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cide and non-insecticidal phosphate  ester
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may be used as inert diluents are triaryl
phosphates (for example tri-cresyl phosphate,
triphenyl phosphate, tri(p - tertbutylphenyl)
phosphate,  tri(biphenylyl) phosphate, « -
biphenylyl diphenyl phosphate and cresyl
diphenyl phosphate); trialkyl phosphates (for
example tri-n-butyl phosphate, tri-2-cthyl-
bexyl phosphate, tri-n-octyl phosphate and
tri-lauryl phosphate); and mixed phosphates
(for example 2-ethylhexyl diphenyl phos-
phate). These compcunds may be generally
described by the formula

composition of the invention. For example,
it has been found that the stability of both
the macromolecular substance and the phos-
phorus compounds is extended if a stabilizing
amount, preferably 0.1% w to 10% w, of
a phenol is included in the composition; for
example, phenol, p-cresol, m-cresol, hydro-
quinone, resorcinol and pyrogallol are effec-
tive as stabilisers. The phenols are preferably
unsubstituted and alkyl-substituted mono- and
dihydroxybenzenes wherein the alkyl groups
have not more than eight carbon atoms.
Particularly preferred phenols are phenolic
anti-oxidants, for example mononuclear
phenols having a phenolic hydroxyl group
which is hindered by one or more ortho
alky! groups (for example 2,6-dialkyl phenols,
for instance 2,6 - di - tert.butyl-4-methyl
phenol; 2,4,6 - tri-tert.butyl phenol; 2,6-di-
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PVC (a) 15 10/ 24 1.49 1.55 1.91 1.24 0.74
0.52 - - PVC 15 10/ 24 1.05 1. 37
1.13 0.45 0.64 0.31 0.25 0.32 PVC 60 10/ 24
1.08 1.63 1.37 - - 0.41 - - PVC 60
10/ 24 4.54 2.40 0.79 - - - - - PVC
60 10/ 24 - 2.26 1.90 - - - - -
PVC 60 24/ 60 2.52 - 1.26 - - -
; ; VG 60 23359 2460 i 1.25 1.49 -
- - tertbutyl phenok 2 - mettyl J6eSerRl@gk  TheO WP ) examples illustrard Sthe 15 20/ 40
1.31 0. 8irnol; 2,4 -@inpthyl - 6 - tert.butyl. phenol .mventmn, in whichf ampless retheryiss @diber i nent
vl 0] ti y
the bag. ofy fgfzﬁ@&?’?‘%’i“% SR, h«i;ffoh)g gﬁ % AL 10 all
ot her SXPedd % 1Slic a1B zebsa orwaé HHREN @ bdsé@l xF'QheC Ktates Stan In this
exp 'rrgqt?,s t [de - gerebugll e s4 haszﬁrézdyﬁmexf\le machngzef:orrp05| ti on 20
% W, ... *‘methane; bis - (2 - hpjrige ?KbgﬂSG (0.5% H 75
DDVRY: .4 S-methylphenyl) methane and 3,3 -tetrazo To samples o % po dercd polyvmyl chloride
%/ tert. butyl - 0 b1 henyl) (Bakelite QYNV) were added various amounts
2, 6- \D“‘l'b/ €hdphfbIt Yikor 46);5@131 gﬁ)ﬁ, El) m® of dimethyl 2,2 - dichlorovinyl phosphate,
100 / Tdneyl [alcdlsls (br gxswmu B,ésh-meibeylpr Gﬂi,lo:henglxalp:p rveere mechanically mixed 2EXAMPLE
IV Asci a@#ﬁ i epiwlvéggﬁcimqm aff‘tfe’r5 Bfputes. Irhéhese%r@r %Hlsts mhi ity of
dimethyl 2R il AR g BB SR SR B HCh o oviny
phosphat e £oF | at ed on con- ave e apora
Ven.t i onal cl ays was °CQJTP}21E g:h&% %ﬂet hat o Natu}e of the mixture
various pol yvinyl chfori npositions con-
tai ning the phosphate egter. The fol | ow ng dry
results were obtained: 15 q
955, 350 7 %Y
On Granular Clay Carrienrng dry
% of Ester Vat er Content of
After 2 wks. % 25 wet
30 paste
35 fluid
40 fluid
30 These results indicated that polyvinyl Exposure Time, Vaporization Rate,
chloride could absorb up to about 20% w days pg/cm? /hour
of the ester without further treatment.
Each of the wet and fluid mixtures was 0 32
heated to 90° C. 1o 100° C. for ten minutes. 7 13
35 In each case, a firm dry solid was obtained 23 9 60
in this manner. 32 8
Solvent extraction of the ester from these 51 ' 1
materials with chloroform showed that the
ester was not chemically altered by the The foam was generating ester vapour
40 treatment and could be recovered unchanged. long after an equivalent amount of the
ester in liquid form would have evaporated. 65
ExamrLE II : .
A solid foam was prepared having the ExampLe III _
following composition: Granules of 9/24-mesh having the follow-
S w ing composition were prepared:
45 Polyvinyl chloride 62.5 % w
Dimethyl 2,2-dichlorovinyl
phosphate 12.5 Polyvinyl chloride 70 70
Tricresyl phosphate 250 Dimethyl 2,2-dichlorovinyl
—_— phosphate 30
100.0 —_—
100
50 This foam was hung in a duct through
which passed a moving column of room- Samples of the above granules and also of
temperature air. The foam was removed at granules containing Pikes Peak 9H66 (an 75
intervals to determine the rate at which the inorganic carrier material consisting mainly
foam was generating the ester in vapour of silica and alumina), DDVP and 2,6-di-
55 form. The following results were obtained: tert.butyl - 4 - methylphenol in Dacron mesh



Type of C ay Clay, %w Initial at 130[err]F.

Deconposition . Attapulgite. __ __ normal (a) 18.4

5.9 68 Montnorillonite normal (a) 19.1
9.3 51 Montnorillonite 0.5 (specially dried) 18.9
12.7 33 (a) The water contents were normal for stored

cl ays, being between 6 and 10% w. '
Pol yvi nyl ori de Formul ati ons .

% of Ester ! 95330 ARter 2
wks. 0p bags E;(v:ge placed inﬂla condoufit through wiShnpind the r;te of 1%11)'5]2;:? lg$t§r vapaltnr 5&/:‘ TEN
130[err]F s § Fpumn of room ftempera- - genegyth EIReYr poying results 97 .0 of;
25. 6 R QAE AL bt Her removed m‘?ﬂ’f’eoweﬁ%gﬁg}‘beggﬁul es 26.8 N W@-’
23.3 P 13 Powder 18. 3 ~
15.6 15 Foam DDVP Insecticide V: ized (‘ﬁ D,
10.5 7 The| resul tfs of tpe stagfeliilbgsuﬁeaégg;%/g%ov&t at /:’
EXAMPLE VI t he pol yQuaptity ©f| oMedie {conpostti-opfs ohtd

i nsectici dal__coAPEsi ti prFdss grp- Size | HE#Ynpr é stldb) éttihdh e | 42 | 36
formul atiops asyc Raredf by @ xi np @@l fousadol vk | XofPP2d | 730.5 1 cl dys. |
pol ynmeri zefd styrene-al]yl alcohpl Tresijn) with EXAMPLE V
3.6% w of | di iyl 2, p-di &l or pvilf3l [phlo® | 1.37) 1. Nbrfb#erd-64 | Ondit|iya5 | 0.32

net hacryl at e phate. Erom {his,cqnppgi t dryj t har maljl y
pol yneri zed byﬁ@z*nzoyl perg({d de %Pgwabllgﬁdpm\gg% wa jred. 0.41 wi tih 0.{1%

w di et hyl {2, 22w} - chl oy ovi Ayl W24siim4.5¢ [ 29| 0.79 al-ged-\r/i%uen the| 35
10 phosphate i he m kture, The proddct was|, phps ster enpl oyed ifs
5% w di met hyl R a tolgh gory SJIIIB@(Xresi | 12'§ﬁp{'ﬁ parla— | = —

1, 2-di bronp- 2, @i chl of oet byl phogppatie.2,52 | tioh 2 ricl oetihyl | —

nmet hacryl ate con- EXAMPLE V| | inijng 0. 1%{ w di netjhyl
- 2,2 - dic¢hl i A sol fY i npedi¥cildal—cofrh8%| 11 prle— | — i nyl
phosphate yas ggapefl op a steambath |pared by njxin i acrg/l riesi r

(pol yacrol ¢i n)oH64Qb)L5 | unt s it$ 20y48cdsit.g1 hao.sy hcrepsed narkedlly — At —with
an equal vvléi—g-l'rt—-of—d‘i—n%t tyt—22+dt—= trat-—potht—stf-FHerenrt—dt-rethy
2,2-dichloro- ,.c .ovinyl p h From.t.hi ixtyre a . . vinyl
phosphat e vas CoAba s Are et oe vitee St A du ol B A e 8 e

m xture 10% w i n the phosphate. This m x- EXAMPLE VI | |

ture was al | ovibd In ghispapeyimentj the granules Bad the folawing| compasitiopol yvi nyl chl ori de
containing 45 20 168[err]C wuntil a hard, th‘Jﬂgh dry polyneric dinethyl

2, 2-di chl orovi nyl phosphate were product %Was obtai ned. The product was
each hung in a nmesh bagPikes PedkeoH66100.6% KO) msxed with attaclay and

di spersing agents sepglégtvg substantially squaye huts having a and
hanmer-m |l ed three ti A finely volunme of“"at | east about 500 ft[err].
At the end di vi ded pevderbugss-abbagneed i n tshis manner. of tinmes
specified in the followng table, 50 25 A—solid pol ystyrene resin
containing di- nosquitoes were introduced i ntf¥ the huts nmet hyl 2,2 -

di chl orovi nyl phosphate was for 30-m nute exposure. The knockdown and

prepared in the sagne way. , m)rtallt%rates of the
nosaui t oes at ﬁasﬁi ules were producing appre- - XAMPLE IV
q fe' | g of \gpour lonbg& after an . The storage stability of dimethyl-2,2-

each hut wene fvQénin sﬂtﬁ)_dnt bi18ighi@ S thlet Swatlde dichlorovinyl phosphate formulated on con-

present ed in tlee éwpdraadi Nng t abl e: vebiional clays was compared with that of 15
various polyvinyl chloride compositions con-
taining the phosphate ester. The following
results were obtained:



8 955, 350

% Knockdown and Mortality 2 Hs

24 Hrs 48 Hrs 7 Days 15 Days 24/ 60 mesh pol yvinyl chloride
100% 100% 100% 1009% 100% granul es, 30% w DDVP
100% 100% 100% 100% 100% 9/ 24 mesh pol yvi nyl
chl ori de 100% 100% 100% 10096 * 100% gr anul es,
30% w DDVP 100% 100% 955,350 100% 100% 7024)

*  Hi—was—at+-ed—for—5-hours—at-&nd-of 7 days *  Hut was
aired for 8 hours at end of 7 days. _ _ .
EXAMPLE | X The fol | cw Gogoulns@ayt Cetidal powder conposi- powder in 8

x 8 x.8 huts. The results tions were prepared and their _
ef fectijveness obtaifed are presentked 1 r%torgeﬁstre TowWing 5 onjnosqui toes
eval uatied by bringing the table: sigual Toxicity of Plastic
Powder s to Adul { AnqphW¥WhtersColtepi sfanus Mdsq LlAﬁeﬂDe?/ks. %
Exposed t?;y%e?fo@ﬂ s |f or CwvsHe Ut Initial at 130°F. | Decomposition
Ave. % 24&t{§$u1gnwbr t al | tI%l‘l@ﬂﬁ (a) 18.4 5.9 68
I nterval |ndicated Dosape
For mul at iAgytmorillonite norrppl {&) [ err | 19.8ulf ace.3 Fr esisi 1| day 7
days 9 VP - 5% D sacriyl 100 %lass 100
10% Moflﬁﬁéﬂf%@ ?OREA)SPBB@@?C% 758D dacr 9 %0 4 Pl ywood
100 100 100 25% DDVP - 75% Di sacryl ' 100
Mud (@ The@rater contents (ygre normal for s@red clays, beilsBétweD¢fnd 109586 Di sacr yl
200 Mud 108 vinvl Chiori®$: . 0 7.6% DDVP- 15. 2% Aro-
clor(l) 5460 100 Pobvigyl Catont? Formulggos 100 10
(pol yc'hl or i pated—potypheny +—6%—DDVPR-_Novol ac 100
Mid ~ 100 0 %20f Ester 7. 6% DDVP- [PBF Resin,
(f or mal dehyde- hydr ocar bon | }UU After 2 W40 % 100 60
15 Sample e it at 130°F | Decomposition
9/24 mesh granules 27.0 25.6 5
24/60 mesh granules 26.8 23.3 13
Powder 18.3 15.6 15
Foam 11.3 10.5 7
The results of the stability tests show that ExameLe VI

10

15

20

25

the polyvinyl chloride compositions were
much more stable than the formulations on
clays.
ExzampLE V

Monomeric methyl methacrylate was
thermally polymerized by benzoyl peroxide
with 0.1% w dimethyl - 2,2 - di - chlorovinyl
phosphate in the mixture, The product was
a tough dry solid resin. In another prepara-
tion, monomeric methyl methacrylate con-
taining 0.1% w dimethyl - 2,2 - dichloro-
vinyl phosphate was heated on a steam bath
until its viscosity had increased markedly. At
that point, sufficient dimethyl 2,2 - dichloro-
vinyl phosphate was added to render the
mixture 10% w in the phosphate. This mix-
ture was allowed to polymerize at 50°—
168° C. until a hard, tough dry polymeric
product was obtained. The product was
mixed with attaclay and dispersing agents
and hammer-milled three times. A finely
divided powder was obtained in this manner.

A solid polystyrene resin containing di-
methyl 2,2 - dichlorovinyl phosphate was
prepared in the same way.

A solid insecticidal composition was pre-
pared by mixing Resinous Polyol X-450 (a
polymerized styrene-allyl alcohol resin) with
3.6% w of dimethyl 2,2-dichlorovinyl phos-
phate. From this composition a smooth dry
flowable powder was formed.

A similar result is obtained when the
phosphate ester employed is 5% w dimethyl
1,2-dibromo-2,2-dichlorcethyl phosphate.

ExampLE VII

A solid insecticidal composition was pre-
pared by mixing disacryl resin (polyacroiein)
with an equal weight of dimethyl 2,2 - di-
chlorovinyl phosphate. From this mixture a
smooth dry flowable powder was formed.

ExamprLe VIII

Samples of polyvinyl chloride containing
dimethyl 2,2-dichlorovinyl phosphate were
each hung in a mesh bag in the centre of

30

35

40

45

separate substantially square huts having a.

volume of at least about 500 ft5. At the end
of times specified in the following table,
mosquitoes were introduced into the huts
for 30-minute exposure. The knockdown and
mortality rates of the mosquitoes at each time
in each hut were determined; the results are
presented in the following table:

50

55



(1) "Aroclor" is a Registered Trade Mark. 10

EXAMPLE X A liquid Epon (polyepoxide) resin con- sanples _
cont ai nimg 5% 10% 20% and “taining a chlorofl uoroal kane bl ow ng

agent 30% by weight of the insecticide were pre- (Freon 11) was

m xed with dinethyl 2,2- pared. Portions of these sanples were

di chl orovi nyl phosphate, and to the m xture ground to powler in the
hanmer m |l 15 was added an ethyl ene glycol solution of wthout

difficulty. 8 25935350 poron trifluoride sufficient

to make the m x- A sanpl e of the pol yepoxi de foam con- ture 0.1%
win the trifluoride. The m xture taining 20% of the jnsecticide S held
at was stirred until heat was evol ved, @nEndckdowd aideModuliy. f or \éﬁ

ext ended period. The con- began {e—expant-

centration of the phosphate in the fdamB8 |26 Hs || @ Bl 7 PRy s Bpp ~-
pol yepoxi de foam [3,kdGh bR chlokifE] W&S, a3 fofd,] OWaaoo, | 1000, [3Qooe,

955, 350 granules, 309, w DDVP 1009, 0%, .| 1009 1009, 1009,

. s LY. !

-(I)_I e, Days 9/24? m(gih Jgﬁ;%?ﬁﬂl‘%ldQ q 1(():0%{] te nltoogA) 100% 100%** | 100%

90% granules, 307, W DDVP | 100% 1009, 100%, 100% [ -79%

14 72% Simlar results are obtai ned when the
phos- 14 parts of a cHi diusiauegreddbrichherhitort pf7 days- phat e used is di net hyl
1,2 - dibromo - 2,2- ageqt [(ELeak.ldhoies eggﬁg?gi , and with

di chl oroet hyl phosphate. of this was mni xed
varyi ng anmounts Exampi IX of
0
C

15
di et hyl 2, 2-dichl ¢royi,nyl phosphate. 5 . . ook E Xl
srat ‘arounts of abaap iR e it ik Bl
parts Epon 828 5 t bDlindsdaitbed! ¢vhlie@edd Bf Obtinging ftheiOtablde wer e t hen (di gl yci dyl
et her of bis(hydroxyphenyl)pro- mxed with the epoxy m xture. Heat from

pane), 40 parts of EpRAidud ORicifydof Figtit Powdéte o Ndli\GrophelpoAlimahus Mbsduicesn and a

solid 20 mol ecul ar  wei ght pol §wpekitdPeposisfpm) Howr) white foam
expanded by a factor of 7-8 in 10 parts of the diglycidyl ester of m xed
un- volune over {the original mxtufe, was satf Wt dogdiHye Mok thlity B
acids (a mxture o¢f obtained. Foans having |t he fol |jow grebndicated. t he
. . . : : osaged i + i e ,
0d/(l)\rlrver and trimer of Ii nOFlorenlm(faﬁgfl d), andz‘g/agpl ts'ugfgc%pg n]FECFIILa,g FAISCE Ee—
Sanpl e DDVP | 250, DDWM X! t§o€ DisacrBO[ ON1odr i|f | @kd de¢ 100 100 100
1 0.5 97.5 2.0 2
1.0 97.0 |25% DDVP — %5%) Disacryl 100 Plywood 100 100 16 -
89.0 1./850, DDVP — 75% Disacryl | 100 Mud 100 100 0
259, DDVP — 759, Disacryl 200 Mud 100 100 0
7.6% DDVP— 15.2%, Aro-
clor(I) 5460 100 Mud 100 100 10
(polychlorinated polyphenyl)
7.6% DDVP— Novolac 100 Mud 100 0 20
7.6% DDVP— PBF Resin, :
(formaldehyde-hydrocarbon 100 Mud 100 60 15
resin)

() ““Aroclor” is a Registered Trade Mark,

10 ExampLE X
A liquid Epon (polyepoxide) resin con- samples containing 5%, 10%, 20% and
taining a chlorofluorcalkane blowing agent 30% by weight of the insecticide were pre-
(Freon 11) was mixed with dimethyl 2,2- pared. Portions of these samples were
dichlorovinyl phosphate, and to the mixture ground to powder in the hammer mill
15 was added an ethylene glycol solution of without difficulty. 25
boron trifluoride sufficient to make the mix- A sample of the polyepoxide foam con-
ture 0.1% w in the trifluoride. The mixture taining 205 of the insecticide was held at
was stirred until beat was evolved, and it 55°C. for an extended period. The con-
began to expand. centration of the phosphate in the foam as
20 In this way, solid polyepoxide foam a function of time was as follows: 30
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955, 350 Texicity of DDVP foaps to Adult Anophel es Al bi manus

Mosqui t oes 2 Per Cent Mortality at

Weeks I ndicated Sampl e % DDVP  Fresh 1 2 3

4 SinSlar results b& obtained whelpﬂiatﬁhgsL 14 parts & a chlorofluoroaline blowingO 0

0 phate used is-dimethyl 1,2 -dibromo -2,2- agen{l (Freon 11) wasOpfepared, and w&RB 0

8 diclgjoroethyl phosphate. - - samples of this was mixed varying gz_m@mts 15 100

8 44 of dimethyl 2,2-dichlcrovinyl phosphate. 9.2
IQXAMPLE X1 B mall amounts of an ethylede glycol solu- .

100 10 Qre-cured Hkrure ofl4d0parts EQAB28  1ib#) Qontainidd) Boron trifiuoride werét then 4.8

100 (difd@idyl eh@O of bisEP@roxyphehi@fPro- nfiFd with ©OCpoxy mixture. leai fram results are

obt ai nggig%% Pouscat Hpon 1B} derie-t Ricotrghe Axnip 6-IP}§e§°$f:tssr@’t‘f*e;b_%?ﬁT%se

et n@x¥arfs the Fﬁ}nﬁgﬁl&eﬁ Jof cﬁi Ly | vﬁﬁ& B cx,r_ej egorligtﬁgl xiﬁﬁu € as! O pass were

gent |y saturatth @in@r-trinel S668s i(d) nfiir@€ &f Ofobki&l. Foad Baving dhe? followaigusdaed t hr ough t he

scr een theTdimersoflt rrilpea ofslifsleiccicigh | 204 O\ppsitiehs pEre Sbhamtde. wer e
spread in a thin layer, and heat cured

in an oven at 13eterri—Gg—For—three—mautes—45 EXAMPLE
Xl Failrly hard firm gFafiules reshlted. These An

EPON Resin foam contaijning difgyWetg|mechanically screened into

fractions of Ryl | 2DBve diAﬁm@hl4mmmhmymmxﬂhasphate 9 to 24 nesh

and 24 to 60 nesh—Abott -BBVP—wasprepared—Fhe materials used 80-85

% of the blend was betveed-d and 265 in thi s*Prepafation were as fol | ows:

60 mesh. 2 | 1.0 97.0. 500 _

EXAMPLE XIV 90 g HPON-FOAM Resin|X-30 (a poly- Plastic pellets

cont ai ni ng pol yvi nyl3 chljor 9%k 89.0 gl yc#dyl ether of

bi s( hydr oxyphenyjl ) - 4 ang dquthyl g %[; dichlpsovinyl phosphat e

propane contai nijng Freon 11I) % VP) wer€ prepared. The materials used
Control — 98.0 2.0

|

30

35

At the two higher concentrations of toxi-
cant, the foam structure was being altered
owing to the presence of DDVP, The ex-
pansion ratio was lowered somewhat, and the
structure seemed to be slightly coarser than
that of the two foams containing lower con-
centrations of toxicant.

The foams were tested on adult mosquitoes
by placing twenty-five Anopheles Albimanus
mosquitoes with the foam in a quart carton

with both ends screened. A pad of sugar
water was provided for food. The mosquitoes
were confined for 24 hours when the mor-
tality county were taken.

The foams were all toxic to mosquitoes
when tested the same day they were pre-
pared. The foams containing 4.8 and 9.2%
DDVP maintained their residual effectiveness
for four weeks. Results of these experiments
are presented in the following table:

40

45



10 g DDVP 15 2.5 g Curing Agent G (1.5 parts boron 6 g Pol yvinyl
Chloride powder (Bakelite 55 Jtrifluoride dihydrate in 14.25
parts QYNV) of pol yet hyI ene glycol). 4 g DDVP

The DDVP was added to the I|i
EPON- FOAM Resin X-30 and we
was 20 The Curi
pill board. Whi

qui d A plastisol
Il m xed.

was formed by mxing the
.resin and the DDVP. The paste forned

Y Agent G was added, and 8 nmoul ded into pellets on a
60 mxture. ALigaulug}_%kg.gJ_LaLed_LOL_aae_maui_e?—_l n

the nould, the pellets were gelled by plac-
al l oned to stand;
curing and foam
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grinding 40 ti O(DDv.lf) W eprépaved. C ABE matfe used
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955, 350 I'Jy
4 0 ) -F AM Resin X- 0
nmesh screen, pl ast1 § Qlycily? eV Bfs@ydr y%l‘@i;‘l)d
a dry stable powder. propane containifpFR@s3Bd a
con- 10 g DDVP
40 15 25 E

thi s porous cake, ets Co
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