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PCT/ US98/ 03265 ' °~ CONTROLLED RELEASE DEVI CE FOR THE PRES DECEMBER 2003
WOODEN STRUCTURE PROXI MATE SO L 5 FI ELD OF THE | NVENTI ON The presen .
invention is a controlled rel ease device conposed of a polyner, bioactive
chenical incl ¥R¥Y?28¢ | east one fungicide and a binding caPCTIs%@I6 ect i ve
to prevent or retard wood decay of a wooden object that |s 10 in direct
contact with soil. As used herein, the term "bioactive" i ng
an organism wusually in a negative way up to and i ncl udi n ’“ @m,@w

pur poses of a deterrent. 15 BACKGROUND OF THE | NVENTI ON Pr

from decay has been recogni zed as a problem from ancient tines ‘“Ré)'man books
on architecture had descri tlons "of preservi ng trees after they are cut,
20 what to plaster or® FEff 8 DEYICE, EORTHE) ERESERVATION ¢ hej r
affirmties, and of aIIott| 86 ‘Fnuﬂﬁé"PP '55’%% 0&1553 i #P¥he bui | di ng."
(See WC Hayes ed., "Extending Wod Pole Life: Solving a S5-billion/year
Probl ent, ELECTRI CAL VORLD, 41-4% @ pA3r( TeRr4dfieTi8R86) . 25 I n nodern
times, the prgtection of wooden utiIity poles, railroad ties and fence
posts from decay has,becone a na concern. The decay of such wooden

obj ects has been fo PF 68 pri tllﬁnch%saécfwrf’ﬁie%c‘ﬁl&?sﬁf dp¥L¢s and
particularly of femppsed erfiriat pslywsar.péibert 8¢ aitemicahdimthetingoad i nvadi ng
i nsects. The decaaagat&eéﬂ flm&gwm drdl @ BPRADNY ¥ rdBri r@ﬂ’é&%esgﬁce of

deterioration of bj,/ val sever,i ng_Q rs ich
weakens t he vvoodg eccfr %g&?d gyoﬁdeggﬁg}’ { Mol tlglﬁﬁ;‘:al ?" RESHBi at es 35
Det ection) ah® F&%WC%@@PF@FC ofithesgyli n H?remeédhml TYRELSHREET ( RULE
26) 4 DECENBER> 26413 iWB"9Re 422 Gt imul 3t PAF/ 445981523260, amsithawniRi ge Pol es,
Fi nal Report EL- i ni versity of
New Yor k 1982). &Z?@t o %ggya?fgﬁ{d??g%g%ﬁﬁ d%%éér %or %‘%tp%sg n?l neters
of the ground 1 % ra?f‘s‘tpart of the pole 5 which has a noisture content of
above 20% and is |n contact wi th oxygen can harbor decay- produci ng fungi.
The secondarysregi on of decay pickdiotPes The HfRieRTgeRti on area. The fungi
feed on wood by extendi ng networks of mnute, threadlike strands of single
cells 10 .(hyphae) through the cracks in the wood. The hyphae secrete
enzynes that dissol F&ePREVERT [Wpodsérandidday hgsi beemharanogdized ansfor ni ng
theminto sinpl epedieenc Frdmt &edidnte chinagi tﬂ'tﬁi&nubeo% drP@G-chliBebt$re

i nci pi ent stages ed‘ef%: N Slen but it _is 15
capabl e of c&gpllé?dejl ?tggf§ df }%%g%if r{r?:; ch- %eyt &t i ?létS’
carpenter an a‘?‘?&?tottl?erpl\ﬂﬂﬁ |%3&Ph§t|?%eé‘tt“§tﬁor%flqﬂeo nefedie®d, thereby
destroying its iagaigsitt yhahd stfiygticies, sandkrdgt Blldteiny albleantbéit nvasi on
by pests is exac;ef&zﬁtze@m&etm tHeA ek 183 R . 'Moq@eaowttpoma%)él ngq, As wood
dries to bel ow fora e&gecptprim t regolntent shr.i.nks. Si nce the
moi sture | evel of 2¥romthe
center, as the vieRRlem"esFLECTRICHGUNERLY, sHadddakr 42 k& ebmash e%§Dse

addi tional s2frface farmpéaei rtdimesn bye pRt2ct26n Asiflivooaeal LiyilaRy

protection of a :Yl?l gggjlggéd Wieehahs td0d ?%BEQ htkﬁ“o élyd%surface of

such object is ren I npperative once cra e magni t ude
of the problem o‘?ecif&?a BRIGHGPICETR! | (BN SSCAYWPE hs%bd@ﬁ’dﬂfllqﬂi’l%ﬂt;ﬁol es.
There are about 18 b@@nmfbumd)rthbedpmmﬂlﬁ yapekésby rtheenavkién idE t he

United States, ofeaMy %.h.dléaf@.\.czﬁaﬂ lbene i, CHEH?:DEA chggﬁgePf treat ment
to remain i rboser \A| Ce nor.e becone feC Ive each year. A

survey by the El%ctr Engo%l?eﬁé’ggglr ﬂv"i‘%s"tq ¢OFE°EBEPRI ") i ndicated 35 that,
on average) it cost§'h$84®04}0 ceppedcey aﬁunellecsraccommon and an

important source of deterioration of wooden objects by

removal or severing of fibers which weakens the wooden

object. (See R.A. Zabel et al., The Fungal Associates,
35 Detection, and Fumigant control of Decav in Treated
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4" DECEMBER 2003 WD 9914226A PCT/ US98103265 ' -3 distribution pole, and
$1690 to replace an electric transm ssion pole. The presenhldEéEWéﬁcboo
commerci al approach to protection of new utility poles involVes pressure35
treatment of the outer layers of the |ower portions of poles with various-
organi ¢ or i nowgafisesconpounds. One widely used preservati VEcTnSs o686 Ot €,
produced by the destructive distillation of coal. Another organic

~ preservative that has been conmonly used to_inpregnate 10 wooden obj ects,
including utility poles, is pentachloropheh%r ("penta”). However, its use
in the United States has been severely restricted by the U. S. Environnental
Protection Agency. Woden poles are also i npregnated with inorganic
conmpounds, such ppet eni cal )., .anmoni acal copper
arsenat e (ACA) oras%éﬁ ﬁféjpsc’l%% gl"ﬂ%:[ e@é’ﬁétgﬁ%ﬁ&foﬁo’?ﬁ?&mds. A
probl em wi t h t heS¥SeASFRaRTe 880477 Apt egFfeates Unhvewsidy, of sNewatortkhey | each

out and quickly |108@)theAltiiecevapeansst ErREEEE M REchhg N%g gQ A nmore
recent approach tQneVYRk i ay. of aden utilit les is_ by placing a
clanshel | nol d ar %gng f gpior%efm%hér‘g?%ns lgI%I' ?T%Y(Pae%ét ggdgh? PShabout 2- 3
feet above the sdFfC8uPRAct TR SEBERt Cterteef HePtrn20feandiis darface. A
resin mxture iscohsset vithmxyganl tan Hetnweend@iay-heoahaimiehinginl d and t he

utilit ol e whemgin } el Ll So£T i wed t.o cure and
har den?/ Bpon remva#?%ﬁ%ﬁcﬁ%ﬁﬁgl?ﬁﬁﬁ? ?ﬁ%ﬂcearcgégrgg%en "é’i&ﬁﬁérts t he

pol e and ret ar ds *Fartfer2ffcay WRIhJEed 2 iaqd by dextandisgect i ci de may
be injected w t hneh¥orksiaf rdoukenesimreaditise eéfmaidsver | s imflieneedfist he

pes'lc): ci de inl10he (hgphdle) THrRuGhI y@%ycrﬂ&rst iAngchd SoBAt ' !%ﬁggewed. A
pr obl em conmon t Q od by inpregnation wth either organic or
i norgani ¢ pr esergg{:%g\;igésr%s%’tmﬁgt w e 4)’%&#’38%%3% PEeibtothIapd hénipg e

| ayers of the HNOEENBERTA0SE0MWE 190 /MA2R6 AN RCENSDSE 03H6E caleodeat obj ect s.
Accordingly, woodheraniginghexpaseadifdoaat eth alteasnph fdhtaleagelb] ect to
decay. The pressiéesy Y egaah ofANRIQAEH PLOVLIRS LI Led decay protection
for a few yqus ug%%ﬁ_ general | y about 15 5 years. MBY &0 , tEnt pressure

i npr egnat i on appf TS ECMBLetHIY idegtray it dengporekimsisr efdyoed. pl ace.
The decay prot ectherrasmigelsescatpaady antpl @ek orhyr beowX tiardedndy periodic
i nspection and t LESEdENboraS i AES &AM é}nuteb? bLLE AANGS. s8yCh as
chloropicrin 10 {ﬁgéé%llt&r gplhtggrretthanﬁ)% VAPAM (sodi um

met hyl di t hi ocar banate Ron- Vol atiTe s SFF P  ch™ie BFRPREEMY9Rd to form
(met hyl i socyanat®YasHonybRLPXStS ifolexarprbatafubs tomtcriackngg tdle vaicghct i ve

i ngr edi ﬁnt_ 020 n]?uﬂsgd drydayanaie v&dadcamngcidh%alwg&c{my%bc rééuth o

st rengt heni ng of pd4 t eqd . p ch senedi.al treafnme s been
shown to arrest fgrrﬁfg?g%#%!?g ﬁrt]: %(E)lgé?}% fi.srlgf)%l%hse, cc)’rlsg‘f.’)r? (r;&‘[efv(?%years.
(See R D. G ahanfet™*8SRlYCENE MRS AGCEPBsoRivish the dliissrace ofras theod with
Vol ati | e Cheni catenteZrRas Reporviocdl 1488, (i eyoduSiaitve sRApeli orfdkd,y, 1980).
The treat ment wvwHidh&kgast Safiie Yeai % il 0g ground

| evel downwasql %&ﬁ\?ﬁf%t he cen'?gth'o?#ﬁ%epglégd%édgtggg%??]%%et%%es'
fumigant intG the Hole. >Tre s PEIFeStIEhGEhBnYeRPeS oPRectthdihoist ed pol e
general | y i nvol vE®isedctagts qusisifier surfpcst plicsurteobjeat himsremteriedsheat h,
concrete poured jimpleehsiveromit agdhakeNirs UHRRAL4I Ng pole. The problemwith

the current treatne . Lr ods i1s th they are effective for

rel atively short, qe?%%ggg%ﬂ;&%?heog%}ben (:I:eolsbéle?‘a?afte dlgga%l%{ ¥8& 1§ manpower 30
i ntensi ve i nspecti*$FETaRee dHrith Weaser it iddityt PekasrenThens canee ghious.

Provi di ng am®xcéds mgliion twocdlenant i bpriegrass i seritise gamte@oeminal sol ve

th bl ft ah ; ' f h
 pr egnant  of ffr;.-%éﬁﬁ? 0 WIRH 29 o 3O R S S RO BB, Saci ng
e

S rapi [0 _
the | ong-term ef} fFe'é'ﬂ%%%.tp%Péﬁﬁ%r%n SeXVEERENBIER4 20936 million

more become defective each year. A suxvey by the
Electric Power Research Institute (“EPRI”) indicated
35 that, on average, it costs $810 to replace an electric




WO 99J42264 PGTNS98J03265 -5 | osses of inpregnants or fumigants may cause
significant environnental problens. Al so, additional inpre MBER 2003
fum gants are subject to deconposition, which renders themg'mﬁg?Fectléve q n
the long run and not cost effective 5 in the short run. The concentration’
of " bi oactive Wgﬁ%gnt s resulting froma single applicati GerRisosh3265
i npregnant or fumgant starts out well above the m ninmumlevel necessary
for effectiveness, but decreases rapidly with passing time, dropping
qui ckly bel ow the m nimum 10 effective | evel” Since a | ong-termsolution to
pesticide intrusion is desired, the pesticide which is used to control such
intrusion can be incorporated into a controlled rel ease device. A
"controlled rel ease_device' refers_t bst anc a sults in
control |l ed and sgéftéfln_eu J_'roeq 352‘8' o?néa)lrﬁgijggag?i{/eep%%ﬁgmgga%l%cre%%ci ts surface.
The device provi §&3nemM¥RSIRFAPPAE -t he control | ed rel ease of the chem cal
into the surroundi ngrien\BreeBAEDY . acBepteletimmdraiall eagprbddd @ot he
envi ronnment est apl.j . fectis o} L.Qn ntly, there
Ebé&@%&éﬁ‘a%onsb S%i%;%géééﬂgs In&gyvbgn%régéﬁg%

are at least three controll éd rel eas agi ng systens, 1ncludin
mi crocapsul es? c&EEREMYHamf dbe ARkPHEXPES] PY - BEuAQVEE R TG ig8E, °g,her ein

t he fungi ci de i spohesnwitld walrduns dxyamipobynEmorgdhivheompddirise adbsea nunber
of reasons for rgegETEnidid PrectpPNCaRsYkabifuddel, bSolhadY byvehaatil e,
makes use of a v?rl et%/ of err:glriuf aﬁ ur.jng technLqu%%, ﬁnd reduces the
toxicity of the SHREBITEFSErEFtatdtiq oF sCR_bentFFRFT LTIBYE- t er m syst em
with lifetimes npassemtatiivenghansh@) begnheemmdraly ysadsto Aduiregoate| y,

m croenlcapsglthi 03%&@{1 &ﬂ@&iﬁgnmém&a@yu&miﬁe peRek, ofst he fungi cihde bﬁi ng
encapsul ated. Furthernore i S, process , has S n,.protecti t he ot her
portions of the ﬁﬁ%ﬁacr%ooﬁc’g%‘e ?]anLIpeesn% a\?é aﬁcgweesqftel (o J(:1‘(:a£)a‘f(gs"lor egH%nto a 35
matri x such as cFajtehdtares baatkepnniseNereby scastaketed Ry MREENBER 200 WO
991 42264 PCT' | USE8t{attlent@lr egbtiecoitnC Rgbrtps IWoodeh htoledd @asealsde. Cl ay

| oses or rel ease e ry I; | f eks.
Chenmi cal | y- boynd%@’gﬁﬂcﬁ% glgv_’g}rég JFrrgto ;}Ecggﬁnﬁs%ﬁ% %S%I nél r@r%ﬁé\‘:g\%sti ci de
to a pol ynmer 1°ei FREREHAIFENEGAL o TR ng AMRERIRRAY CPEBeT 3FFeRa5ref Y ed

pol yner, or by abtamimorgacad pespérciziact srsemaeorBLZAhddipemndsossalinking
to formthe polypgen1eth&idHOUALsOf1 hek deodd8fbeadhantoundywbe s, POl yer
affects the int egrlt%[ ]t stéen tho n §I’Op§é’ﬁl eiogg tlgleerpol ymer .
Accordingly, t he®§ rt Yp 5? i e taﬁtqklls C emcaltry"bound islimted to
| ess than about ¢bfegWivemessi ARPTRIFIVYAEr Chtw9di-ty. A Japanese patent J5
8039- 601, JA20983- 0 ceger rbeentippitbabAcCt €ldvelrcagint delcageds i wodtien
hydrophi |1 ¢ pol ypeyf; b ﬁg{kﬂgf 9;@' 106908 StdGkefk1iaRlRt Lhdhal Snd NSerted

into a hole into the t¥r f e. _Lhe hydrophillic polymer absorbs
moi sture from t hB°t§ ee Tifd c4pBE ?i/]eé““llaefeﬁb%f“{se&é'agi ?@’"Fthgxanf‘?ﬁ%lct erial
agent. This cont ebbted-heeclseddesdefsase taoabauthe? 3nbper adhoey ithenswid i vi ng
dry t20 wood. In Eapfacd! WOukdiRenixteper 86i yeaded 2R i&m\azﬁm;aanpemeémsteady
noi st ure expgsure, si nce Qverex ur noj st.yre u resu in__ .
di ssol ution ?go §ﬁ?c %F'Sg’r’?g&uﬂgg? aé%p%g‘ﬁr'é stlg)l %P‘?@?ﬁr@‘%ﬁﬁh"dr@%sﬁﬁ”} n
i nsufficient dis§dliaignrcks pefebsalipwednte FaEeerndl hagpan.. YBomhere i s,
therefore, a |ongeh®ldl &Fdruasalamstiead ReEd, fidie dudedirsina suppdiogs and a
system of preser Y06, 400460 9Bl geds 9k na, PRALGNGRC: RO Of 11 e, and
i ndependent of nDISture exposure by pfeventing decay an,(f eterioration of
such obj ects by pesticidecRraineerigicidgomey b tiddpchpt witdh$hst Fefitwod
i nvadi ng floB@ aHdwéwina.theheffieerives lpdetimeallclr ke kpestiaideonmecie on Wit h
the prevention oboggfay 2adafdevery Ykt OmnlsSopdeBastly idaneolies, railroad
ties, fence posts. an Sbg i ngs * 35 "4 DECEMBER 2003 VIO, 991 421 64
PCT/ US98] 03265 A problem c on to treatment of woo bY impregnacion

with either organic or inorganic preservatives is that

the impregnants reach only the surface layers of the



SUWRRY OF THE | NVENTION This invention pertains both to protection of
wooden objects in direct contact with soil from pest invasi4ng ENBERSIDO3
objects including but not limted to wooden utility pol es, wooden railroad
ti es and wooden fence poets. The present invention provides a device, and a
nmet hod for pr‘%?mzmg, for a prolonged period of time, 10 RGTAQYEIAES and t he
deterioration of wooden objects caused by the invasion of pests such as
fungi, termtes) ants) and ot her wood inva&li ng flora and fauna (e. g.
insects). The present invention is a bound friable mixture that may be
placed in a polyner. A bound friable mxture is 15 achi eved by conbi ni ng

t he bi oactive chem cal containing at | east one fungicide with a binding
carrier capable of binding the hjoactiy hep Ga i her et o.
Binding i s by SOFPRAH CPATEES nASRELART T sbie: ilcgg‘?ﬂc‘ﬁde%@%rs S%i on and
conbi nati ons t henmofeatadd area Ovleiedy a€Fe?‘F1%15ﬁftoF°d$§‘f?3ﬁ'gui shed from surface
t ensi on adhesi on of (Rl bgggg,g@ impFabhat o fappeohyh prpvadeer Linttad i on or

sl ower release of the bioactive em . upd &éhah1a viThgbel eegmy

t hen be added tod%tcap‘*f é’ﬁ'&tﬁﬁé?’or(rr%no%erﬁg%ryg%ﬁ teﬁr%eg %l rre(rﬁ);?g orma 25
control | ed ref eageaxievi @@rﬁeveﬁepﬂ*@yﬁﬁﬁﬁ.su%elqpé?ﬁf’g?h%f‘ SEherofted rel ease
device is preferaphyot b Bpploednwf weopeh| pelen alygdagviatn idachsertil e into
a hole in the woqden qhj : i f Ly ansheetet paay be pl aced
under or around 'a‘F%’Gr?d’lza?t%l(‘;"tgﬁ.J'Bf,fhée{!q e,vi%gegggg el db%EQQQ é‘;? %g t he outside
surface of the \Aslséle%d%é’yopeFW%ﬁi“ﬁBFFB’noW%/nn an rnternally placed

devi ce. The cont patbeshrel edsk thyifimigehbasesth@speliPEIRICTAR 2

predet er m neqorat(gfg&fé}dq?l&g}ge@lg}{é)qhenbml (ds@¥inimer or exclusion zone to

prevent invasion of pests .for 35 predeterp ekL9¢5 Afnidnme 4

DECEMBER 2003 Vﬂ“ggylﬂﬁﬁt}lﬁﬁaFﬁgﬁ%ﬁ%S%ggﬁg. %Fg)éh%«?\%i ce e%easisng t he

pestici de out war tyfirohyievsitdeform (RS&YR dBPERRNALE/ nPhi i?l‘lf:ﬁ‘ 't &tive |evel

i s maintained thrgyghpid tikgiabeestairimer ehy kicantiyei hugyrdisnsnst

associated with cracking of th I ph§delalevi ces are
Fﬁﬁi e%svc?crygnrargem’?x?dcongu H{:g.gﬁ’ F &

capabl e of prevefif niviTonnent al an ealth. prable t he
undul y high déncenrengtesnisly chetRedaterdorate? tPeoqselJng‘Cléﬁlo %\%ggétla

or inthe |ocal eméhtqamEtasabesndshdwn ¢loj exrestFungas preteitvedn
enbodi ment, the %%E%il&% dgi@g,q,lggngwgm:%r her yedss M Xedef Rt adadampl aced
yIer, 0

n objects

into the pre-pol n_accor.dance wlth Q tor@k i bR CoPiRiNtvith
i nvention, the dé&F @é-r T gjtﬁraglnltlgt%anda
| ower, steady ratvelbhéleathemicallj sEBRT RePOEEeERT A OR8N 84 at the

wooden obj ectygbecigarpi ey £Cised)i.n Phe aelmiaitmehy witgr fupégares of tine) and

that, subsequent to reaching th Nl f aeid Ve |pwahd Dabel t he anmount
of pesticide nec@seé"gfﬁilﬁs Jf’g’pﬁlz‘i’%gn?ﬁ% P i

edraded_pesti ci.de_| Thi s
rel ease profile dlavwrzReandd-q¥gEentialc i rSEng?l .aﬂo%nahﬁeé\ﬁxﬁ?%’?ggl ens
of the treatnent widfumiyass idve cbethafe t h&her phyFigal SFREBETYRFce with
anot her aspect of éQﬁxephgééﬂoéﬁ\éanbbp@,getd&&adeyi tevdlyeapplaethd o the
outsi de surface of the wooden object in the formof &eRal coméddd ng 25
pestici de whi®h i%eidCE54Bg § t(%ﬁffoﬁ ed “manner. The coat is applied to
the external surfmoeredf jahketmodanagbpéiaceiifd SHEPAT S PPAE - ni ni num
effective level of pegbigieied wibR the faaneeot thertmeod and/¥APAYY t he
surrounding soil. 3Q In accorda i agpeGtel@ftitvBle shosention, a
nmenber which at L‘é%&°%a?‘tgi %%'L%%\y‘é‘"ﬁ%@t e sél}(ri?’gce out si dg iaz % Jal |y
applied to the woperisdscof. ting SnfeRBersHHtars &SEHVRT rLordl n? ‘ﬁge
control | ed rehgasencidicR BROYécIErishandi conhimuelf Eerther (L&@aFT®PtHest i ci de
35 to protect the od st.ruct s 414 PECEMBER 2 6Uan (3 P UF4 2364
PCT/ US98/ 03265 - 9°F ?@@&Fgén(ﬁﬁvﬁlﬂ%ﬁ?he furth r%&?' gc{ﬁeof LgeR! SSENT
i nvention, the deifpregnany g&cd f%gd‘@ttﬂge%%’e_n 0151 ectc &% oug r qund
| evel allowi ng thenhgesidrei deravidre cfatheeprotraign.y B §%5§§Ft 9 i%éﬂ y by
mol ecul ar and impregnant of fumigant is rapidly lost to the air and

35 soil decreasing the long-term effectiveness. Moreover,



5 gaseous diffusion and longitudinally primarily by the capillary action of
the wood structure and noisture. The present invention, toqq?EeE BER 3003
attendant objects and advantages, wi ||l best be understood w reference-to
the detail ed description belowread in 10 conjunction with_the ag%)rrpanyi ng
drawi ngs. BRI b ¢Big36R PTION OF THE DRAWNGS FIG 1 is a scheiBipdes
representation of the 15 conparison of concentrations of a pesticide
applied in a single dose and by the procesg_and device of the present
invention to a wooden object as a function of time. FIG 2 is a perspective
view of a top section of a wooden tel ephone pole show ng the | ocation of
the 20 controll ed rel ease device constructed in accordance with the present

invention. FIG §oggsesao@e£r§]9fééﬂa¥1‘%sVE§Y‘fxﬂrfig%n%0ldﬁﬂ datise phbgrel fliclamtbei ng

treated by the process of tgfeplg# sent ijwent iaBQiEPoAﬂStiﬁ\Ekgnants and

pesti ci de-r el eassHifKARFEBER €38 pridsEnt Anvention, FIG 4 s a
perspecti ve vi evwegiidanesweveesiiisicsphondeqsiineset e G Wi c8h BT %an

instal | ed pesticige: riglsg2skbpgvdaM eBeCcDOs] ot addi mtacostdafifecttiveh t he
present invention. 30 FIG 5 is a r ' ' fpidakkk{&9 operation in
the process of iHstHhe &38R By hﬁ%e‘g??%#eﬁrt\élbg\gg? bg;? evice.of the
present inventi ofngrediensw wooRferingt Ffrevy2 pHingse EWRWISTg PR %%rff al
cross-section thg@qg F@r obhguRfintc sdart el ers wagl devdvee the RiRipmesent

i nventi on. 4 V[\)}EBYe R 2003 V\q /e‘k%égéi$ggéés9§ﬁ9%ea§esFf@irﬁ.yi s a

per spective vie HREFEPPFbad t racks rmun,t%g?’o ai Itrh%aﬂi{" whi ch
contai n the pestwithierassdasi hinele\ACER B THY egeg%“(':l insta #’e in
accordance Wigh bLegegiBaenevebvention. S FIG 7 is a perspective view of
the bottom of a woodgn util{LyyRQhG 66YEERsh Wol Pest iiider aht gk jrestiisci de

rel ease |layer constructed in accordance.wth ' 0 e present
i nvention. FIG BepiredpdhepBBETIE é’&/‘S s Yk RO URIL1ObuLH

Ja' railroad ti \g]os 10 | ower
surface i s cover gdtwiisivm caonbeolhearpesstedi S & ea%ferfﬂ% rﬁgﬁiﬁ ucted in
accordance with an eabodiyerbnetol i peteasé deviest i vefeds G 8 is a
cross-sectional view of a den 1] isty I QA 0k tM nad
control | ed- r P eaS¥PREINTR tl\ﬁ%%cgﬁg r%uéctltéldc?g&‘%l?%ddgg e % n e,gjggdi ment
of the present imednagent BET)\FEEEFDESGRPW%\I %9mTH I ?C]\l It has
been di scovered 4aatckhsrdvlidgeyit yetdfoda fpesthe aantapliesh n5d-e@3eeaft y
increased by fi rgtﬂgcg {10 shil8 PhOaGhiréang hedriéhvlirenmsret ni Mpeat | east one
fungicide, with indrng carri (ér .as_ g %O‘éﬂgi{-#&%eeﬁ&@lqﬁes%ﬁnw
attacki ng pest coBePdFREFTE3EFL YR TE FAy Then be 25 formed by pl acing
t he bound fri2abl effextive zaneoof potigrer. The polyner may be froma preform
of a nMonomer or a pPobyIBILMMdeketdalrd att heast whwed ¢ortzaidefet, rod,

strip, sheet or any sultabl.e sh h i b " the wood
attagking pest ¢ aﬁﬁeaa$&ﬁqigggg§%fépéj q ndesh{Rf riepbeyp@illesq

evice_ . Wod, att | p incl ude
but are not |initedted arenwesgadndngnewicatyABred %H&?fﬁaan%’o?&r?%ﬁﬂ
macr oor gani sms i ngld!dungiéEealss carticakighibodsd fora PRAWPEE- ants, ternites,
beet| es, spi d%rs; an% 3P Céigﬂ?en%la%%&n&%&eef-reas%n%mmadm
09/ 42264 PCTI4s98/ 03983 TE Decay,an%drgt hioratian,qf R gebpbect s
mai ntai ned in soiticresRcpRSHRaARAGR ddtf g‘S‘rléfl,ongeg:qper'i o§ of time by a
control | ed rel ease wianiete uhimEnuteconsing Lesbsineetie B0 TP ned
rate into the wooden QRieeE ke ToMRalhed matlerieas) it por essentialdych obj ect

above the pesticide conCentration t o] DX wesdnsci des. The
devi ces of the pr%%%"r'ft'tieﬁ'f?eﬂi’?toﬂ“'cé"ggérg%nﬁ%ggs#%%%t aghf&fn\/ggﬁden
e, the

obj ects up t 03Qd herattmectrhan| yéans e AGALELRNR 18] cBE€ZOBSAPER AT
add significantly to the cost of the fungicide being

encapsulated. Furthermore, this process has no use in

protecting the other portions of the wood.
Coated granules have a pesticide absorbed onto a
35 matrix such as clay and then coated with cross-linked




10 devices of the present invention can prevent pest caused decay and
deterioration of wooden utility poles for at |east twenty

preferably at least fifty (SO years. The process of the pgglg%%%ggn I P
for treating 15 wooden objects can be used on any wooden oRj6gdegnBENEVEr,
as a practi caVOR¥ER®r, it is nostly useful in treating wooden objects which
are proximate soil either within soil, in contact with soil, or
sufficiently near soil that pests have acc&ss to the wooden object(s). The
20 wooden objects for which the present invention is especially useful

i ncl ude: wooden utility poles, wooden railroad ties) wooden bridge parts,
such as bridge braa clear to one skilled in the art, the term "wooden 25
obj ects" is usedrémimas whichriedlps sdowbiheireleage 52t he GAG¥dlofe® or out of
dead tree trunk anth¥eanphes:cilae ovetm "smdepetbp@cdS at mosotai pévended to
refer to live trees. The device of the present invention can be installed
30 in Woden obj‘é%%'Mi ch are already in the soil and in those which have
not yet been pl aced Chamigelltiboundpesficddss RRGMIOPY ShEPFERLIYe in
treating bot hs t heinmiedeRhebpestizitbato hay lyeer, i nitsdedybpepast s and t hose

whi ch have not yef ffegﬁgeé%%pcgggt&%%%%%ggeg ﬂﬁegrégﬁg gepl oynment

is for the device of the pr L.
PCTI US98/ 03265 - 3%t3hidat EBﬁ RIS iARSERAIF SPTOHSEHRY &h “5BF8ct, then

rel ease the pestinikiheatoatcomtuhel pellymet o iTheo amhuntvrfl peBlidciidei ce' s
pesti ci de-rel eas { e i l.ected _t idY AAFedts! ERStintegeityypn of the
wooden obj ect at%ﬂ@%%ﬁn?%ﬁé fgc?(i)gﬁhl evel .. As us%gccior]]: t.ggy the
speci fi cati ol anBt¥engthp pRAREPRATLIAE, OF P é’r‘.’r}\y‘"ﬁfhi UM e.ldfle.g'}fVe evel "
i s defined to beahduntpedt pesdicidey thanhicchemicdlyobeung ¢ Bympeeds. |n
some applicationg) fedd @R3bhOMLAI: a0 fx¢! tSimiintaia pélwierpdategentnot

penetrate is 10 sufficgient to protect.t enti.re b &6t 03 TRESEE j on of
such a zone is advarft g@@ﬁﬁis? r?pattﬁgﬁ %%sgéb%ges%:olhéi ggb%sgér_g%u?rgd adn if such

. t
a level was nai nanjantdbastenitbagentePhtd idbjPe BYIrpRitL4% PRIYEFE i s nuch
| ess expensi & tgnd NEdrided dRY6 cestiiek or eatblamt chasuth rwegtetaintora 15
treating the entjre, Ai8Ctne Féﬂ?h-é Bf Lh@rég.eatﬂfénhgar@prg_qqticbgalheér or
u

excl usi on zone i s advantageous for ecol ogi cal . n safety. reasons.
This i s because APIPTRF MORETWH} O™ 588 g’b e %‘%{]gﬁﬁ??‘ﬁeess%hgfégy The
control | ed rel easelemadngeshef anthibasterbatl FeithyeAbidrcREOIL88l y have a
rel easedrat e Showlé&ﬂd@?dée whi1a beS ihdbdtalive Lapheh-slavdsgt drpring the
pestici de copgentration of._the zone. i e.mggg- j ect or, e
obj ect to th28de§i°? d £8R falfri S 1§v% as qui ?I%IQQ glg argseg’g?gsﬂéﬁé
Thereafter, the pélersteadyt moisturs eXPRBYTe FHidTes QH\Plﬁeﬂf%“r?uFf’i cient to
mai nt ai n the obj eetstird heuiel eehidd 2andisdoldtsomobdenawisikdot aaBove t he

m ni num ef f ect Vﬁnh@ileéﬂ}o%up.&e?!@%m%Eei Wherd atdsane Theirgiiftialeht gh

rel ease rate i s achieved by al ov%tge %I?slgagét%%.gg iir!éénq:ase fromthe
matrix prior to PASEPIIHPIIEOLH &8 MGGt 0t 7 Wooden obj ect. The
amount of th@5rel easBbreesti cilbredamebea Viariadedy and wagaFigfiednmre%t ure
and the amount ofoli gBadwlce!l Ng HEUIRAS AnAr b Ofydten RECHresgtig devder. |t

has been found that hydrophobic pol [S_SErV 5 ' i cide
rel ease devices B éﬁﬁgi e Eﬁﬁf)%fgeréePﬁrb&éfﬁéém%o%ﬁ%\le)ﬁgdﬁ%ﬁl%gg

PCf | US98103265 - 0% meistapwmr esbesuzmdyr Brenseting degtyng™fechani sms for the
pesti Ci ge. They @'éﬁe_ﬁbd)&tti@mf BACéUdH) dbj ebbs sbyrepesss bechus® ﬁ_:dmsfy.;.t raﬁ t he
pesticide within their matrices c Vid fa@hat he
pesti ci de. Nt?peoﬁ?ln,“i e?h.eagggpo?%]n&%}%gngté?? ie’z"aéfi‘r’?% ?gfgii ttl% pesti ci de
from degr adat i on.ThFhES?-dtJFPePﬁSFbe\‘E}@Yd(?PFQe%} %?}E’[eé’ﬁf‘?g “Hitk 9§ mi nt ai n
an effective doserevehtitopest detae 4mt datsuberatidralof] wogden oftidilf® in a
zone surroundi ng deyl hointlet ¥o8fs| v eEELEL cont ai ning 10
polymer is pref erpgg%'Iiééslgﬁtcﬁgﬁgg%%u?gf%'eo% ei ther the HLBﬁ% solubility
paraneter scale. Mre preferred in a hydrophobicity | ess than about 10 and
nost preferalSy | ess than about 8. Specifically excluded are polyners that
are water soluble, and/or have ionic groups (e. g. 15 carboxylic acids,

sul fonic acids), and/or have been treated with water to formmaterials that
contain water. However, the present invention includes blends for exanple
pol yet hyl ene and POLYOX wherein POLYOX is a water soluble ethyl ene oxide
pol yner. However, the bioactive



20 pesticide is contained within the hydrophobic polyner. The pesticides
used in the present invention depend on the anticipated pegt i i n
depend on many factors, including the type of wood, the geggi?ggﬁmc%FRrbdw
| ocation of the wooden object, and the soil in which the 2 j IS
mai nt ai ned. IwoﬁﬁgF&%ases, the pesticide is selected to eI?ﬁPﬂ%?gg%ﬁngi and
wood boring insects. The wood boring insects which cause particular

probl ens include carpenter ants and ternmités (soil born or dry wood). If a
singl e pesticide does not elimnate all of 30 the anticipated pests, the
device can incorporate a conbination of pesticides, as |long as such
pesticides are conpatible with each other or one another. If the pesticides
are not conpatible because of diFPMABYt OF THERIBVENTEXN or, for ot her
reasons, separate devices 35 can be used for treatnment in accordance with

the present 4 DEC@IX@ER&QQ&%% %%/rggré?%l B&eh P3O £%ohléfi%’o%ﬁ]i on. For

termtes and/or ants, thé pres rred pesticide is . a gz{ﬁ? rin,
specifically forokieghf én SArFaehrsIntass, withEah EYpRRRAHhARK: ,

conbi nati ons 3§ hewesden @Yjeictpr bheludithgpbst i rwlddmined utde woodspeci al |y

f enoxycarb, and rJ ) dile@d aRaI foddtirokapbes by Dow
Chem cal . For fuﬁgjl’?{%s‘itﬁfl%?dez&%%éiljl%g&ﬁﬁ%eare not limted to
tri-chloronitron®®ehe under the tradenanme Chloropicrin, a mxture of

met hyl i sot hi ocyanat &hengrésenti isiventépn apeavddes uaddevidee apddenane Vorl ex,
sodi umhl\T met hyl 1@1@%@%@%@%@@ fbhea tprdeonasd MaPrda of, Bihe 5
tetrachol oro,; - . benzaoqui ppne [ r r.oQi ci um
cyanani de, bil?)heﬁ}iﬁ’,d%ciﬁngﬁ'.nggﬁt%ée{:nﬁ%ggngf% |°§?S’E§ﬁ,§“$egﬁﬁ°§gh§%‘?%% de and
15 combi nati ons PhetkfinvasiparefdaarsgFerlices FMBIbi pFRMATESdi 83 %r ophen,
and Chl or opi cr i NnanahbHe P @odaleFaditigulierarthd faanpotaly e inaectsir et hane or

low density polygih Iegg%nthﬁvéﬂPl 1@f gW$M{?rf£i§bEé%ﬂﬁ&Lytﬁ§PQ%ai 0 wt%

Y,
with fungicide in an‘Lam)un.t rom about W% ta 20 about 30 w % and "a
bi nding carrier Pa RIRGRHIR af PRIMAFout 5P tfé“"éBgﬁtm’?ﬁ:u\ﬁF‘V&sQ her
exenpl ary i nsgct achilewed myl edabiminatdenbicddtiivieegheni¢aslofconpabring
fegvzzaISer a}[ﬂe)_’ C%/PQE nf%{}é’d '&mfelo?f.tﬁ&i"ﬂilrc%e'1 wiB}! £tBindingl eaexiAicBpabpé :cd% Eri n,
an conbi nati ops_f hereof, .as S in [ i ny o e
previously ci tedbg‘é‘é’t’?%itg’@spl%?%er chgl“é%?]fcgtnmfgght ﬁg "yci%eﬁ‘{‘lrtgn ed rel ease
devi ce depends upbmdinm icobdi BPERELBNhC Gubt AIRPTPELPRerah§REPEE R he pol e, or
on its outer surgR&RisdtRienl yARIcomiiniaefon8khearebibeamblis t o endure the

out er_sur Eées . the
aked expocufa t SRS IR BF 4 ANIBha] HiBn ML e e s st be

) . U} gf used to coat the_poles nust be
abl e to withstanadbegion iafd acohditd &t @ IRELDAWHEFEUPY 13 B263F t he coating
must meet three Bétewmgisbn enresieverFirelepsptofndte bdopotiike tabemhealwod pol e
4 DECEMBER 2003 ¥fh H9buhe? 341RE1E NSS&/A32{8y - thfers et haded ttd @Mai NS i nt act
during handling. Second, it, must provide.an 1 ffausion barrier for
the pesticide sopf"ﬁ%‘t’fm rBPERLE roaﬁlgo\‘f'md?fe%g)%ggﬁ%g% ?ﬁ e%\?:\n&“t t he desired
service |ife25Fi pantyolldte redpasednvise §oF ERIGVPRBE- nust account for the
characteristics of tiw pesuleifs.cditirpibes wApabkedetivd tilsspaatiraplyuch
condi ti ons and puavigl ng, Lnedgsioprkd clease iakeds! Shadhaumesiied des can
be classified inf{0_four groups: ernopl asti ¢ rli'-g‘.ﬁpgl yners, t her rmgs?gt
pol yners, el ast oRBFECIBHIARAMPCIRE LSSy nBF st 11 6P Iéf/év%? §Ft eX4Mpl e and
not intending tomkiynbé pleresic apdenfort rsundvarfdundation: ddine dgvice
polyet hyl e”ezsp_h' Ay IB0Sid 3 al)xst@a/é s i ¥b iy B6RL Bk rndIhRIoRaBEone
pol yester, si |congk neopr ene), and, 1. soprene 15 .nol \éger $g‘§ev§%épol¥ r can
all be used in tRFsIPRAMRITGTIODRET D s‘%}hf‘ﬁﬁ?ﬂa@% AFS are used, high
density pol yet hykenerokléederaieaterdediqeokphessess foei peenlgidepaky@t hyl ene
'VA57|8000- Mor e S%@h&&&@d\iz%dt Exe;ét&s Cééi%bhlﬁyﬁxrwhh@ch_elnwéll\ah&ﬁ:isel?hbil N tP y
and | ow vapor pressures, OW Vapor,_pressures i nge o nPa
to 100 mPa, i ncl ﬁ&FE’Qs’f%‘fﬁﬂ’ﬁ?‘ﬁ.?ﬁﬁv a) %%ror?eﬁ?rs ﬁgfag&rﬁgﬁ),
| anbdacyhal t 38i npeedetermined peridPhreh tires nPa), deltanmethrin (0.002 nPa),
cypernethrin (0.5 nPa), cyphenothrin (0.12 nPa) and cyfluthrin (1 nPa) are



25 preferred in conbination with high density polyethyl ene. Mst preferred
are pernethrin, cyphenothrin, tefluthrin) or conbinations YhseeeMBER2GTS
of their conbination of efficacy and their release rates fromor through a
pol ymer. For nore water sol uble bioactive chem cals, 30 ur

speci fical |y WP&U#aMe 2200, Hytrel polyesters, and | ow dengél"l?@ﬁ?/oszss

pol yet hyl ene, specifically Mcrothene 763 are used. Water sol ubl e bioactive
chemi cal s i ncl ude diaai non) chlorpyrifos, -féenoxycarb, tralomethrin, nethyl
i sot hi ocyanat e and pent achl or ophenol . 4 DECEMBER 2003 WD 99/ 42264

PCT/ US98/ 03265 -16 In addition, it is advantageous to add filler and/or

bi nding carrier to optimze the |oading of the polyner. The_inclusion of
such a substance all dpVESeEr THRRFAPE bhe REFHICEHE PotWRFd $X@Bd into the
desi red pol yner, insilie| ehe alocdhr csyeett, | reniabwinstefifgct hvée heved| @gse rate
of the pol ymer. Gadl BgnEd!i:Bhohdl] YHES o5 300N ALY B deangal UM na)

silicoalum na, and conbi nations’t hereof. pbon y.bé in_t m of
activated car bon,preaiﬁ'ﬂ?l ﬁ%?tﬁad“ctghﬁma{qﬁsg?ﬁ&ew?dCar bon bl ack is
10 the prefer Sed Ferhbéemgoxar sugh. déwiicess peei ¢amaidley of Vprewenti@g72 is
preferred becausenVil&ARent@l’ dndase At@Abebb 86RO dHhisel BRPaKd tihapegprared to
ot her carbon bl a%ks For bi oa(étlve hem cal s.t:.g%jt %r |I%I at r.oom
tenmperature, for PETRNPPRCHHEAASH ?fgc)é: R Coas ke ongrS FARh&hate 15
(fungicide), hydwosgemaehiectissor hig hef dpeal dividiongephrareund Ebe hi gh
density pol yet hyloghectt he preferred anmount of high density polythene is
about 70 wt %.and | ow. vapQr. _pr r i i v hen i n unt of
2bout 10 20 L3 wi i Che Brnaio, isarishe  S1e BALERRad WalOnBRBNRE O o

| ow density pol ySeRyieheargaiyediiFrstytbeRapkrdate ipter bhe RFesppdnmest
plastic is about 65 M %Yccardancd erithobnél| esgraracti vke ghweydensl s of about 15

W% with the amypbnPfofarhieCie fRredekbdt ik ARQYHe 22t W %RigHOLade all
combi nati ons, biqact|ve ‘c%ca%o%a%/ rangg f rom about wt % t,r .about 30 Wt %
and bi ndi ng carr 8 +3bh f % E5S8BEUWTE S WEFE2Tieh a T6™-Adi ng

carrier is addedreleasaprnfddefaigureashihatiphs woedghRngbliert egaimag carrier
to a mx of 30 peebt&teled and aprerNAEIDT shéstlIdeSiod POOEider AaBi thiy, of the

control |l ed rel ease, devi ¢ d At .0 I, Ci
Accordingly, it Félb%? eergtrg %-g%lﬁr!}gts t?#)%?%%&dﬁnes%tf?%f:%%@? %e%tetlhegﬁll%di ng
carrier as a bout8efameisite ofi ReSHICISs PREESIHY FOsERRLARS i'depAegErded y

bound either 35 epBboidide sis rateassd.t hehbs ek legseaprbfilordimihdshée bul k

hae] |
4 DECEMBER 2063 V0. 9 42204 PCINSIR203 ndsht0B1 ek (e cbiondi ng carr er

r e xt‘gre of, est|C|cj£.eglnd blndi%%carrier is then
added to a pol ynéF‘?aEI*h%ntb@dﬁIdr GG t88 FRIT AhardEdt b2t ent ed from
evaporation during sibsegezdandemithganéther agppot yprtheTipreperticide i s
best m >O<Ied wi th (iﬁfr_é:ix@.{or\l&'} tthet 86viRRStisChpplidt ad ithui Sutaide sbefRce g
pesticides are i i 0 # 0 solid or
near solid at r ogrfn Pgéjnp‘goroé%&mé&j_%tcg’r@dlkﬁglp%&h%afte?ngg?%eé%%ragggflgci de may
be necessary %o PRSEEeIde (WhGhdig Fakerged iXih FOREERLLPR MEEng Thri er.
For a pesticide icBasols cagpliedvtd the eikgerm®l tsurfatenpfriefeiwepdénr exanpl e

the fungici de cagggg%@tx#at rt‘,%@g;a?%{; LnEoh bl MunPle@ERERRYY FeRAVNERT OF

granul ar form m x W | inding carrier. 15 The _pesticide may be in
the formof a pa®PBSiTAFSiAted R in%CSi 8 TRF C2PF 8}“.19?’?1 A 0Pt her

enbodi nent, the eorrewidigy sehikase device is constructed in two parts, an

i ][mer part ds 3o gugdeﬁh té)bc%%d%@ﬁvi!@ﬁL &n%a_ﬁ'@: iaBpeEt PSf ttl’ﬁ.@ﬁhﬁrﬁ@@i&tgol m x

of pesticide an i ndi n arrier wth the out.er rt I i c polyner
encapsul ati ng thé& i"ﬁ%%?lgﬁ'jﬁc?’ ﬁelecjaﬁ'ttePaﬁ%ﬁ lr}’acggﬁgga%%é/n?séﬁﬁaggsgi ci de and
bi ndi ng carrier cHbside ihexsgmaldy appléedrio yred eRiacte | RREF part.

The i nner garlg phgﬁséflm%m&%sghﬂiﬂrﬁaom%@aﬂﬁ @bﬂerofﬁec?/Q‘eWE%sbi ndi7(r)lg o
carrier an wt.% pol yner . .an I u w %
pesticide, 10 wt %eygc%b%ﬂcfn&gsv&%}bmé}lﬁgﬂﬁg %:fagrgltg?'ga%aéﬁwv&%/otp% Ségg%liﬁ 85 wm %
pol yner. For 8 oftOt BECERfH thel BePd Bte¥sEuHRYi ce i ncl ude 30 sheets, rods,
pellets, and two-part constructions including inner part and outer part

rods or pellets, and/or multi-lam nate sheets wherein one sheet contains
the pesticide or pesticide and binding carrier and another sheet is added
to prevent phot odegradati on of the




35 pesticide fromlight exposure. 4 DECEMBER 2003 WD 99142264
PCT/ US981 03265 -18 When the controlled rel ease device is fgr o]
the wooden object, the pesticide rrust be | oaded into the ngDE&méER%ddg
sufficient amounts to maintain a "nnimal effective |evel. %1{ referred
to maintain tW@%4R¥ncentration in parts by weight of the ¥ Mﬁ”?r om
about 50 to about 80, the concentration of the pesticide fromabout 5 to
about 30, and the concentration of the bi-fling carrier fromabout 5 to
about 20. By so |oading the polyner, the mninumeffective |evel can be 10
mai ntai ned for at |east seven (7) years. As the concentration profile shown
in Fig. 1, a polyneric controlled rel ease device can maintain a m ni mal
effective level of Pesa¢ednganterwitltithgr Eurehenabisgs of thenPrergAtsi ngl e
application net fl@ﬁ&ntiénThﬁaé:l%wes poti ;nheear tseide itheewboden cibiekave any
physi cal shape. ta%hga é‘ﬁ]ed |1§vggs¥ﬁ ?nts_hgep‘_;ggg_c\yggdgg ghject, it is

a con

desirable to havae |ce sh ormt avity. Sheets

sl eeves, mul ti plaarragdr sateraliy énddjcﬂ@l(‘}H%éBJtBkthI golggplar @md covers, 20
and strips ase qusgoasfeiEfisidheasdapryyitrhdtinably eniedyilpebprueent
Invention. Ins gi‘ﬁf?’aéttldn oget?ﬁé awtgo%. Eerh@@tﬁ‘eog'hat ﬁoig@uﬂ_ev' ce into

i

the wood in aliq orm not_ salidify once
it is incorporat ed T’F‘%rprﬁe&ahﬁY%“t’é’“peW?E?]beé‘y@éﬁhggx? UiPEPREed into a
mol t en pol yner wiijektsaand hetvaptages ectidd bash polunderstaed wittho a cavity
:AE tﬂef Wfodten g?i&%&-en%-@etcpcﬂkbénﬁétif@é}ll %@'sbgh%ir:]ﬁﬁ-) berreat gegd 850l | flt devi ce
ic its tig In cavi mla gsticide in a nolten
pol ymer 30 iy g"’br‘?’%hsgp?a%%c%'}paﬁsﬁ &ag *g8f-and all owed to
solidify, creating a devr ce which surrounds a portr on of the wooden object
as illustrated in FIG 3. FgfrgH iDESERIPPIS OFASHE | DRIWINGEsed in FIG's 2-5,
it is preferred to insert the device as a controlled rel ease 35 devi ce near
the center of the pole so that the pesticide 4 DECEI\/BER 2003 WO 991 42264
PCT/ US98103Z65 - 19 FEGcak rifed 8elsBiAtd hyeRFeIRGAsA2naT | YRyi tudi nal Iy by
the capill ar}y acicmparmsoh hef woadestratcicamse of Cageestisédeedpplimsl dpening into

the pole nust be %@&Le&ow%dsﬂwehé pddeRsdr ank s cePoef ehe@ldresehbe seal
utilized provides

di f arri.er forthe Restl ce the cavity
in the wooden ob‘]’%’r‘?f‘§"?§ 'b‘f taeﬁ'°8$%’ét°ebd’en°t api T c%&oﬁ()?? tf%'leérﬂlel n, the
devi ces of the presBRE. ihJensi Bﬁr%l?@téﬁ’?eﬁl%‘ﬂlﬂﬂ &r FOR S Y@ oE yashown in
FIGs 2-4. The dro@qeheﬁepépﬂdiﬁ bobell sHowdwi €ke NMBycatdoanytdileret er from

thread 10 size eing% ;eeil.%ta’s bl Q:roﬁgﬁi'gpééﬁ fRogabpadndl Rikfch to

about 2 inches. cﬁ;rle Be an engt Is preferably a length
t hat does not eﬂ@nﬁ%é?@ﬁd%"l@ét&%den Ob] ect. For a device inserted
longi tudinally in aFperti ds ef perswodsnepuiew taf bewpbderd-dlepbangr ade, it

is 15 preferred ﬁch@t bgl;_lﬁ | enleRa0hy LR §Rweess apPItel pebSéyt Mt ch the

di stance of the wooden oI e ex Iow r es an
enbodi ment of th‘rr‘é’ef‘ﬁ%@ t DS Fﬂl?%’ﬁ Q aegleggﬁb?oﬁ%# %tegge devi ce

51 already 25 i rresest hbueenttilen-t op of the ut|I|ty pole 12. FIG 3 shows

t he process of treapi®@g Angakr §a£bpéﬁt|1$'bl agewitdfl ithy wodder tellephbhe s
figure) the | ower .end_o h R a8 using
drill 40. A col IBS*e38%] %Iéet% a u%&%haeé Q% gléjc{o‘J Sﬁchafgreélﬁ ZSBas t he
drill 40 is bei r@%&ghéﬁnm@dénﬂﬁ‘i?rldﬁécﬁo‘t”ethlf SFPESSARY | | ustrates the
finished pole llirffenktién.3 wWith the controlled rel ease device 50 inserted.

FIG 5 illu ates lilvany 98 ebﬂmaw m_{ﬁgtdbgﬁlteoﬂomA drill
20 is used féc())rbore a?ﬁolelgo Egﬁggh v 1 5

e, r.ovi.de rvoir for
the controlled rfé}ee£§8°ﬁ§§/|‘?:femﬁ}:§' %t’s‘ﬁ’o\ﬁg %g? C%ngs 2, wherein
it is preferred denn.lclaseftthdfr@rceant-oim@mtﬂepea%@ d’@\‘l’ weoden r‘lﬁﬁ‘rl’-ttlbfe center

of the tie 72. AQef eLhsfidPde phrSfaBRRseakéaNdnNehedBsre frecitasi sm

capabl e of m)Verrlgz"enstt1Cc)::.o:ie releasing device of the present invention.



4 DECEMBER 2003 WO 991 42264 PCT/ US98/ 03265 -20 rails 90, inserting the
controlled rel ease device 52 into cross-ties 72. The rrechaqigmsﬁﬁﬁé@ge
a plurality of drills to bore holes into the cross-ties 72. In another -
enbodi ment of this jinvention, the polynmer 5 is placed in c ith the
external surfd@®”8**f he wood obj ect. This enbodi nent provi gg@.@ﬁ@a# ate
protection for the wood. The enbodi nent nmaintains a mnimmeffective | evel
of- pesticide at the surface of the wood anld,-if in contact with the soil,
the 10 surrounding soil. Preferably, the concentration in part by weight of
t he pol yner ranges from about 50 to about 80, the concentration of the
pesticide from about_50 to about 80, nore preferably from about 10 to about
30, and the concent FadGi-of dF 2 IRETFPREFHGE darKi ef fhoofrabsnsd 1oraqksl5 about
20. By so | oadi ngowfteed ey peilrddit titeni whivtefcbackiy ecHee polsttapade

mai ntained for ake] SAng AU6Tcd JoohERldor P URUCEnstdLitiOULdabE NOLED ¢ hat

rf@&@ é%%@
t hese concentrations can be varige y the user according to esired
results. 20 FI G ¥ith &ii¢ graaert ifweatidRle of providing external contact. A

coat 60 is applied FIGpoVeid 2 iperBpéctike Siiawl af |the hotoah &fl 4 s applied to
the bottom of a §3bddPdi8E0ySpdie® cbPerddGRRCRALSNEG118H BLE AP €d in

order to protect the woQd structures before the.pesticide 25 Inserted into
the core can diff eeast%gmiﬁﬁ TIERYGEE G BEERTEMCH LD 8Brface of the
wooden obj ect. Témbatimentsofibtke trregenyiidweaniommedi ate nini mum ef f ecti ve

| ﬁ/el t_Of plesti ?:i de. FRepesdifg w&a?émt;&l &gewocif @Q%a&@%é@r%ié mgx_ssei nit mm |
effective le c sQ.be in ed in_the. adjacent soi
or struct ureydaBo %w%e%\h&%g%dl%%soﬁg\fve hwe?tv?f\bgdc‘?%%’l[olehf% BFSE}%%%-H e 70)

bei ng in inti mateekenfcadtYF tFPrItEusted dde agsprdance wathnakher embodi nent
(FIG 9) for proansbdigert 6f Nele pEBEESE ,indrepEDdLCt i Ve outer | ayer of

pesticide can be 35 pl & L (g i £ h Il 20 to
PoTd < 4 DECENRER SE03 b b i 53R P SedtTRERF ikl o 3 b SRS Kt g2

rel ease device SRPLerFTrRawpdsd Proacemiilied-geless A§VPSPtially covers the
wood obj ect IR0.cdtemichgd 1iM)a@ertihncea prlthedn costtadigent anf behepl aced on t he
wood obj ect acco%ﬂigagmt 9nvs¥idy.eference. The 5 coating and ring

enbodi ments of this invention have been shown by way of exanple and do not
limt the scope of this invention. The gesti ci de nmay perneate the wooden
obj ect by several mechani SAEAIFER HESCREPHIGIHOFr THRANENTIZPYbl e, 10
pesticide is used and the wood contai ns enough noisture, the pesticide is

carried by the capiklafys a6 0R;: 0 0443%#@9& StHHGbH svitgﬁgcﬁﬁfqhgggreel ativel y

pesti ci de havi ng vapor gressure of _.a

out 1 nr, at 25
qui ckl'y through TIEERSr 538 B FERFLY W&agF?[}&\fl_%lgs’j5C?fﬁf?w J8&eous
di f fusi on. Such pesicitéiveecheatiifdals sontainigy &t okmasteocpenfergiaidehe peri phery
of a tel ephonle Pﬁ'tﬁh ianbiixb&iﬂl g 4ak@ibr ramt;hfbfoﬂ@efﬂ%&uhchﬂ:e@umvi mghvapor
pressure equa r an _abho iffu e y. se
havi ng vapor revss)os?(uar 3‘k§$§1f1éns%.pte%gng = c])'ﬁ %éa]lergr)rgr% ﬂébg%é n%af)?g?’\‘eéc Fvel y
di ffuse t hr odgh f9s@edloby. Plrcingathe kaynde frinle MHEFBYE etP¥1%ase devi ce
may be positi ongmbleneer nafie/ prilgmer nayt dendkéy & prafuami ef ya afonlomeat i ons
wih respect 10 dhg YBRORI: HdwdekUifac ik 2ReP! ARSRAARAYS NWR] Lexel, the

pesticide is carried eral’ly and 1 ongitud] na c% b\ﬁ/hrméec,ul and gaseous
di ffusi on and | GHFitPudPhest )Prb)?n?'héuﬁfgilﬂ 8PP FOFo B 9 FiF SHood structure
and noi sture. |fdgplageenatodrthabwatd #ttgebing pesrekcontred Iednnelehrbect i ve

| evel can algo hgy3@emuintained in the soil or surface surrounding the wood
structure. 4 DECE%gﬁgzé%%%%king pests include but are not limited to

microorganisms for example fungi, and/or mold;

macroorganisms including insects and arachnids, for
example ants, termites, beetles, spiders; and
35 combinations thereof.



WD 99147764 PGTI US98103265 -22 Exanple 1 The followi ng controlled rel ease
devices were made and tested to obtain their release rates fpgeEMBER 20663
devi ces were made as follows. All devices, except for S those enploying -
S-113 uret han injection nolded into a thin sheet ab ch
thick. The deglb(?\é\’%éﬁ"pl oying S-113 urethane was case, a net EH&U%D?E% ly
used for thernoset polyners. Al thernoplastics were fornul ated usi ng

suf fici ent amount of carbon black to 10 cddry pesticides. All thernoplastic
polymers were formulated with 10 percent pesticide, 3 or 7 percent carbon
bl ack to absorb |iquid pesticide and 87 to 83 percent by wei ght of polyner.
Specifically, devices nmade fromthernopl astic pol yners and del tanethrin and
15 | anbdacyhal ot hrlﬂeﬁﬁﬁtaé}%é’&tsrb%%’%@rﬂn 8f ¥erdsh AbisEks Metddprdes nmde
from t he renmi niimgspédti canlése anréveheedfiprast propuigedepertohta ndee?
percent of carbggy Bl éSKc:-Ji’b?é&'%l@ﬁﬁe@éi& b e & léeie%%hé‘%k?es%_ Jiggr noset

20 polyner) Were made froma p m x cont ai ni 6 % cast or
oi1) and 5% of TrPA B’éFaﬁ%’f"‘W%Pbﬁtmt?né Bol r‘?’?’ieEBnﬁﬁl sed0 90s of

the total wePghmadhtahe aeviesst Bhpopesin ofdenchettiearst Above wenprised the
rT ﬁmal n: ng 1;)% OIpetaiagcﬂsal@&cé}m@ew@trumtae&nw@é &!ﬂ%@ﬁt?ﬁ thuh s ?ew ge

e pol yner/ pestic as i.ng sheet an
heated at about R gﬁt‘,l &%boﬁ" Wgef’bc%‘b Qrﬁ]:rrgfegr?%e r"&v?ﬁ{'el?fhsclansheet One
i nch squares wer&evhaeh peat finfiesthAbiemiaf yheder qhigctaeve tdjtdet i on nol ded
or cast, and thexpgueeaslimitamdlotesid chgectel easr erRbABLAS tsiélown in Table
1. 4 DECE l\%?ggl ease Rates
for Pestici /P&%ggge%%{hgﬁqgﬁg% fg§§’8 i?gg’r-sg??lé?o%?tl $%er el ease
Rat eDel t amet hri rﬁ’SciIBaﬂﬁle‘i%%aEmwchQPG%NWVcP‘B g% at
~Cg/ cn/ daypel | dehanet @ddd- 8(2A3. §eatly)/oril pdafpealigt banke@dDEiFai8. 0
~. g/ cn2/ dayAl i prisip§ Peaf9; 1007. 2 ~Cg/ cn2/ dayQ/per nmet hri npol yur et hane
3%:8?0”3/ a’ g{z)CerQ/ ?ﬁy Ol yur e%g%ggégtg}Zﬁoénres;n lnven(gaggv 01'76%:31‘2ez.t§ng
~Cg/ c ayPol ye
-2~t2 86 (2: n(!;/ dayl_lign})gfaeslhal ?Tﬁqq?@layuzemfeoglgmg ;P;deg/ ehwﬁcgmymgguegt hane

~g/C QYEVﬁr O3A% 16 macgée g0y sefigl thEa®

P. g/ cnk/ dayTef | argl ég% h 3400 ypoL ane 220025 0
~. g/ cn2/ dayEVA % ﬁ% :V K ?‘3 Fgo.ﬁO g’fréxf'ene g %%1[23} 15
S amtr et e S e sl o
~g/ c ay ay eweD e e
ont ol e Fe1 oase Seu s ther Lo oL Eheets mgg“f@‘ i g 0w
pesticide, 10 mf/?ﬁ?hﬂirﬁ’g ein SBovRe /e'hl d ﬁs?‘(fjlsﬁspol"’QB Y1 ene
(Pol yet hyl ene MEsai¥goad(ies, FODRGENBERIL0DITHAD wrznzamor:i@cgusgsl 03265 |,
_2q, _ Longevi typgacindsNGidoddnotesde glost Bi CkieIhel 31ROOWRY AtTahbe1d. Tabl e

erpor s aoe 1ot 20T kAP YY o1 Fed UACERE Y, 23"EEm MRlcplaBgeS and
enper at urez%o

objects” is used herein to refer to objects made of the
wood, i.e., out of dead tree trunk and branches. The
term “wooden objects” 1s not intended to refer to live
trees.
The device of the present invention can be installed
30 in wooden objects which are already in the soil and in
those which have not yet been placed in the soil. The
present invention is effective in treating both the
wooden objects that have been infested by pests and those
which have not yet suffered from pest infestation.
35 Preferred deployment is for the device of the present



Pesti ci deSheet Thickness (nil)Rel ease Rate (~Cg/cne/day) Q 23 CLongevity

(years) ~ 23 CLongevity (years) 35

CPer net hri n601. 58. 63. 2120176. 52403513Tef | ut hri n601. 39. 13. 1| 2%5&%‘@554 03
0. 4Di azi non6011. 71. 10. 61202. 31. 32404. 82. 7Bi phenyl 603. 52. 52. 11205. 14 424011.
29. 1Di chl or opW&P8EE41. 61. 41203. 33. 02406. 86. 4 Rel ease r at eECHP8/03265
substantially decreased conpared to 25 those in Tables 1 and 2 by an

addi tional layer, for exanple netallized Mdar or Saran that is added to
prevent phot odegradati on. Exanple 3 30 A device having an inner part
surrounded by or encapsul ated by an outer part is constructed having an 4
DECEMBER 2003 WD 991 42264 -25 5 10 15 PCTI US98103265 overal |l nass of about
100g. The inner paventiont dionbe 6nsttakleds in cthie wanded (ohgteXthi hbeémg carri er.

The outer part iﬁetléé)éh cteias'Eytp@iaeetamyhea&&folaeahfﬁ@qmooué%dé.'-
Rel ease rates ar g, shown, |r) abl e. :.de reb? A rat% «Je_gs% tte fgr Encapsul at ed
Two- Part Const r uctt on \ﬁ'es?t | cPﬁeﬁé‘f €asé 3?‘% g/ cm c) CLongeV| ty

(years) ~ 23 CLOWQWQJ}" (a)t,:e&pggt &yportion of t:he wooden object at the

CPer net hri n165838Tefunt riradd 3&d Sldivaai. n0A2 83 Bhpbien ¥pae3 £ 284% £y or ophen24

5628 Exanple 4 and the appended claims, the term “minimum effective

level” is defined to be the pesticide level which can be
tolerated by pests. In some applications, a creation of
an exclusion zone which pests cannot penetrate is

10 sufficient to protect the entire cbject. The creation of
such a zone is advantageous in that less pesticide is
required than if such a level was maintained throughout
the whole object. Also, it often is much less expensive
to install devices for creation of such zone than for

15 treating the entire object. Finally, the creation of a
pest barrier or exclusion zone is advantageous for
ecological and human safety reasons. This is because
most of the object does not contain a pesticide.

The controlled release devices of the present

20 invention preferably have a release rate shown in FIG. 1,
which is initially rapid so as to bring the pesticide
concentration of the zone in the wooden object or the
entire object to the desired concentration level as
quickly as possible. Thereafter, the release rate is

25 slower, preferably just sufficient to maintain the object
or the selected zone of the wooden object above the
minimum effective level to prevent pest infestation. The
initial high release rate is achieved by allowing the
pesticide to release from the matrix prior to inserting

30 the device into or onto the wooden object. The amount of
the released pesticide can be varied by the varying
temperature and the amount of time for the release prior
to inserting the device.

It has been found that hydrophobic polymers serve as
35 effective pesticide release devices because they can act



A pellet is made having a mass of about 100g and a 20 surface area of about
150 cne. The polymer is 70 wt % hi gh density pol yethyl ene, WBEC@MBE%ZO%
pesticide and 10 vvt bi nding carrier. Release rates are shown in Table

Conpari ng Tabl e to Table 3, it is evident that the encap pa-rt
construction %?8?/1 s longer life 25 than the pellet. %&&8%03 WO

99/ 42264 -26 Table 4 - Release Rates From Pellet 5 10 PCT/ US98/ 03265

Pesti ci deRel ease Rate (~Cg/cm/day) cs~ 23l3GLongevity (years) 23
CLongevity (years) Q 35

CPer et hri n123014Tef | ut hri n113316D azi non458. 15. 1Bi phenyl 1622110 chl or ophen
113316 EXAMPLE 5 An experinment was conducted to denonstrate the effect of a
bi ndi ng carrier ah nesesysérs ansl refeade obeIYIAEIRg BRERRHANS ferethef| uthrin
and | ambdacyhal gidytiriige . anTidpare ablé vé %urdieohi ndi i scaahher Was carbon

bl ack i n anount 0 % | t

pol yet hyl ene (N}eﬁ?@%&m%}{%g%% e % %\ﬁslgl/eéré;%rlfgggﬁr deﬂ| g%tg?gés ayq‘dt er
fabrication wher@t¥ixaapgFesaa® \ﬁ@?érwl’ Ecﬁ%é:ﬂ‘leypﬁﬁti'"e’rﬂ?ve Morearer,
accurul ati on %f tieseapedyheniar mateichsntamlproRestl thse pestikdda fromabl e 5.

TABLE 5 - Rel ea r % ; o
Cheni cal Carbon B z;'g%td \?vtlg/{gRel eHMsse %Htg e G T

~cg/ cm / day) t ef |5 MPLRG31E A &ﬁFFH&o@%ﬁnﬁBacw&ﬁ‘cﬁ%ﬁ f8%.48100. B130" 2
00.61 4 DECEMBERS2808i¥D DSA2064 PUTE USOSY G8E65sumpunding the

device. Hydrophobicity of the pesticide containing

10 polymer is preferably less than about 13 on either the
HLB or solubility parameter scale. More preferred in a
hydrophobicity less than about 10 and most preferably
less than about 8. Specifically excluded are polymers
that are water soluble, and/or have ionic groups (e.g.

15 carboxylic acids, sulfonic acids), and/or have been
treated with water to form materials that contain water.
However, the present invention includes blends for
example polyethylene and POLYOX wherein POLYOX is a water
soluble ethylene oxide polymer. However, the biocactive

20 pesticide is contained within the hydrophobic polymer.

The pesticides used in the present invention depend
on the anticipated pests which in turn depend on many
factors, including the type of wood, the geographical
location of the wooden object, and the soil in which the

25. object is maintained. In most cases, the pesticide is
selected to eliminate fungi and wood boring insects. The
wood boring insects which cause particular problems
include carpenter ants and termites (soil born or dry
wood). If a single pesticide does not eliminate all of

30 the anticipated pests, the device can incorporate a
combination of pesticides, as long as such pesticides are
compatible with each other or one another. If the
pesticides are not compatible because of different
release rates, or, for other reasons, separate devices

35 can be used for treatment in accordance with the present




5 Cosure It should be apparent that a w de range of changes and

nodi fications can be made to the enbodi nents descri bed abo [
therefore, intended that the foregoing description be rega\a?gthsMBER 200?
illustrative rather 10 than limting, and that it be understood that it is
the fol | owi ng™O%# 8! i ncluding all equival ents, which arePFRUEHERE to
define this invention. 4 DECEMBER 2003 28 CLAI M5 1. A bound friable

m xture, conprising: (a) at |east one bicawt4 ve chem cal; bound with (b) a
binding carrier. 2. The bound friable m xture as recited in claiml,
wherein the binding carrier is selected fromthe group consisting of carbon
bl ack, activated carbon, alum na, hydroxyapatite, silicoalum na and

conbi nati ons t heinsti®n. ThRohderitesawhd/ari anuse e peeseadlyn claim 1,

further conprisipererped- pesyiEide 4s 4NSyRAMIGN] ré@é&ﬁl@hﬂy%@s recited

in claim3, wherein tlhe gggﬂ t%?l mer_is %ﬁt héeene ChY The” bound friabl e

mxture as recited EAcclh ePEFT® ?T’%%‘ﬁé‘m Al isin a

liquid form dur |m‘bﬂ-6ﬁlﬁ11ﬁgs stherepfi abPeher preferrsl pestonides | atbludecase

device for dex erdsip&@iaﬂ.@?eféﬂdi@&ﬁrbkiéﬁa Ngh1ReHY 81 FSHTP b3 HNGnad & Heound

friable m xture ‘%Iadgl,ng&.w nfll %E’EEQY%‘B‘F Cgleﬁlgg t| nuous polyneric matri x.
re ecited |

7. The controlle ease eV| e as n claima®o, V\/ne.re.l n said
bi oactive chemnical Eefpfirds @epeitideridnsdrde it rrenmehel igrided tonsi sting
of pyrethroid, itdf-ehpbesnidmezhanatenderntcae sodddnamebthsiopiarahgn cal s,

tefluthrin, per f SRS, &ré,gy, S d ]ﬁ;r]nr

resmet hrin, gdel 'g;tggﬁ{rlgﬁ &t en%g?ﬁcr’lem Eg%o?mir ?':g %E%‘F oan

conbi nat i ons' 't hetPesF. © STRREr ¥PFEE L§I° UB N®Atd¥1as recited in cI ai m
6, wherein sai d dicbaecaveondteriupdbr colmpriradenane | \&g=m, oRe3 f3gici de. 9. The

control | ed rel easerdeMbToérds I @Gbt edbéﬁhdauahah&udﬁw eh8 SAddbraagi cide is
sel ect ed fromt g;gm_) con isting of tur < cg Bﬁe‘g}tromet hane a m xture of
I"u

met hyl i sot hi ocyanat e an Ch ar(l)ap“ru'o
di t hi ocar bormat e nthBhsnﬁt%etdrl&@ﬁemh%nll AB odnRide éléfﬂ CI um cyanani de,

bi phenyl, cdSpercombphabosed e hete6bl orpheferréanfunyikiidesxate ﬁ.@ﬂxenyl
conbi nations th 1%H or el;l'heangoeﬁgi rxg_q:rrlglr e@,E \fgc 2 Oy rs%‘ih]&: in claim
f . ed

6, wherein said In carrler IS ca The contro rel ease

Forf!
devi ce as reci té‘(’.‘il .hn% HmEL %8?%.%?&13&%8?3%& 5PSL8Y d pol yneric matrix
i s hydrophobi c. pe2yeThelemnt r Gheednowite afepdiynee i@sprefetaaly abohai m 6,

wherein the pol ygewt of ws@lh Euah ¥0BE | fn MR Bnduh® HRMEebEE: T4 Qs R group
consi sting of | %\goggn?b t‘y%%poln%et hgl eé"le h| grléj!enm Ly QO|,_¥9§ | ene, vinyl
o )

acet ate, uréthane cone neo PSoprene afd combi nat i ons
t her eof . 4 DECERREFS Zf)‘%)’e tu°29b<£3t Ihetdont roI I ed rel ease device as recited
in claim12, whereiOtidre emmpuahea.nﬁecsabﬁddsmwm&lﬁde diblte adiexhibte are

envel oped wi thi rhrnbge@ a/mesraf%ngﬁedg qun%élemae Cpbephagl- 1,21 ease device as

recited in claiml erein s meric rratr|X|S|nteformofa

rod, pellet, stPFpmgY E’rfe'etpyrfﬁhr’l%e f€6’ﬁ’P‘V 5RTRd YeELEEREYe\AT%e as recited
in claim 6, Mhelcemhmmcg;m yirereof nmeta iwelilsas nin lcompinat iofn ¥isheety 16. The

controlled rel e@ietﬂé!vlbﬁéiu%%swcbi@éh |§§5Q5_aia3915 wherein said cont rol | ed
rel ease device furt c)e-Lr r%segma ogg ofl?.ﬁ retar di ng gr eventi ng
8 e 2 S8 FeEtT

phot odegr adati on of St | ease
devi ce as reci téGPf*’nd%l‘&?% tbe Ferpcimoneoﬁww}meé t ¢ $hpm Hasddeont ai ni ng
metal lized Myl athespsks, o oeonbs nadtdein sukb&e€of The8po Teer aiatkabéed

rel ease devisge gast o6l Laghd Ro ChalD Lhe YOSLSID SALd.DigAFtive material

conprises at |east one pesti CI om t he group consisting of

pyret hroi d, i sofEHRPEREUTSRRS] @‘Phﬁ"élr%at Mpreeyam| SepreRR (98 Shehsni cal s,

tefluthrin, permekédiexpdsirexyoative elfdmenpy/ ifies makaibenayseal ﬁbhébdﬂ:

resmethrin, del ttagei%mémm&psa "BAIY gem%e.{}m bl e £3d | dldi L fo
eo re

combi nations th he_con vl ce as .reci
17, wherein sai &%%%W%“&ﬁéﬁf% Ilr} afiBRReh SRSt HPe ST %eeThe
control | ed B8l easeuitearienesas Férst edit mustabernbmndV\hermm wdogd polgneric
matri x conprises |ow density polyethylene. 21. The controlled rel ease
device as recited in claim®6, wherein said bioactive chem cal conprises at
| east one pesticide having a vapor pressure greater than about 0.1 mm Hg at
25C.

|n claim



22. The controlled rel ease device as recited in claim®6, wherein said

pol ymer of said polyneric matrix is in an amount from about4 §QC‘EMBEMOC%)
parts by weight of said matrix and said bioactive chem cal releases from-
sai-d matrix at a rate fromabout 0.4 pg/cne/day to about 4 day.

23. The cont r 8/ ¥#?3¢| ease device as recited in claim 14, Wéé‘ﬁ%
polymer is in an anmount from about 50 to about 90 parts by wei ght of the
mat'ri x, the pesticide is in an anount frorSabout 5 to about 30 parts by

wei ght of the matrix and the carrier is in an anount from about 10 to about
20 parts by weight of the matrix. 24. A nmethod of making a controlled

rel ease device useful for deterring, repelling, or killing pests, said

met hod havi ng t H® f&REoW nEFmti@ss intagt iBimingghandking| e SAFRRdr etconpri si ng
a binding carri aiusangratideasi adequat®atififuesiohebaralersdoasthe® bi nd sai d

bi oact i ve chem GalarliQ; 581 o @HatCEhe 3 dde &aegr@matuenqoasa@lﬂlound

particles of sai'd carrier a sal bioact1ve chemcal I nto ol'ymer to
forma pol ymeri it £P% EESPRYVESE ot HfGundFpartiel éde Sehe‘ESE’GEI\/BER 2003
30 25. The met hatheopotiaemmikt whecentn fidre thkephafadterdspacatofgneonpri ses
formng a nelt qjesttlgglggl ymer and the bound particles of said friable

m xture. 26. The rreEJ(émof cla 25, V\,he ein hefrl gnxturelncludes
the carrier, the bi 03cfT3E EF}B °fa|‘?’dt ShPR ’cﬂ%/r?éﬁc ??n FHONFR®d as
recited in clai m2¥idiherdian dtehérbﬂowamlteaﬁe rhtes cfdr itdei peaticigieisd f orm

28. The nethod agnf BE'&E&jsélrfl‘éldahﬁlg@od‘m%EShﬁsthQ:Hé'rQn%ﬁth@:.&hem cal is a
pesti ci de seloect e f(reom t roggF ngl szjts_l ng ast ret hroEL i sof enphos,
fenval erat e, watfer YO8FBinI % e Broacti V& ChHem c fL STt RHX"‘ Jf)earr’t‘?‘et hrin,

f enoxycarb, chl GIOPPRYTReES Yhemsadcy hBY c}ﬁ’i’r o, e?‘@@ﬂ@c RPEnnoE el ntanddngi n,
cypennet hrin, cywzheamitride sewpbkudbhritis andeﬁandsxi natowoaansiey eof . 29. The
method as reci { GliyAchl Aldg 24 aHhELElY BB1BLORFINE CRAPL CleciRupr | SeS

| anbdacyhal ot hri'n recit erein'the

bi oactive cheni ¢t ?‘%“% RAMYEEF8E" s%it]e’tf’Pé’ﬁ f?ﬁ?ﬁ“ﬁ‘?@ gFBg 13PEEREL i ng of
tri-chl or oni¥r orrsilimer, and woxpaol ynerf qast @R b@twﬂaﬁcy-anabes aimient3on.
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The nethod as rmlveahﬂvﬁnﬁ YART 990 mw@nswél%wééw VEYESHicddls conpri ses
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conbined with a™hrg yirer e ‘method as recited in claim
27, wherein said pre- polyner |s sel ected fromthe group consisting of high
density pol yethylene. 38. The nethod as recited in claim27, wherein said
bi oactive chemcal is a water soluble fungicide. 39. The nmethod as recited
in claim26, wherein said pre-polyner is selected fromthe group consisting
of urethane, polyester, |ow density polyethylene, and conbi nati ons thereof.
40. The nethod as recited in claim 26, wherein said pre-polymer is a | ow
density pol yethylene. 41. The nethod as recited in claim27, further
conprising the step of drying said binding carrier prior to mxing with
said bioactive chemcal. 42. A nmethod of preventing or retardi ng decay and
deterioration of a wooden object fromwood attacking pests, conprising the
st eps of



(a) making the controlled release device as recited in claim24 with a
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soi|l caused by the invasidirieh, pbstis adrantsietmst he sdepsilder aad/smki ng a

controll ed rel ea i.C recit i | aj 1. l.aci
?gngg%{/#c‘gaﬁ%er' 2 %Jh“ﬂzg @iaénfo dlé’?% ?Ptﬁgé rc%%nlé'g'gfr' ation of

controll ed rel ea proximate the wooden obj
the bioactive ché@RPcAPCHETIRT Ot PR éhSUPEERROY iRt O4s pFERflSH HREREP el ease
rate t hrough sai e¢fppeyuiridendoshéflaadedt invo prioy idéeiaedipolymeref f ecti ve

level to prevent . pest, i & rdsl QEmb Of ik, PREEELEINE NGdLRET G e 3592-064- The
net hod as reci teggl nclaim r r.el ease devi ce

43_.wWherei n _the cont | ed
rel eases bi oacti v&8°cRBNCH aplﬁﬂ”?%ictairﬁf‘ﬁ HIGHSes 82200 a | over, st eady
state rate theredyfdsexyapatiECEABRRIZ00811l30oaBimiTRe #rd Ivshbdoacdéons ed i n

\(/:\Alw a: m 43, dwher ei Rhebgofi nifsdechﬁf h&F eV &nl eNE £dran BB ﬂ&zlﬁim_ % Q&%%Put tﬂe
ol e wooden str : ; C n claj rein the
mnimal effecti vgg%éélglbfllasc}cr‘ra?lﬁ?2%1%??%?35%0%%&%?% he, ?;\2‘:/0]’:0rB é’nb%'?FEcﬁjr e.

47. The methdf asbpeyefarzed biadinuFarhe¥ e Manse SPefificalily s¥hbeared from
t he group consi SKCRY2 0is tdrefepsed Wpadapser BulddreXoeph asds gyre@lkcyier s,

el astoneric poly 20, r T, regited in
cl aim 43, wherei %Btgﬁlép cont %%Pﬁ%%efe%ggggégg%? cofaﬁleg gﬁ%%%qf%?n gfacls%
wooden obj ect. 491CFRE Y@hsaiaRls ddidte 8T nl i PEITOM &EBPRTRRRTE

control |l ed rel eaferdexamge e sipkamwd (Pesthciddlerandr cesppdracapbthsaate wooden

object. 50. The Wﬁﬁﬂgﬂc%)ﬁeﬁhaﬁﬁ&#a@iaénlélaatge\/\/@%?éf\:éd?%iﬁaﬂh ol l ed

rel ease device |§afgl,]z_iczed i n physical contact with said wooden object. 51.
The nethod as recited in clai m 43, wherein said bioactive chemni cal
conprises a fungici % &ight dergitynPeheegrofiec okl Ryef§reed amount
tri-chloronitronmethaigh densiixy upelyafhemet byl dlsatthi7ocyeinaing avd dapor

di chl or opr opane, p§99§1ﬁr@ M‘i@%EBY\!re HlehHi 0G 2% bﬂ{matneamour_xt of about 1?
2,3,5, 6tet ra;l‘ﬂol oro-1, 9- benzogul one, cal cium c%lanam de, _bi ggeny copper
t né

napht henat e, 200 cHFbr e EPenbrRAHYICORFHEr aft SBoRBPYRR dn@PPHE 2bf . 55,
The nmethod as rewt¥ed Far doai deddityf polherhylans:,i pelyesher, nsrethanae

sel ected from t hengrorirzoRel shoutt &t Pya@e&i_tr aisd abbs©fem ]S, ahgnval erate,
water sol ubl e bi %%gézl'vsﬁo]]%‘i? £8d Sar {81 ﬁ&.ﬁ'{éa& E?“ %LLU i, GLgnoxygarb,
chlorpyrifos, lanbdacyhal othrin, resmethrin, deltang rin, cypernethrin,
cyphenot hrin, cyFPetFeHt 2Ed°ROARHALPBRS? tWér £8f aPBE 2R Wikt -Femer
control |l ed r25eaatl deanimatdbns etitiidachfye repalicdaigmay danglel fgopestbauihi ch

approach or conesi . £y 3pbu §6‘v§&i Qngeﬂiﬁﬁn(%%ggrf@/iﬁ%mc Qi g9 a
pol ymeric sheet coppri si ngt (5;1 g, pestici de; ) a carrier, the pesticide
r t

bei ng bound to t KE®c % a carrier bound pesticide so as to
nodi fy a rel ease ratvhegf at hingigst iceirdier rismaddedeoitt hals| bdenefaast devi ce;

and (c) a thernmophastd GpilhydaePivhive BOhYIRY RRvebpRidg sdkdogarrier. 4
DECEMBER 20030-33 54, .'I'A;es mﬁl ti Iﬁy r deV{ch S, L ecl toed n ck}a#m 53df wher ei n
the pesticidd i sPEEFEEAI APFAORTS RO ISFShp” TS L P oY ESW@ hrofy,

i sof enphos, fenvhhereantroidedrrelnass deviercnd peeniid @yaporatiomtdftin,
pernethrin, fenoxyeapdstichilier pyadasrdihgiPrany Hal prbfdrted @8MELASE Mnix

del tamethrin, . eXPELIRINGID, s YPNGROLRNATNG QULLULDILS . BRd-GORD] BaLd ons
thereof; the carrier’1s seldecf‘e fromthe g?oup consisting o carabon bl ack,
activated car bon™%FFs F2, thoE'ehe HeRLictde i PEshetahlyaPeHad colBi9tat i ons

t her eof ; and3f heohherthmplsaztface dfydhephbhdingpaaymber icr dakecthe Hulkm t he
group consi sting of |ow



density pol yet hyl ene, high density pol yethyl ene, vinyl acetate, urethane,
pol yester, silicone, neoprene, isoprene and conbinations t

mul tilayer device as recited in claimb54, wherein the cont ?PF@IF Fgagdg@?
device includes: at |east one additional sheet for retardin reventing
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104]1& ()-*!0 concentratlon profile shown in Fig. 1, a polymeric
controlled release device can maintain a minimal
effective level of pesticide for much greater periods of
time than single application methods.

15 The devices of the present invention can have any
physical shape. 1If the device is inserted inside the
wooden object, it is desirable to have the device shaped
to conform to the cavity. Sheets, sleeves, multiple
layers, pellets, dots on geotextile, pots, pot covers,

20 and strips are only a few of the shapes that may embody
the present invention.

In some cases, it is desirable to incorporate the
device into the wood in a liquid or in a gel form, which
may or may not solidify once it is incorporated. For

25 example, a pesticide can be incorporated into a molten
polymer which can then be injected in a molten state into
a cavity in the wooden object. The polymer then
solidifies, creating a solid device which fits tightly in
the cavity. Similarly, the pesticide in a molten polymer

30 may be spread on a surface or wooden object and allowed
to solidify, creating a device which surrounds a portion
of the wooden object as illustrated in FIG. 3.

For utility poles, as illustrated in FIG.s 2-5, it is
preferred to insert the device as a controlled release

35 device near the center of the pole so that the pesticide
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diffusion barrier for the pesticide. Since the cavity in
the wooden objects is often created by drilling a hole
therein, the devices of the present invention are often
tubular, as generally shown in FIG.s 2-4. The diameter
of the tubular device may be any diameter from thread
size to several feet, but is preferably from about 0.5
inch to about 2 inches. The length may be any length but
is preferably a length that does not extend beyond the
wooden object. For a device inserted longitudinally in a
portion of a wooden pole to be placed below grade, it is
preferred that the length of the device approximately
match the distance of the wooden pole extending below
grade.

FIG. 2 illustrates an embodiment of this invention.
It illustrates the controlled release device 51 already
inserted near the top of the utility pole 12.

PIG. 3 shows the process of treating an already
existing utility pole 11. 1In this figure, the lower end
of the pole 11 is being drilled by a workman using drill
40. A collar 30 is set about the pole 11 to stabilize it
as the drill 40 is being pushed downwards into the pole
11. FIG. 4 illustrates the finished pole 11 of FIG. 3
with the controlled release device 50 inserted.

FIG. 5 illustrates the drilling operation of a new
utility pole 10. A drill 20 is used to.bore a hole 30 in
the pole 10 to provide a reservoir for the controlled
release device.

FIG. 6 shows railroad cross-ties 72, wherein it is
preferred to insert the controlled release device 52 near
the center of the tie 72. A preiferred mode of
application includes a mechanism capable of movement on
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In another embodiment of this invention, the polymer
5 is placed in contact with the external surface of the
wood object. This embodiment provides immediate
protection for the wood. The embodiment maintains a
minimum effective level of pesticide at the surface of
the wood and, if in contact with the soil, the
10 surrounding soil. Preferably, the concentration in part
by weight of the polymer ranges from about 50 to about
80, the concentration of the pesticide from about 50 to
about 80, more preferably from about 10 to about 30, and
the concentration of the binding carrier from about 10 to
15 about 20. By so loading the polymer, the minimum
effective level can be maintained for at least seven (7)
years. However, it should be noted that these
concentrations can be varied by the user according to the
desired results.
20 FIG.s 7 and 8 describe a mode of providing external
contact. A coat 60 is applied to pole 12 in FIG. 7.
Similarly, a coat 61 is applied to the bottom of a
railroad cross-tie 70. These coats 60, 61 are applied in
order to protect the wood structures before the pesticide
25 inserted into the core can diffuse through the wood to
reach the outer surface of the wooden object. The coat
is able to provide an immediate minimum effective level
of pesticide. Depending upon the place of application,
this minimum effective level of pesticide can also be
30 instituted in the adjacent soil or structure. Both FIG.
7 and 8 show the wood (pole 11 or cross-tie 70) being in
intimate contact with the surface soil 71.
In another embodiment (FIG. 9) for providing external
contact, a protective outer layer of pesticide can be

35 applied by using a member 110 with reservoirs 120 to hold
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the controlled release device 53. The member 110
configured as a ring partially covers the wood object
130. The ring 110, as the applied coating, can be placed
on the wood object according to user preference. The
coating and ring embodiments of this invention have been
shown by way of example and do not limit the scope of
this invention.

The pesticide may permeate the wooden object by
several mechanisms. First, if a polar, water soluble,
pesticide is used and the wood contains enough moisture,
the pesticide is carried by the capillary action of the
wood structure. Second, the pesticide having vapor
pressure of about 1 mm Hg at 25°C diffuse relatively
quickly through the porous molecular wood structure
through gaseous diffusion. Such pesticides diffuse
through from the center to the periphery of a telephone
pole in about 4 to é months. The'pesticides having vapor
pressure equal to or less than about 1 diffuse more
slowly, and those having vapor pressure of less than
about 0.1 mm Hg do not effectively diffuse through the
wood.

As stated above, the controlled release device may be
positioned externally and/or internally in a variety of
locations with respect to the wooden structure. If
placed above ground level, the pesticide is carried
laterally and longitudinally by molecular and gaseous
diffusion and longitudinally by the capillary action of
the wood structure and moisture. 1If placed at or about
at ground level, a minimum effective level can also be
maintained in the soil or surface surrounding the wood

structure.
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devices were made as follows. All devices, except for
5 those employing S-113 urethane, were injection molded
into a thin sheet about 1/8 inch thick. The device
employing S-113 urethane was case, a method typically
used for thermoset polymers. All thermoplastics were
formulated using sufficient amount of carbon black to
10 carry pesticides. All thermoplastic polymers were
formulated with 10 percent pesticide, 3 or 7 percent
carbon black to absorb liquid pesticide and 87 to 83
percent by weight of polymer. Specifically, devices made
from thermoplastic polymers and deltamethrin and
15 lambdacyhalothrin contained 3 percent of carbon black.
The devices made from the remaining pesticides and
thermoplastic polymers contained 7 percent of carbon
black.
The devices made from S-113 urethane (a thermoset
20 polymer) were made from a polymer mix containing 60% S-
113, 40% castor oil, and 5% of TIPA catalyst by weight.
The polymer mix comprised 90% of the total weight of the
device. The pesticide, deltamethrin, comprised the
remaining 10% of the device. No carbon black was used in
25 this device. The polymer/pesticide mixture was cast into
a 1/8 inch thick sheet and heated at about 60°C for about
40 to 60 minutes to cure the cast sheet.
One inch squares were then cut from the thin sheets
that were injection molded or cast, and the squares were
30 tested for release rates as shown in Table 1.
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Pesticide Polymer . Release Rate
Deltamethrin §-113 urethane 25.2 pg/cm2/day
Aromatic 80A 16.8 pg/cm2/day
pellethane 2102-80A 8.8 ug/cm2/day
pellethane 2102-55D 8.0 pg/cm2/day
Alipmtic PS-49-100 7.2 pg/cm2/day
Cypermethrin polyurethane 3100 0.4 pg/cm2/day
polyurethane 2200 0.7 pg/cm2/day
EVA 763 27.3 ug/cm2/day
Polyethylene MA 778-000(4.6 pg/cm2/day
Lambdacyhalothrin |polyurethane 3100 0.7 ug/cm2/day
polyurethane 2200 2.0 pg/cm2/day
EVA 763 20.6 pg/cm2/day
Polyethylene MA 778-000(5.2 ug/cm2/day
Tefluthrin polyurethane 3100 6.4 ug/cm2/day
polyurethane 2200 25.0 pg/cm2/day
EVA 763 40.4 pug/cm2/day
Polyethylene MA 778-000]27.0 ug/cm2/day
Permethrin polyurethane 3100 1.4 pg/cm2/day
polyurethane 2200 1.3 pg/cm2/day
EVA 763 28.5 ug/cm2/day
Polyethylene MA 778-000{4.0 ug/cm2/day
Dichlorophen Polyethylene MA 778-000|6.2 ug/cm2/day
=
Exam 2

Controlled release devices in the form of sheets are

made having 10 wt% pesticide,

10 wt% binding carrier and

80 wt% high density polyethylene (Polyethylene MA 778-000).
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Longevity as a function of sheet thickness is shown in

Table 2.

Table 2 - Release Rate and Longevity as a Function of

5 Sheet Thickness and Temperature
Pesticide Sheet Release Longevity|Longevity
Thickness |Rate (years) (years)
(mil) (pg/cm?/day) |@ 23 °C |@ 35 °C
@ 23 °C
Permethrin 60 1.5 8.6 3.2
120 17 6.5
10 240 35 13
Tefluthrin 60 1.3 9.1 .1
120 18.2 5.9
240 . 39 10.4
Diazinon 60 11.7 1.1 0.6
15 120 2.3 1.3
240 4.8 2.7
Biphenyl 60 3.5 2.5 2.1
120 5.1 4.4
240 11.2 2.1
20 Dichlorophen 60 6.2 1.6 1.4
120 3.3 3.0
240 6.8 6.4
e S

Release rates are substantially decreased compared to
25 those in Tables 1 and 2 by an additional layer, for
example metallized Mylar or Saran that is added to
prevent photodegradation.

Ex 3
30 A device having an inner part surrounded by or
encapsulated by an outer part is constructed having an
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The inner part contains 60
The outer part
is high density polyethylene of a thickness of 120 mil.

overall mass of about 100g.
wt% pesticide and 40 wt% binding carrier.

Release rates are shown in Table 3.

Table 3 - Release Rate for Encapsulated Two-Part

Construction
reaT—— r
Pesticide Release Rate Longevity Longevity
(pg/cm?/day) (years) (years)
@ 23 °C @ 23 °C @ 35 °C
Permethrin 16 68 38
Tefluthrin 31 35 18
Diazinon 28 39 24
Biphenyl 35 31 23
Dichlorophen 24 56 28
Exa e 4

A pellet is made having a mass of about 100g and a
surface area of about 150 cm?’. The polymer is 70 wt% high
density polyethylene, with 20 wt% pesticide and 10 wt%
binding carrier. Release rates are shown in Table 4.
Comparing Table 4 to Table 3, it is evident that the
encapsulated two-part construction provides longer life

than the pellet.
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Table 4 - Release Rates From Pellet

Pesticide Release Rate Longevity Longevity

(pg/cm?/day) (years) (years)

@ 23 °C @ 23 °C @ 35 °C
Permethrin 12 30 14
Tefluthrin 11 33 16
Diazinon 45 8.1 5.1
Biphenyl 16 22 11
Dichlorophen 11 33 16
EXAMPLE 5

An experiment was conducted to demonstrate the effect

of a binding carrier on release rate.

The bioactive

chemicals were tefluthrin and lambdacyhalothrin in an

amount of 5 wt%, the binding carrier was carbon black in
amounts of 0 wt% and 10 wt%, with the balance high

density polyethylene (MA 778-000).

Release rates were

measured at 6 weeks after fabrication wherein samples

were wiped weekly to remove surface accumulation of

released biocactive chemical.

Results are shown in Table 5.

TABLE 5 - Release Rates for 0 wt% and 10 wt% Carbon Black

Biocactive Chemical |Carbon Black (wt%) | Release Rate
(ug/cm?/day)
tefluthrin 0 3.13
tefluthrin 10 0.71
lambdacyhalothrin 0 1.78
" 10 0.81
h 20 0.61
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Closure

It should be apparent that a wide range of changes
and modifications can be made to the embodiments
described above. It is, therefore, intended that the
foregoing description be regarded as illustrative rather
than limiting, and that it be understcod that it is the
following claims, including all equivalents, which are
intended to define this invention.
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CLAIMS
1. A bound friable mixture, comprising:
(a) at least one bioactive chemical; bound with
(b) a binding carrier.
2. The bound friable mixture as recited in claim 1, wherein the binding carrier is selected

from the group consisting of carbon black, activated carbon, alumina, hydroxyapatite,
silicoalumina and combinations thereof.

3. The bound friable mixture as recited in claim 1, further comprising a pre-polymer.

4, The bound friable mixture as recited in claim 3, wherein the pre-polymer is
polyethylene.

5. The bound friable mixture as recited in claim 1, wherein the bioactive chemical is in a

liquid form during forming said friable mixture.

6. A controlled release device for deterring, repelling or killing pests comprising: the
bound friable mixture of claim 1 dispersed within a continuous polymeric matrix.

7. The controlled release device as recited in claim 6, wherein said bioactive chemical
comprises a pesticide selected from the group consisting of pyrethroid, isofenphos,
fenvalerate, water soluble bioactive chemicals, tefluthrin, permethrin, fenoxycarb,
chlorpynfos, lambdacyhalothrin, resmethrin, deltamethrin, cypennethrin, cyphenothrin,
cyfluthrin, and combinations thereof.

8. The controlled release device as recited in claim 6, wherein said bioactive chemical
comprises at least one fungicide.

9. The controlled release device as recited in claim 8, wherein said fungicide is selected
from the group consisting of tri-chloronitromethane, a mixture of methylisothiocyanate and
1-3 dichloropropane, sodium N-methyl dithiocarbomate, 2,3,5,6-tetracholoro-1,9-
benzoquinone, calcium cyanamide, biphenyl, copper naphthenate, dichlorphen, fentin
hydroxide and combinations thereof.

10. The controlled release device as recited in claim 6, wherein said binding carrier is
carbon black.

11. The controlled release device as recited in claim 6, wherein said polymer of said
polymeric matrix is hydrophobic.

12, The controlled release device as recited in claim 6, wherein the polymer of said
polymeric matrix is selected from the group consisting of low density polyethylene, high
density polyethylene, vinyl acetate, urethane, polyester, silicone, neoprene, isoprene and

combinations thereof,
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13. The controlled release device as recited in claim 12, wherein the particles of said
bound friable mixture are enveloped within the polymeric matrix.

14. The controlled release device as recited in claim 11, wherein said polymeric matrix
is in the form of a rod, pellet, strip or sheet.

15. The controlled release device as recited in claim 6, wherein the polymeric matrix is
in the form of a sheet.

16. The controlled release device as recited in claim 15, wherein said controlled
release device further comprises a second sheet for retarding or preventing photodegradation of said
bioactive chemical.

17. The controlled release device as recited in claim 16, further comprising a third
sheet containing metallized Mylar, saran, or combinations thereof.

18. The controlled release device as recited in claim 17, wherein said bioactive
material comprises at least one pesticide selected from the group consisting of pyrethroid,
isofenphos, fenvalerate, water soluble bioactive chemicals, tefluthrin, permethrin, fenoxycarb,
chlorpyrifos, lambdacyhalothrin, resmethrin, deltamethrin, cypermethrin, cyphenothrin, cyfluthrin,
and combinations thereof.

19. The controlled release device as recited in claim 17, wherein said bioactive
chemical is lambdacyhalothrin.

20. The controlled release device as recited in claim 19, wherein the polymeric matrix
comprises low density polyethylene.

21, The controlled release device as recited in claim 6, wherein said bioactive
chemlcal comprises at least one pesticide having a vapor pressure greater than about 0.1 mm Hg at
25°C.

22, The controlled release device as recited in claim 6, wherein said polymer of said

polymeric matrix is in an amount from about 50 to about 90 parts by weight of said matrix and said
bloactwe chemical releases from said matrix at a rate from about 0.4 pg/cm?day to about 40 pg
fem?/day.

23. The controlled release device as recited in claim 14, wherein the polymer is in an
amount from about 50 to about 90 parts by weight of the matrix, the pesticide is in an amount from
about 5 to about 30 parts by weight of the matrix and the carrier is in an amount from about 10 to
about 20 parts by weight of the matrix.

24, A method of making a controlled release device useful for deterring, repelling, or
killing pests, said method having the following steps:
(a) forming a friable mixture comprising a binding carrier and at least one
bioactive chemical so as to bind said biocactive chemical to said carrier; and
(b) incorporating said bound particles of said carrier and said bioactive chemical
into a polymer to form a polymeric matrix containing said bound particles.
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27. The method as recited in claim 24, wherein the bioactive chemical is in a liquid
form.
28. The method as recited in claim 27, wherein the bioactive chemical is a pesticide

selected from the group consisting of pyrethroid, isofenphos, fenvalerate, water soluble
bioactive chemicals, tefluthrin, permethrin, fenoxycarb, chlorpyrifos, lambdacyhalothrin,
resmethrin, deltamethrin, cypennethrin, cyphenothrin, cyfluthrin, and combinations
thereof.

29. The method as recited in claim 24, wherein the bioactive chemical comprises
lambdacyhalothrin.

30. The method as recited in claim 25, wherein the bioactive chemical is a fungicide
selected from the group consisting of tri-chloronitromethane, a mixture of
methylisothiocyanate and 1-3 dichloropropane, sodium N-methyl dithiocarbomate,
2,3,5,6-tetracholoro-1,9-benzoquinone, calcium cyanamide, biphenyl, copper
naphthenate, dichlorphen, fentin hydroxide, and combinations thereof.

31. The method as recited in claim 25, wherein the bioactive chemical comprises a
fungicide selected from the group consisting of tri-chloronitromethane, a mixture of
methylisothiocyanate and 1-3 dichloropropane, sodium N-methyl dithiocarbomate,
2,3,5,6-tetracholoro-1,9-benzoquinone, calcium cyanamide, biphenyl, copper
naphthenate, dichlorphen, fentin hydroxide, and combinations thereof and further
comprises an insecticide selected from the group consisting of pyrethroid, isofenphos,
fenvalerate, water soluble bioactive chemicals, and combinations thereof.

32. The method as recited in claim 28, wherein the pesticide is in an amount from
about 5 to about 30 parts by weight of the polymeric matrix, the polymer is in an amount
from about 50 to about 90 parts by weight of the polymeric matrix and the binding carrier
is in an amount from about 10 to about 20 parts by weight of the polymeric matrix.

33. The method as recited in claim 27, wherein said polymer is a hydrophobic polymer.
34, The method as recited in claim 27, wherein said polymer is selected from the
group consisting of low density polyethylene, high density polyethylene, vinyl acetate,
urethane, polyester, silicone, neoprene, isoprene and combinations thereof.

35. The method as recited in claim 27, further comprising the step of forming said
matrix into a rod, pellet, strip or sheet.



10 #3' 10%H #4& () - #3R 10%H #4& ()- 10%H #4& ()- 10%H #4& () -

10941 #4&' ()-{_?QC5 10 # 10%4l #4& ()- 10% #4& ()-#3R 10%H449RCEMBER 2003
1094 #4&' ()- 10%H #4& ()-_?QC5 10 # 10%} #4& ()- 10%| #4&'4??-

109 #4& () - #3R 109 #4& ()- 10%H #4& ()- _?QC5 10 # 10%H #4& () -

1096 #4&' () - 10%4H #4&' ()- 10%tH #4& ()-#3R 10%H #4& ()-"~]<QC5 10 # " 10% Y
& ()- C10%#(& ()- 10%#; & ()- '109D D & ()- 10% #4& ()-#3RI L_r ~~>QC5
10 # |, 5! 10%¢& ()- |,5 10%¢& ()- |,5 10%& ()- |, 5! 10%H& ()-

| F+y109%¢& ()-3 } 109%& ()- _?QC5 10 #,l,5' 10%& ()- |,5!' 10%& ()-

|, 51 109%#& ()- |,5! 10%& ()- )#3@' 1,51 10%¢& ()- <QC5 10

##3@ |, 51 10%+& ()- |, 5! 10%:& ()- |,5!10%:& ()- |,5! 10%:& ()- #3@!  DQC5
10 ##3l,5! 10%& ()- #3@' 1,5 10%& ()- |,5' 10%& ()- |, 5! 10%& () -

36. The method as recited in claim 27, wherein said bioactive chemical is a low vapor
pressure pesticide, wherein said low vapor pressure pesticide is combined with a high density pre-
polymer.

37. The method as recited in claim 27, wherein said pre-polymer is selected from the

group consisting of high density polyethylene.

38. The method as recited in claim 27, wherein said bioactive chemical is a water
soluble fungicide.
39. The method as recited in claim 26, wherein said pre-polymer is selected from the

group consisting of urethane, polyester, low density polyethylene, and combinations thereof.

40. The method as recited in claim 26, wherein said pre-polymer is a low density
polyethylene.

41. The method as recited in claim 27; further comprising the step of drying said
binding carrier prior to mixing with said bioactive chemical.

42, A method of preventing or retarding decay and deterioration of a wooden object
from wood attacking pests, comprising the steps of:
@) making the controlled release device as recited in claim 24 with a release

rate of at least about 0.4 pg/cm?,’day;
(b) creating a cavity in the wooden object;
(©) inserting the controlled release device into the cavity and closing the
cavity; and :
d permitting at least one bioactive chemical to vaporize from a surface of
) said controlled release _
device and to diffuse into the molecular wood structure of the wooden object thereby creating an
exclusion zone within the wooden object having a concentration of the bioactive chemical above a
minimum effective concentration preventing pest invasion into said exclusion zone.

43. A method of preventing the decay and deterioration of wooden objects in contact
with soil caused by the invasion of pests comprising the steps of:
(a) making a controlled release device as recited in claim 24;
(b) placing the controlled release device proximate the wooden object, the

concentration of the bioactive chemical being sufficient to provide a predetermined release rate
through said polymer and sufficient to provide a minimal effective level to prevent pest intrusion
for a predetermined period of time.

44, The method as recited in claim 43, wherein the controlled release device releases
bioactive chemical at an initially high rate and a lower, steady state rate thereafter.
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0!'"10% 47. The method as reclted in claim 43, wherein the polymer is selected from the group
consisting of thermoset polymers, thermoplastic polymers elastomeric polymers, and copolymers
thereof.
48, The method as recited in claim 43, wherein the controlled release device is placed

within said wooden object.

49. The method as recited in claim 43, wherein the controlled release device is placed
on an exterior surface of said wooden object.

50. The method as recited in claim 43, wherein the controlled release device is placed
in physical contact with said wooden object.

51. The method as recited in claim 43, wherein said bicactive chemical comprises a
fungicide selected from the group consisting of tri-chloronitromethane, a mixture of
methylisothiocyanate and 1-3 dichloropropane, sodium N-methy! dithiocarbomate, 2,3,5,6-
tetracholoro-1,9-benzoquinone, calcium cyanamide, biphenyl, copper naphthenate, dlchlorphen
fentin hydroxlde and combinations thereof.

52. The method as recited in claim 51, further comprising an insecticide selected from
the group consisting of pyrethroid, isofenphos, fenvalerate water soluble bioactive chemicals,
tefluthrin, pennethrin, fenoxycarb, chlorpyrifos, lambdacyhalothnn, resmethrin, deltamethrin,
cypermethrin, cyphenothrin, cyfluthrin, and combinations thereof.

53. A multi-layer controlled release device for deterring, repelling or killing pests
which approach or come in contact with said device, said device comprising a polymeric sheet
comprising:

(a) a pest1c1de

(b) a carrier, the pesticide being bound to the carrier to form a carrier
bound pestncnde so as to modify a release rate of the pesticide from
the controlled release device; and

©) a thermoplastic, hydrophobic polymer enveloping said carrier.
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the carrier is selected from the group consisting of carbon black, activated carbon, alumina,
hydroxyapatite, silicoalumina and combinations thereof; and

the thermoplastic, hydrophobic polymer is selected from the group consisting of low
density polyethylene, high density polyethylene, vinyl acetate, urethane, polyester, silicone,

neoprene, isoprene and combinations thereof.

55. The multilayer device as recited in claim 54, wherein the controlled release device
includes:

at least one additional sheet for retarding or preventing photodegradation of said pesticide; and
at least one additional sheet containing metallized Mylar, saran, or combinations thereof.



