,3,5,6-tetrafluorobenzyl (1R)-
trans-3-(2,2-dichlorovinyl)-2,2-dimethylcyclopropane-
carboxylate], cypermethrin [(RS)-a-cyano-3-phenoxy-
benzyl (lRS)-cis,transf3-(2,2-dichlorovinyl)-2,2-

dimethylcyclopropanecarboxylate], deltamethrin [(S)-a-

cyano-3-phenoxybenzyl (1lR)-cis-3-(2,2-dibromovinyl)-

2,2-dimethylcyclopropanecarboxylate],'optical isomers
and stereoisomers of these compounds and mixtures
thereof.

In the granules A described above, the mixing
ratio of the pyrethroid compound as an active '
ingredient and the inflammable substance is preferébly
1 to 0.8-2 (weight ratio).

The celluloid used as the inflammable
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or the granules A include the celluloid
solid solutions of nitrocellulose with

' such ‘as tricresyl phosphate, dibutyl

ﬁaQiributyl acetylcitr;te. It is preferred
égu;gs?A'contain further components, i.e. a
tégiliiing agent and é heat generation-

' ggéég;_'The amount of  the former agent is
 “#t$¥§i,weight of at least one diphenylamine,
S a;ip;;methyl centralit and 2-nitrodiphenyl-

the?amount of the latter agent is 3 to 15

predeterm;ngdéémoﬁnts of the above components and a
ount of water or a lower alcohol (e.g.

25
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preferré&?ﬁo'add 0.1 to 4 parts by weight, more
preferagif_OgS to 3 parts by weight of a thickening
agent (eiéf methyl cellulose, hydroxypropylmethyl
cellulose) as a granulation aid.

The particle size of the granules A thus

obtarned lS usually 0 5 to 3.5 mm, preferably 1.0 to

2.5 mm.

..-,The granules B described above may contain

0.1 to 4;Parts by weight, preferably 0.5 to 3 parts by

weight,efia thickening agent (e.g. methyl cellulose,

hydroxyﬁfépylmethyl cellulose) ae-a granulation aid.
In prodﬁgihg the granules B, usually, the predetermined
amount-dfﬁfhe above components and a suitable amount of
water are mlxed and kneaded together, and the resulting
mlxture lS granulated into granules and then dried the
granules accordlng to the usual method.

| The particle size of the granules B thus

obtalnedfrs usually 0.5 to 3.5 mm, preferably 1.0 to

2.5 mm.

-hé‘smoke fumigant formulations of the

present£ nVeﬁtien are usually prepared by packing each
or a mrx.are of the thus obtained granules A and B into
a contarﬂer (e g., paper cylxnder), and then setting an
lgnltrng,agent such as a formed_qhermlt.

. By igniting the smoke fumigant formulation of
the preéent invention, the vapor of the active ingredi-

ent is efficiently spread in a moment in a large space.

Thus, formulation'of the present invention can
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effectiﬁély exterminate not only mosquitos or flies but
also inségitary pests such as'bedbugs, house ticks, or
cockroaches hiding behind or under furnitures or other

things. Mpreovér, from the standpoint of possibility

of causing fires, the smoke fumigant formulation of the

present ‘invention is safe and, hence, particularly

suited for indoor uses.

 The present invention will be illustrated
more spgéifically with reference to the following
exampleé énd comparative examples, but it is not to be
interpretéd as being limited to these examples.

[.;In each example, all parts mean a part by

weight. -

Example 1 '

| :Thé granules A having a bulk specific gravity
of 0.4 was obtained by mixing 15 parts of cyphenothrin,
17 parts 6f cellulcid, 28 parts of azodicarbonamide,
0.4 part-@f diphenylamine (hereinafter referred to as
DPA), 29.1 parts of perlite and;lo parts of zinc oxide,
kneadihékénd mixing the resultiﬁg.mixture with 0.5 part
of methjl,cellulose and a suitabie amount of water,
granulating the resulting mixture according to a usual
method,:apd then drying the granﬁles.

f.'The granuies B having a bulk specific gravity
of 0.92 were obtained by mixingilo parts of potassium
perchlorate, 3 parts of potassidm chlorate, 10 parts of

lactose, 6 parts of guanidine nitrate, 10 parts of
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potassigﬁfchloride, 15 parts of triiron tetroxide, 20

_%Chluminum oxide and 25 parts of kaolin clay,

usual'm_ﬁhod, and then drying the granules.

A smoke fumigant formulation was obtained by

puttingfio.o g of the granules A obtained above in a

container (diameter 36 mm; height 80
mm), 1 ying a glass wool net on the granules A and then

puttiééfls.o g of the granules B on the net. The,

rizing rate of the active ingredient (cyphenothrin)

'ihﬁ.according to the following method to find that

it was 78%.

In measuring the vaporizing rate, an

instrument shown in Fig. 1 was used. One hundred grams

ca gel is packed in a glass filter 3 and the
low .=par; of the glass filter is connectéd to a
su¢€idﬁ pump.

- The ignited smoke fumigant formulation was
imméééptely placed on a wire net 2a in the body 2 of a

container, and the body was covered with a covering

1. An air-drawing cock 4 is opened, and the




10

15

20

25

- 9 ;"

generated smoke was suctioned at a rate of 25 ml/min.

from the_iswer part of the glass filter.

| After thirty seconds from the completion of
fuming oflﬁhe smoke fuﬁiqant formulation, suction was
stopped; “The insides of the covering container 1, the
body 2 of the container and the glass filter 3 were
washed with acetone, and the washings and an acetone
extract obtained by extracting the silica gel in the
glass filter 3 with acetone were combined. The amount

of the CQllected active ingredient contained in the

. combined acetone solution was measured by gas chromato-

graphy, and the vaporizing rate of the active

ingredient was calculated according to the following

equation:
: amount of the collected
vaporizing - active ingredient
rate (%) = x 100
- amount of the active ingredient
in the smoke fumigant formulation
Example ?

fhe granules A having a bulk specific gravity
of 0.34 were obtained by mixing 15 parts of cypheno-
thrin, 19 parts of celluloid, 32 parts of azodicarbon-
amide, 0.4 part of DPA, 23.1 parts of perlite and 10
parts of zinc oxide, kneading and mixing the resulting
mixture with 0.5 part of methyl cellulose and a
suitableaaﬁount of water, granulating the resulting

mixture according to a usual method, and then drying
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|
the granﬁles. |

'éﬁe granules B having a'Bulk specific gravity
of 0.8 were obtained by mixing 10 parts of potassium
perchlorate, 3 parts of potassxum chlorate, 10 parts of
lactose,as parts of guanidine nitrate, 10 parts of
potassiu@lghloride, 15 parts of t:iiron tetroxide, 20
parts offaluminum oxide and 25 parts of kaolin clay,
kneadingéand mixing the resulting mixture with 1 part
of methyl cellulose and a suitable amount of water,
granulatxng the resulting mixture accordxng to a usual
methed, and then drying the granules.

In the same manner as in Example 1, the smoke
fumigant’fermulation was obtained by packing a cylin-
drical paéer container with 10.5 g of the granules A
and 16. 0 g of the granules B, both of which were

cbtained: above. The vaporizing rate of the cypheno-

thrin oﬁ:this smoke fumigant formulation was measured

by the same,method as used in Example 1 to find that it

was 70%..

Example;3_.

e.The granules A having'a'bulk specific gravity
of 0.31 were obtained by mixing 20 parts of cypheno-
thrin, ;9'parts of celluloid, 32 parts of azodicarbon-
amide, 0.4 part of DPA, 18.1 parts of perlite and 10
parts of zinc oxide, kneading and;mixing the resulting
mixture-with 0.5 part of methyl eellulose and a

suitableﬁaypunt of water, granulating the resulting
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mixtﬁre acéo:ding to a usual method, and then drying
the grandi;g:
| fﬁihe.granules B having a bulk specific gravity

of 0.8 wéfe”optained by mixing 10 parts of potassium

.perchloréﬁe} 3 parts of potassium chlorate, 10 parts of

1actose,fﬁfparts of guanidine nitrate, 10 parts of

pdtassiuﬁichloride, 15 parts of triiron tetroxide, 20

- parts offéluminum oxide and 25 parts of kaolin clay,

kneadingf&nd mixing the resulting mixture with 1 part
of methyl?cellulose and a suitable amount of water,
granulagiﬂgjthe resulting mixture according to a usual
method, ;@d-then drying the granules.

ftln_the same manner as in Example 1, the smoke
fumigantﬁfqrmulation was obtained by packing a cylin-
drical péﬁér.container with 10.5 g of the granules A
and 16.0f§ o£-tﬁe granules B, both of which were
obtainediéé.ébové. The vaporizing rate of cyphenothrin
of this.éébke'fumigant formulation was measured by the
same meﬁﬁédfas used in Example 1 to find that it was

75%.

: Example 1

1'; Thé3g#anules A having a bulk specific.gravity
of 0.32jyéfeLobtained according to Example 1. The
granulesgﬁ having a bulk specific gravity of 0.7 were
obtainéééﬁy mixing 17.5 parts of celluloid, 18 parts of
guanidiéﬁ}nitrate, 5 parts of copper oxide, 5 parts of

de ‘and 53.5 parts of kaolin clay, kneading
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and mzxxnézthe resulting mixture with 1 part of methyl
cellulose ,d a suitable amount of water, granulating
the resulq_ng mixture according to a usual method, and
then drylné ‘the granules.

_In the same mannerxr as in Example 1, the smoke

fumlgant f rmulatlon for comparison was obtained by

packlng-a@cyllndrlcal paper container w1th 11.0 g of
the granules A and 16.0 g of the granules B, both of

which were obtalned above. 1In this case, the granulee

B do not- ntaln potassium perchlorate, potassium

nitrate or potassxum chlorate and a particular burning

agent unl“ke the smoke fumigant formulation of the

present . ln”entlon The wvaporizing rate of cyphenothrin

of this s?oke fumigant formulation was measured by the

same meth!QTas used in Example 1 to find that it was

46%.

Comparatime'ﬁxample 2

he granules A having a bulk specific gfavity

of 0.3 were obtained by mixing 20 parts of cypheno-
thrin, 75 &rts of azodicarbonamide and 4 parts of zinc
oxide, knﬁadlng and mixing the resulting mixture with 1

part of hydroxypropylmethyl cellulose and a suitable

amount Qﬁ yater, granulating the resulting mixture
according:.to a usual method, and then drying the
granules, ' The granules B having a bulk specific

gravitylpg.o.e were obtained according to Example 1.

umigant formulation for comparison was
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'dbtainedﬁby ﬁixingllo.s g of the granules A and 16.0 g

les B, both of which were obtained above,
é_cylindricél paper container (diameter 33
;::;;250 mm)_with the resulting mixture. 1In this
anﬁles A do not contain the particular
:3ﬂféubstance unlike the smoke fumigant

fof the'present invention. The vaporizing

rate of cyphenothrln of this comparative smoke fumigant

formulat'on was measured by the same method as used in

-Exampleal ;9 find that it was 38%.

Example 4
The smoke fumigant formulations were obtained

;H;;.3 g of each of the granules A having a

ic g;avity of from 0.32 to 0.65 and 16.0 g

of the gféh@les B having a bulk specific gravity of

0.9, all»oiﬁwhich were produced according to Example 1,

and pack’lgFa cylindrical paper container (diameter 33

mm, height S50 mm) with the resulting mixture. The

vaporizi _;géte of cyphenothrin of these smoke fumigant

:formnlajf %;was measured by the same method as used in

Exampleﬁ;QT-The results are shown in Table 1.
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Table 1
m

Bulk specific Vaporizing

gravity of the rate

granules B (%)

0.90 70.1
0.90 73.0
0.90 71.0
0.90 65.0

0.90 60.0

:les A having a bulk specific gravity of 0.4,
ch were produced according to Example 1, and
#ylindrical paper container (diameter 33 mm,
mm) with the resulting mixture. The vaporiz-
f cyphenothrin of these smoke fumigant

10 - formulations was measured by the same method as used in

The results are shown in Table 2.
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Table 2
Bulk spédifié Bulk specifié! : Vaporizing
' gravity of the gravity of the rate
granules A granules B - (%)
0.40 0.60 : - 61.8
0.40 0.77 63.0
0.40 0.82 67.3 |
0.40 0.90 73.0
0.40 1.00 70.0
S —

Example 6

11.3 g of the granules A having a bulk
specific gravity of 0.4 and the varying amounts
described in Table 2 of the granules B having a bulk
specific gravity of 0.9, all of wﬁich were produced |
according to Example 1, were mixed in the weight ratio
of from 1;0.8 to 1:3.5. Thereaf;ér, the smoke fumigant

formulations were produced- by péﬁfing cylindrical paper

containers (diameter 33 m) with ﬁ#e mixture obtained
above. The vaporizing rates of ;iphenothrin of these
smoke fumigant formulations weté_%éasured by the same
method as used in Example 1. fﬁ%?results are shown in

Table 3.
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Table 3 '

Granules . Granules . .~ -AsB 1 “eylindrical - -| . Vaporizing
A B (weight ratio) paper container rate (%)
- ' (mm)

11.3 9.0 1:0.8 50 50.1

11.3 11.3 1:1 50 53.4

11.3 17.0 1:1.5 50 66.8

11.3 22.6 50 64.5

- 9T -

11.3 28.3 1:12.5 | 70 _ 58.5

11.3 33.9 1:3.0 70 54.1

g g v 9 g u W
O @ Q@ Q@ O a9
s
N
(=]

11.3 39.6 1:3.5 70 51.7
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‘An example of an insectic¢idal test using the
.smoke fumigant formulation of the present invention will

‘be shown: below.

_Example_? 

131In a lafge'chamber which is a rectangular
'paralleiépiped having a floor area of 300 cm x 400 cm
and a héight of 230 cm were put two plastic cups 10
which cgggéined 10 German cockroaches (Blattella -
;ge:manie;JTand two plastic cups 1; which contained 5
American%ééckroaches (Periglaneta americana) as shown in
Fig. 2.5%$§parate1y, a corrugated cardboard box 12 of 30
cm x 301§mfx 30 cm was prepared, and a slit of 5 mm x 10
cm was géﬁé at each central part of four sides of the
box so ﬁggt'it was parallel to the floor. Tﬁe box was
then sei?b@_the.floor of the chamber. Further, one
plastic:éﬁﬁ'containing 10 German cockroaches and one
plastic;éhp.cbntaining 5 American cockroaches were also
put in ;@is co:rugated cardboard box. The smoke
'fumigantfformulation obtained in Example 1 was ignited
and putisn_the ceﬁter 13 of the floor of the chamber,
and the i§side of.the large chamber was smoke fumigated.
After 3¥gburs, the cockroaches were taken out of each
plasti¢ §gp and transferred to a clean container
containiﬁg'bdit and water. After 3 days, the condition,
dead oigglive, of the cockroaches were observed.

:% As a result, it was found that the mortality

of the'tégg cockroaches was 100%.
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:ﬁ?hat is, the cockroaches could be effectively
controllé&ybecause the generated éhoke fumigant entered
the corrégated cardboard box even through the slits made

in the box.

BRIEF DESCRIPTION OF THE DRAWINGS
| ;-Fig. 1 is a sectional view of the instrument
used to méasure the vaporizing rate of the smoke -
fumigantgfbrmulations of the present invention in
Examplesilﬂto 6 and Comparative Examples 1 and 2.
"fig. 2 is an illustrative view of the large
chamber used to confirm the cockroach-controlling effect

in Example 7.

1. Coveﬁing container
2. Boinof the container
2a. Wire net
3. Glasé filter
4. Air?drawing cock.
10. Pléstic cup containing German cockroaches
11. Plastic cup containing American cockroaches
12. Co?rugated cardboard box
13. Pogition at which the smoke fumigant formulation

was set.
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1. : 7;An;insecticidal and acatiéidal_smoke fumigant
formulation .comprising granules A having a bulk specific

gravity of: 0.3 to 0.9 and granules B having a bulk

specific'jga#ity of 0.5 to 1.1, said granules A compris-

ing 5_to;ébgparts by weight of at least one pyrethroid
compound'éééag active ingredient, 10 to 20 parts by
weight off§£ leést one inflammable substance selected
from théﬁé;éﬁp_consisting of celluloid and polyvinyl
nitrate-aﬁdﬁs-to 50 parts by weight of at least one
organic blowzng agent selected from the group consisting
of azodlcarbonamlde, dxnltrosopentamethylenetetramlne
and azoblsisobutyronltrlle, said granules B comprising
10 to 20 parts by weight of potassium perchlorate, 3 to
8 parts bx;wg;ghg of potassium nitrate and/or 1 to 5
parts:by-ééiéht of potassium chlorate, 7 to 20 parts by
weight'oféé£-1east one burning agent selected from the
group conéigﬁing of starch, lactose, cellulose, sucrose,
glucose, ﬁ?ﬁétose and mannitol, 3 to 8 parts by weight
of at leaéifgne heat generation-regulating agent
selected-f;dm-the group consisting of guanidine nitrate,
dlcyandlamlde, phosphoric guanylurea and guanidine |
sulfamate, 15 to 30 parts by weight of at least one
perchlorate-decompos;ng aid selected from the group
conSLSthg of potassium chloride, triiron tetroxide,
sodium chlorlde, copper oxide, chromium oxide, iron

oxide, Lren chlorxde, active carbon and ferrocene and 20

: Y welght of at least one inorganic filler




_selected from -

~clay, perl e

o mmmmmm;

the group consisting of aluminum oxide,
'diatomaceous éarth and talc, and the

miginga_rgtlonf(weight ratio) of said granules A and

granules B bei

2. A-'-'fofmu.'-l-ation according to Claim 1, wherein the

granules A_ ontain 0.1 to 5 parts by weight of at least

one cellu oid stabilizing agent selected from
dlphenylami ef_ethyl centralit, methyl centralit and 2-
11 phe mine, 3 to 15 parts by weight of at least

one heat ;generation-regulatlng agent selected from

guani@;ne nitrate, dicyandiamide and nitroguanidine, and

0.1 to 4 pé;;s'by_weight of at least one granulation aid

selectéd:fé ‘methyl cellulose and hydroxypropylmethyl

celldIoSe hd fhé granules B contain 0.1 to 4 parts by
welght of at'least one granulation aid selected from

methyl cell.lose and hydroxypropylmethyl cellulose.

3. A for létion according to Claim 1 or 2 wherein the
bulk Epéé: gﬂ révity of the granules A is 0.3 to 0.6.
4. A for ulation according to any one of the preceding

clalms, wh e;n the bulk specific gravity of the granules

B is 0. 6 to 1. 0.

granuies__ he granules B is 1 to 1-3.
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6. A formuléfion according to any one of the preceding
claims, wherein the mixing ratio (weight ratio) of the
pyrethroid coﬁpound and the inflammable substance in the

granules A is 1 to 1-2.

7. A formulation according to any one of the preceding
claims, wherein the pyrethroid compound is cyphenothrin,
allethrin, prallethrin, tétramethrin, resmethrin or d4d-

phenothrin.

8. A formulation according to any one of the preceding
claims wherein the pyrethroid compound is cyphenothrin or

d~phenothrin.

S. A methodiforlcontrolling insects and acarineé which
comprises fumigating a locus where insets and/or acarines
inhabit with a formulation as claimed in any one of

Claims 1 to 8.

10. Use of a formulation according to any one of claims

1l to 8 as.aﬁ insecticide or an acaricide.



