WO 03/ 026414 PCT/ Nz02/ 00194 METHOD AND APPARATUS FOR WEED CONTROL W TH HOT
FOAM TECHNI CAL FI ELD The present invention relates generally to the

t hermal cwotmmbesad vegetation, particularly weeds, 5 andpoonezozpeeifically
to a method and apparatus for the control of weeds using hot foam
BACKGROUND ART Thermal nethods have been proposed for weed control wherein
a vari etMETTHIOPaAND ARRARAAIGS FOR VLD  GONTROIL WIEH FLO T FOAMHi ng hot
water, steam hot air, flane and hot foam These 10 nethods overcone sone
of the di sadvantages of herbicides, such as spray drift and

soi | / groundwat er pollution. They al so avoid the physical effort required
for manuyal wee val . New Zeal and patent no. 240568 descri bes the use
of hot Cémlg‘gbﬁ@rﬂsounder a shroud. 15 Conpared to herbicides, the nethod
is fast-acting, effective over a range of veget a)%i on and we t]er

condi t i drhe,presaat ipeantign Frisies gprprally fathg thermal cpeal o leﬁ’é’&mé&é? Y §&¢Sonal
protective <clothing or certification is not required for applicators.
Howesger ,antleort epagifidailp tuda frethodaad iaghgaratus fdréhamaintrot oweeds msingdwpinaar. y
insulation fromanbient tenperature and wind) restricts the use and speed
of coverage of hot water systenms. 20 An alternative is described in US

Pat ent No. 5433758 wherein a spray of hot water is applied to the weed,

fol |l owe cold am bl anket to provide the tenporary thernmal screen.
Thi s ngl%‘ﬁ%ﬁék%ﬁ\\sﬁe‘%%f requi res separate apparatus for the production and
distribution of the hot water and foam Al so, sone cooli Ea results from

t he applFheanplgnethedshagebeenmsepased ksreed GARTEY Whetgrss VashEoIqeer gl o)

are applied to the weeds, including hot water, steam, hot air, flame and hot foam. These
10 methods overcome some of the disadvantages of herbicides, such as spray drift and
soil/groundwater pollution. They also avoid the physical effort required for manual weed

removal.

New Zealand patentv no. 240568 describes the use of hot water applied under a shroud.
15  Compared to herbicides, the method is fast-acting, effective over a range of vegetation and
weather conditions, and being non-toxic its use is less restricted e.g. personal protective
clothing or certification is not required for applicators. However, the long shroud (to provide a
thermal screen for'temporary insulation from ambient temperature and wind) restricts the use
and speed of coveiage of hot water systems.
20
An alternative is described in US Patent No. 5433758 wherein a spray of hot water is applied
to the weed, followed by~a cold foam blanket to provide the temporary thermal screen. This
method, however, requires separate apparatus for the production and distribution of the hot

water and foam. Also, some cooling results from the application of a cold foam blanket which
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WD 03/ 026414 PCT/ NZ02/ 00194 reduces the effectiveness of this nmethod. US
Pat ent No. 5575111 descri bes a nethod where heated conpressed air is m xed
with a swoeaneais4 hot water and surfactant to forma hot fPeamNZoen0194
application to the weeds. In this 5 nethod heated air is used to nelt the
pl ants waxy cuticular coating while the foamacts to provide the tenporary
t her mal rahxesihe effhetivieoesofithesimethodel atively dry, being from 80 to 95% hot
air by volunme. It has been found however, that this nethod is not
particularly effective at Kkilling weeds. It appears that several factors
may influence the |lack of effectiveness of this nethod. Al though the high

tenmer itk Badh! N 547401 £ alddfpet hittfod Wherd E%&fﬁ%&?ﬁ%ﬁ AR ImUES d5th )

treated 1™n I's mannér gr ow nore quic se treated wth hot
wat er systens. Relatively dry foans haye a |ow heat. ¢ cit n ave a
r educed SEEATR of ot Walsnkt %‘%ﬁaﬁtagﬁeqoof\??fmtaﬂ@t gm%%ﬁ?{’]h%aﬁw Z‘g gleo‘f’getcﬁ'e ﬂbﬁ‘ nt to
produce deeper nore long |asting damage, particularly to the harder

sur f aicesnetimhhessed divisstsedrto oklttthe plaatsgeaxypiutiaaler captiag vidilettbe £930F A¢iRES of

relatively dry foans they are unable to flow to obtain good intimte

cont act phidle thb GerBpiy SherfnaPéceddv. The Ramlred isrelativedy de)xbein éont $0oWhder si de
of foliage fromcontact wwth the foam The size of bubbles fornmed in the

foamis i : r . : at
Pae t niBhROE RotRCh bl Bechbiihowtoel HbRiHERLES 1 pcaRHpRGRe el
ent invention.to provide_.a s Sf:ont r ol

obj ect of the pre t f.thermal weed.
whi ch %eiha%é‘@e%z%aﬂpﬁ%fs AR dagiprs gy %ngﬁﬁéeﬁ%lggf S\‘ﬂlﬁ?c‘lt]é’e?egf gfﬁlll hg its
advant ages, but which also addresses the foregoing problens of foam
met hods methwd. Hdthoaglpte highatathperatiae ria gissunss the lsutigle.dElastbepm feumditha Weeds
becone apparent fromthe ensuing description which is given by way of
exanp! e tRated-in 2his manner grow back more quickly than those treated with hot water systems.
Relatively dry foams have a low heat capacity and have a reduced ability tb penetrate below
the outermost surface of the plant to produce deeper more long lasting damage, particularly to
the harder surfaces such as the stems of the target plants. Due to the stiffness of relatively dry
foams they are unable to flow to obtain good intimate contact with the plants, thereby
15  protecting, for example, the underside of foliage from contact with the foam. The size of

bubbles formed in the foam is also an important factor, as large bubbles also reduce the heat

flux through the foliage and stems with which they are in contact.
It is an object of the present invention to provide a system of thermal weed control which
20 overcomes the drawbacks of hot water methods while retaining its advantages, but which also

addresses the foregoing problems of foam methods.

Further aspects and advantages of the present invention will become apparent from the ensuing

description which is given by way of example only.
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SUBSTI TUTE SHEET (RULE 26) WD 03/ 026414 PCT/ NZ02/ 00194 DI SCLOSURE OF

| NVENTI ON According to one aspect of the present invention there is

provi ded womaibads of controlling vegetation, including tRreTstzeps019%
preparing a foam having a tenperature of between 75C and 100C and
consisting volunetrically of 60%to 75% aqueous sol uti on of bi odegradabl e
foam ng agent and 40%to 25%air, and directing a streamof the foam

agai nst the surface to be treated. 10 Although the nethod is primarily

i nt endedkerodthe GEINVENTION vegetation, particularly weeds, this should
not be seen as limting as it is also applicable to soil, for exanple, and

for Killyj cont [ f : C b 1o Vb '

pr et or a ot 1oEE 458t ot AR Ao e o o e i g
a streamof air, 15 with a stream of aqueous solution to produce the stream
of foamVgEstaten, inclydingtiesi@Sat | ow pressure. The foam discharge pressure
may range from5 PSI to 15 PSI, but is preferabl¥ 10 PSI g0.7 bar). 20
Pref Brably the mepaingafdahbaying g temepeniturgrod betineer /556 andd 00SF prdqonsisip®r t i ons
in areservoir. Optionally, the foam ng agent nay be netered into a fl ow

of ) wat efyollgdtaERlyt 6874 ©r7 5t @ubbvyol Bion e &fi édbgradabl SR T Widnt SidEEIY (RUL E
26
25% air, and

directing a stream of the foam against the surface to be treated.

10  Although the method is primarily intended for the control of vegetation, particularly weeds,
this should not be seen as limiting as it is also applicable to soil, for example, and for killing or

controlling fungus, bacteria, virus and insects etc.

Preferably the foam is prepared by heating the aqueous solution and mixing a stream of air
15  with a stream of aqueous solution to produce the stream of foam which is discharged at low

pressure.

The foam discharge pressure may range from 5 PSI to 15 PSI, but is preferably 10 PSI (0.7
bar).

20
Preferably the water and foaming agent are mixed in the correct proportions in a reservoir.
Optionally, the foaming agent may be metered into a flow of water, before or after the flow is

heated.
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WO 03/ 026414 PCT/ Nz02/ 00194 Preferably the aqueous solution is alkyl

pol ygcl ycoside (APG mxed with water at a dilution rate of approximtely
0. 4% Optwormalokes1ot her bi odegradabl e foam ng agents maybe pemmNzoy/edi o4
Preferably the solution is punped through a boiler into a mxing device,
where it is mxed wwth 5 the air to produce foam which then passes .t hrough
an el ondutferab thve%%pas%@tg@ ipakal rolyrslysgside (ARENPEEd Wlﬂ?‘éj@@hat&déilp &% gent
shroud. The solution delivery rate for comrercial applications may be from
10 1i tr este peapproXitiately 0.4%0 Optiohiltyasherbiudegradabie fomning agents mey pe ehployeld
enbodi nent , %e foamabl e solution is supplied at a 10 rate of

appr oxi mately 10 litres per mnute and at a pressure in the range of 5-15
PSI and nost preferably 10 PSI. The nethod produces a wet foam which

consi st g, vol rical.ly of 60 us .soI tion r A his
Vol unet Mieteral e sfiBlonis Rimbre hiiehy Sencear e o RonEar Rt i ou
optimum Optionally, the stream of Iom/pressure alr may be heated prior to
m xi hg whe #r ta prededst foamn srhichabepassesghioyh A eleagatadglivery mssatgﬁ@e&r% @ng
invention there is provided a nethod of controlling vegetation, including
t he st eplischaf@e@jhrptighva divagem shtoand. of hot aqueous sol ution of biodegradabl e
foam ng agent; b) passing at |east part of said flow through a channel to
facilitate low pressure that creates a venturi to draw in a stream of
anbient air; c) nixing the streamof air with the flow of hot aqueous

oo 0t 3Rl A Gy i o &uatrct AT GHn y S HBRE TGtk Dethirdd 0368 75C
litres/minute, or more. In the preferred embodiment, the foamable solution is supplied at a
10  rate of approximately 10 litres per minute and at a pressure in the range of 5-15 PSI and most

preferably 10 PSI.

The method produces a wet foam which consists volumetrically of 60% to 75% aqueous
solution. Generally, this volumetric ratio should not normally exceed 85% with 60% being
15  about optimum. Optionally, the stream of low pressure air may be heated prior to mixing with

the solution.

According to another aspect of the present invention there is provided a method of controlling
vegetation, including the steps:
20 a) providing a flow of hot aqueous solution of biodegradable foaming agent;
b) passing at least part of said flow through a channel to facilitate low pressure
that creates a venturi to draw in a stream of ambient air;
¢) mixing the stream of air with the flow of hot aqueous solution to produce a

stream of foam having a temperature of between 75°C and 100°C and
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WO 03/ 026414 PCT/ NZ02/ 00194 consisting volunetrically of 60%to 75%
aqueous sol ution of biodegradable foam ng agent and 40%to 25%air, and d)
di schar giwg oBloes4ss r eam of foam agai nst the surface to be PCFatzead00154
Optionally, two or nore channels may be provided, each drawing in a
respective streamof anbient air to foamthe solution, Prefer ablg ach
channel provi des sonsissiagjvetunagtrieadly afi68f to P pqueans solutien ol bipdegadabée punped
through a boiler, the full streamflow ng through one channel to
facilitate | ow prgéssning agdhdbnd1@%ite25% aigahdiri to draw in the stream of
anbient air 10 into a m xing chanber, where it is mxed wth the solution
to produce foampnt tMEr'Y passage

bef ore being din%)c Egstrcgéergﬁg ﬁlfégﬁgeﬁﬁlaoﬁ? é@%géﬁ%qgﬁl%%g@w%f%%%%?ng t o anot her
aspect of the present invention there is provided a provided an apparat us
for performng the nethod of controlling vegetation substantially as

descri bed above, the 15 apparatus including: neans for supplying a stream
of hbt &piisvaly,$wowrinee chansglisnayobe BioBisES: 986h drasting Hnt EEPeGVe siEcarm of ng
chanber where the streanms of air and solution are mixed to formfoam and
an el ongatheerd@irity é6aym pessiagen c Brufieable@dadiethaerd ptdwdasi adirergjecdizsohrionand a
divergent 20 outlet shroud. Preferably the solution is directed through a
conduit to enter the m xing chanber in a jet-like flow substantially
perpendicular to the air flow 5 SUBSTITUTE SHEET (RULE 26) WD 03/026414

PCT/ NZO%{rngerJé%ﬁl the solution is pumped through a boiler, the full stream flowing through one

channel to facilitate low pressure that creates a venturi to draw in the stream of ambient air
10  into a mixing chamber, where it is mixed with the solution to produce foam that then passes

through an elongate delivery passage before being discharged through a divergent shroud.

According to another aspect of the present invention there is provided a provided an apparatus
for performing the method of controlling vegetation substantially as described above, the
15  apparatus including:
means for supplying a stream of hot aqueous solution;
means for supplying a stream of air;
a mixing chamber where the streams of air and solution are mixed to form foam, and
an elonéate delivery passage connected between the mixing chamber and a divergent

20  outlet shroud.

Preferably the solution is directed through a conduit to enter the mixing chamber in a jet-like

flow substantially perpendicular to the air flow.
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Preferably a foamcontrol nesh is provided in the foamflow path. The nesh
may be positioned in the shroud, near the outlet thereof. The nesh

pr ef er ablwohas2general |y 4.76 mm holes at 6.35 mm triangwicarNzoepeld 51 %
open area. 5 Preferably the internal cross-sectional area of the delivery
passage is approximately 60% greater than that of the air deljvery conduit
and appPosferabtse b yfoam reonirplemesth it pistvideddnsibe deams dlovy priby eThe arsshanay be
Preferably the foamis applied froma nobile nmeans, nost preferably a

sel f - pr gekibael mehs ghreud, Aéhr ehegputlat thersok Dhe meshqirefierablyhas lgenapityed. 26 oo f or
perform ng the nmethod of controlling vegetation substantially as described
above, the nMRaAS Mrtﬂ%g%#tag 53 %toggﬁagpegf air includes channel neans which
facilitate |ow pressure that creates a venturi to draw in a stream of
anbient air. 15 In an enbodi nment for controlling vegetation by the
application of hot foamthrough a hand |ance, the venturi created by flow
t hrough the channel is preferably nounted on the hand |ance. Preferably

t he appdireferably thel intenal srasamsectiopal ace af the dadiveyrpaseageris aPPIoFRHEYG0%y of
air into the mxing chanber. 20 As well as reducing equi pnent cost and
ener gy W&, thad thaast the ein délbvard corthiit andiapproaimvaell wer timss thaesicthe baldtioreduces
the drop in tenperature between the solution and the foam producing a

hi gher td%ﬁPrﬁ?r%})H&ﬁt.foamfor nore effective treatnent, whether using a hand
| ance, a vehicle nounted systemor otherwise. It is possible when using a
hand | ance to considerably increase 6 SUBSTI TUTE SHEET ( RULE 26)

Preferably the foam is applied from a mobile means, most preferably a self-propelled vehicle

10 e.g. atruck or tractor.

In the apparatus for performing the method of controlling vegetation substaﬁtially as described
above, the means for supplying a stream of air includes channel means which facilitate low

pressure that creates a venturi to draw in a stream of ambient air.

15
In an embodiment for controlling vegetation by the application of hot foam through a hand
lance, the venturi created by flow thfou gh the channel is preferably mounted on the hand lance.
Preferably the apparatus includes a hand-operated valve for controlling the flow of air into the
mixing chamber.
20

As well as reducing equipment cost and energy usage, it has been found that using a venturi as
described reduces the drop in temperature between the solution and the foam, producing a
higher temperature foam for more effective treatment, whether using a hand lance, a vehicle

mounted system or otherwise. It is possible when using a hand lance to considerably increase
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WO 03/ 026414 PCT/ NZ02/ 00194 the length of hose that can be enployed, thus
providing the operator with additional versatility. This apparatus and
nmet hod i swpasheau arly useful to enable better applicati omCafNZogae1oin

pl aces where application is difficult, for exanple dense swards and
vegetati on substantially above 5 200mm in_hejght. The _appljcation. is |ess

conf i nethedgnashyef kese thabean beiearplonsd dhaprioRidingdhegnseagor wi YaRaiy: ¢ o

vertical surfaces and does not run off like liquids. The residence tine of
hot foamon target areas is greater than that of hot water. The evaporation
rate of wet foans is less, resulting in |longer contact with the target.

Al so, f%g@arggﬁﬁ .s%ﬁd}i}eﬁibﬂ!is Mt SR RGEuRE] 16 A ABRePpplids GiTHe8EhA bRBeAr ea.
an re I

Fast er ong-lasting control of weeds is provided, 10 conpared to

t he kno hot air.foa t . Wth the appli i [ ad of
pure hotVifE: BPIEAHNLP %ﬁ&l@&é’%ﬂca}@% dese ¢ ?’8%15 %ﬁ& E%%éﬁ%’é‘ th hsetgrﬁgag%agéér or s
this function. Unlike pure hot water the hot foam can be bl own = over a
cer t ai n200monindeighitt B appHesiinda leaprentingd by pyface candirgps and obstaplessigéger
thermal nethods it is distinguished by considerably higher working speed
and | owdie foastagther®n teaveeticaimayfives amal/does dotmn effdiliediquidswi hérelsisiange tivae of
consunption and energy input per square neter than is possible with hot

wat er s lﬁéf R o AroBeRb ASS o WRRHhGPHaF 6t 1ok Waltpr e @VAfoitfonaaE oRGet Rudhisty €,

ot her application areas include the control of vegetation around trees, at

h d f ' , [ b , (el d
ot ner oty Tt aReh Taish BOYATTvsh e REE Afee” Tl bR ud Ml Bpese 21

overgrowm h of vegetation and in particular weeds is to_be gontrold ad. 7
SUBSTI Torreregqek the mplicatpagarea. Faster and more long-lasting control of weeds is provided,

10  compared to the known hot air foam method.

With the application of hot foam instead of pure hot water a thermal screen is superfluous
because the foam performs this function. Unlike pure hot water the hot foam can be blown
over a certain distance without considerable heat loss.

15
Compared with other thermal methods it is distinguished by considerably higher working
speed and lower costs. An area may be covered more quickly with lower water consumption

and energy input per square meter than is possible with hot water systems.

20 Besides weed controlin horticulture and agriculture, other application areas include the control
of vegetation around trees, at the edge of concrete or paving, on roadside berms, around
buildings and other obstructions, along railway lines, and other areas where the overgrowth of

vegetation and in particular weeds is to be controlled.
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WO 03/ 026414 PCT/ Nz02/ 00194 BRI EF DESCRI PTI ON OF DRAW NGS Furt her aspects
of the present invention will becone apparent fromthe foll ow ng

descri ptiwo o3iskddeh i s given by way of exanple only and w taTmoenenece to

t he acconpanying drawings in which: 5 Figure 1 is a schematic view of
preferred enbodi nent of a handheld delivery system for performng a method
of the HHRIEBRESCRIPIHN ORDRAVING® 2 is a side elevation of the hand | ance of
Figure 1; Figures 3a and 3b are plan and side el evations respectively of

t he shr dugthef aspbets bithel prebam ¢reveofiorFwglibeeofine apParéitdrome the foldowingidessiription
alternati ve boom nmounted system for performng a nmethod of the present

I nventi QihiclR{3di Ve @aﬁoﬂ&aﬁp&%@ﬁ%@@ftﬁf&%hé&omm Al B8Rl GG/ Or
perform ng the nmethod 'of the present invention; Figure 6 is a side
elevatlonll f the hand | ance of a delivery systen1for performng a 15

met hod of e present invention; Figure 7 is a section of the hand | ance of
Fi gure 6, and Figures 8a and 8b are Ian and_side el ev ons .respectively
of the Iiqui digee 1ds asshematiayiew efpreleged pmgpdigent ofzph %@?

CARRYI NG QUT THE | NVENTI ON As |IIustrated in the dramnngs, the apparatus is
mount ed foopaformingi me(hodiof glegwegent mvedtemabl y a truck and incl udes an
aqueous foanmable solution supply tank 1, a boiler 2 for heating the

solution fr Ofﬁl%&i% zt@aléldé cRNEich & RYBEnPlah& ofgupREYi Ny air to foamthe
sol ution. The is
Figures 3a and 3b are plan and side elevations respectively of the shroud of the hand
lance of Figure 1;
10 Figure 4 is a first alternative boom mounted system for performing a method of the
present invention, and
Figure 5 is a second alternative boom mounted system for performing the method of
the present invention;
Figure 6 is a side elevation of the hand lance of a delivery system for performing a
15  method of the present invention;
Figure 7 is a section of the hand lance of Figure 6, and

Figures 8a and 8b are plan and side elevations respectively of the liquid jet of the hand

lance of Figure 7.

20 BEST MODES FOR CARRYING OUT THE INVENTION
As illustrated in the drawings, the apparatus is mounted to a vehicle (not shown), preferably a
truck and includes an aqueous foarnable solution supply tank 1, a boiler 2 for heating the
solution from the tank 1 and a blower 3 for supplying air to foam the solution. The boiler 2 is

positioned adjacent to the tank 1, and solution is supplied to the boiler 2 by a pump 4 powered
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posi tioned adjacent to the tank 1, and solution is supplied to the boiler 2
by a punp 4 powered 8 SUBSTI TUTE SHEET (RULE 26) WO 03/ 026414

PCT/ NZ02/W0X94264y el ectricity from a generator 5. |n onepPporeseandng4
preferred enbodi nent, the boiler 2 has a burner (not shown) which burns

liquid fuel, and the punp 4 is_a single-stage centrifugal )

Al t er nablyelcyicity{eon g gpneraipr Behh??%@ﬁswly@&%?r?dwn@‘éﬁgq‘tr tfggﬂlﬁﬂ 2h%d ne. 5
Referring to Figs. 1 and 2, a hand delivery systemis illustrated wherein
ai r frobutdee(dok shwsvn) vhichrahrindiqusdfuet, andthe pomphiea tiogle siage centifugalppped by
hoses 6 and 7 respectively to a hand lance 8 at the distal end thereof.
The | anc | P NVER shRlGRabl &leiddie fl ow of the hot
sol uti on‘gltt%n%@it%%ﬂ)g%ﬁlgg%gﬁg?%d%ﬁ;ggbgr 10 V\q%ere igt is introduced into
the air streamto produce foam which then passes into an el ongate delivery
tube 11, before being discharged 10 froma divergent shroud 12 for
directing the pressurized foam agai nst the, surf%fe to, be‘é‘%reaﬁ qﬂ

Opt | DnalReferring {ihdies. 112ad 2ag hand deliverysystempyilvaizmed whergingitfepna thedlover Xy ppor ¢
the lance 8. Figures 3a and 3b illustrate in nore detail the shroud 12,
whi ch diaué hgessftionrfrom the boilerd are segilied by hoses hendié késpeativelyibe hemdilanes &
general ly rectangul ar outlet 15, having an included angle 15 of

appr oxi gpfRldystAQnd @RERSThé Pfed §€ad NiroBRGHctcERald 90 @ntlohteSlowasfdhd 2, a
foam control mesh 16 i1s provided which is arranged approxi mately

dicul ar.. he fl he . 6.} . , i Nt
Bbout alocsen iyl pifaine s L PR St R Rlel SRRt ATk Bath | ot s

as known heretofore, are primarily intending to effjciently produce .20
f oam hawrerdsica foam athichdhen pasiesiptosin glangatmiediveryitabe 5%316?%5’%’82&1% TEds fire
fighting, herbicide application or for insulating purposes (e.g. US Pat.
No. 1557 Fichi ) divErgentshghuddRffordisnting the prdsewezed fgapi against drsuifaceitebd tratpdt ant t o
have a hi gh expansion ratio - that is to produce a high vol une of

Optionally, a wheel 13 may be fitted to by means of a bracket 14 to support the lance 8.

Figures 3a and 3b illustrate in more detail the shroud 12, which diverges from a circular
section at the delivery tube end to a generally rectangular outlet 15, having an included angle
15  of approximately 60 degrees. Located in a medial section of the shroud 12, a foam control
mesh 16 is provided v'vhich is arranged approximately perpendicular to the flow. The mesh 16

is preferably bent into a 90° V about an axis perpendicular to the flow direction.

Foam producing apparatus as known heretofore, are primarily intending to efficiently produce
20 foam having arelatively low moisture content for applications such as fire fighting, herbicide
application or for insulating purposes (e.g. US Pat. No. 5575111). For high efficiency in these
applications it is important to have a high expansion ratio — that is to produce a high volume of

foam in relation to the quantity of liquid solution and compressed gas employed.
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foamin relation to the quantity of liquid solution and conpressed gas

enpl oyed. 9 SUBSTI TUTE SHEET (RULE 26) WO 03/ 026414 PCT/ NZ02/ 00194 The
syst em ofwolg/opresent i nvention, however, results in a relpariNnzbkyoloow
expansion ratio producing wet foamw th reduced cooling and a foam
tenperature of approximately 92 C or higher in the preferred enbodinent. 5
Wi | e t idieagyptamaeluthe diesppt inyentiqn, SOWaYSTy Eeses nrferqlaiiey Ve FRRANFIGR ratio
perform ng the method of the present invention, it will be appreciated

t hat maprodeirgabétdosn ofithtrbducap pevlatguead adyanbempergtire pé dppiroxipetdlp P2 E he
nmet hod. For exanple, if desired, instead of being m xed with water in the

tank 1, b, PaliRGRaeMbsEReRe | Ntroduced into hot water at the output of
t he boil e%lﬁr Tﬂiep?%fgm ng agent may stored in a separate tank (not shown)

and introduced into the hot water 10 streamfromthe outlet of the boiler,

with a flow control valve (not shown) for controlling the anount of agent

which is introduced, alternatively a nmetering punp (not shown) y }sluppl y

t he $oanVhie tigenparatypshepin i Hlstraiéveni heraguisnies @rﬁé@é?q%éﬁem@hg‘?ﬂfé $ur pose
i ntended, the foamable solution 15 preferably conprises al kyl

pol ygl ygeedetdeinlvAR@n, it »ed et agprécided dhdtunamnvaratiensvof thevapparatus ARG bs abl e
to withstand tenperatures in excess of 100C wi thout adverse effects and

produc e%@%ﬁﬁ%p@mﬁl ths okl ®of Sfankiftt WERRIY, tidteAl oFbEHE Bfxddngiel whkst

anbient ¢ Mor eover, the foam produced breaks down wi thout
driftin ff th ar.get. plant and APG.i s rall i uct
whi ch bng‘%ﬁg‘F‘%lﬁzst%BS‘?“r?“ag pEt o ‘g?/lnérgé“%eﬁg%troo WAl ?gthggfﬁlﬁ‘%b@g‘te %?&bf t he
boiler 2 consists of pressurised solution at a tenperature of close to
100C. The foaming agent may stored in a separate tank (not shown) and introduced into the hot water

10  stream from the outlet of the boiler, with a flow control valve (not shown) for controlling the

amount of agent which is introduced, alternatively a metering pump (not shown) may supply

the foaming agent.

To utilize the apparatus above described for the purpose intended, the foamable solution
15  preferably comprises alkyl polyglycoside (APG) mixed at a 0.4% dilution rate with water.
APG is able to withstand temperatures in excess of 100°C without adverse effects and
produces a foam which is stable for between 5 to 20 minutes under most ambient conditions.
Moreover, the foam produced breaks down without drifting off the target plant and APGis a
naturally occurring product which biodegrades both aerobically and anaerobically.
20
The output of the boiler 2 consists of pressurised solution at a temperature of close to 100°C.
Actuation of the trigger 9 directs the solution into the stream of air from the blower 3. As the
air mixes with the liquid solution it creates bubbles forming foam which builds up and is

forced from the chamber 10 toward the outlet by the air pressure. Air is supplied at a rate of

10
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Actuation of the trigger 9 directs the solution into the streamof air from
the blower 3. As the air mxes with the liquid solution it creates bubbles
form ng fwermsmkidseh builds up and is forced fromthe chanrer/NZD20@0@ard t he
outlet by the air pressure. Air is supplied at a rate of 10 SUBSTI TUTE
SHEET (RULE 26) WO 03/026414 PCT/ NZ02/00194 approxinateIY 0. 7n8 _ per

ni nut e, approkineastlyPi7on petppivie ithsokysion syapked ppprosimately 4Q ligesPepiiiie - t he
appar atus produci ng a. foam which is approxi mtely 60% sol uti on by vol unme
and at ghe ippaReisoprodein a 980 woi chiBrapprdxirhately 08 wblutibn bgwelupeeand gund t o
affect the correct foam production include the dinmensions of the shroudl 2
and t he i 32mminternal dianeter delivery tube of

appr oxi ﬁeg&e:réﬁ%ogbm%b?eo%?ﬁédi verging to a shroud opening of approxi mately
200mm x 15mm has been found to give good results. The internal
cross-sectional area of the delivery tube is approximtely ten tines that
of the tube supplying the solution. 10 It is thought that the relative |ack
of f%anﬁa¢mWVdddsg&Vﬁg@¢rﬁﬁun@Mﬁep¥@e eoreet formgreduectonjarisde ﬂ]iﬁélm"r“ﬁ’ﬁaf ?fant in
produci ng the foam which is pressurised only to approximately 10 PSI (0.7
bar). Hiegbgou@reasdnes deliverqitubé |1aws Ahd2mnbésernbibdivhdter délsper subet dfe f oam
fromthe target and result in excessive cooling. The nmesh 16 provided in

the shr gg]gfggdgﬁq%w%p@egﬁl %@P@e@@oﬁﬁqﬁ@@ﬂ%ﬂé of I nAR1 BN RESHmL 6

havi ng g s at” 6.35 mm'triangular pitch, and 51 % open

h b f d i sf Th - [ | £ nmb
10T 2B CREPRTE & SOoRTATGHIoY Mo tG B o onr eq B8 glbeppGreRerDet

accordingly, does not permt a |arge expansion and a volune of wet, high
densi t y approximately ten times that of the tube supplying the solution.

10
"1t is thought that the relative lack of foam flow constriction resulting from this arrangement is
important in producing the foam, which is pressurised only to approximately 10 PSI (0.7 bar).
Higher pressures and air flows ﬁave been found to disperse the foam from the target and result
in excessive cooling. The mesh 16 provided in the shroud 12 controls bubble size and foam
15  formation and a mesh 16 having generally 4.76 mm holes at 6.35 mm triangular pitch, and 51

% open area has been found satisfactory.

The cross-sectional area of the chamber 10 is approximately 60% larger than that of the air
hose 6. This, accordingly, does not permit a large expansion and a volume of wet, high density
20  foamis continuously produced in response to the continuous agitation of the foamable solution

by the air flow.

In preferred embodiments the generator 5, tank 1, pump 4, boiler 2 and blower 3 are sized to

provide foamable solution and air to two lances 8, which are operable separately or together.

11
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20 foamis continuously produced in response to the continuous agitation of
the foamabl e solution by the air flow. In preferred enbodi nents the
gener at orwb,03adat4 1, punp 4, boiler 2 and bl ower 3 are si zed/Nz2/0@ooVi de

f oamabl e solution and air to two |ances 8, which are operabl e separately or
together. 11 SUBSTI TUTE SHEET (RULE 26) WO 03/026414 PCT/ NZ02/00194 The
syst em i Bhecpiap is capable elireatigs 4 nesnndl004nad pephesy alfR APPreimals EeaPREki mat e
treatment width of 200mmto 300nm from each | ance. Figs. 4 and 5

i 11 ustravdtsofzodaim ced00mmyfaine azchilaicehi gher application rates, where for
exanple, 5 the outlet shroud 112-is nmounted on a boom (not shown) fixed to
a vehicle. Like nunbering is wused to refer to the elenents comon with the

syst em Gfief udna ; all%sgﬁ%%@gelﬁfztilcglrl]g?)g%sl 4 Y l?%g[)ﬁbag%ﬁgvh\éﬁlfﬁfeéﬁaﬁlpk?mt el y

act uabl e 'Val ve . a so val've) “ope ve e"s driver

controls the supply. of the foamahl e sol ution, . The foam ..be ner at ed

ei ther 485 a‘étéeﬁﬁ}?l}ngXH?é‘s BUPEeH o ghoam (Wftsﬁ?o‘é{{h fgfegéoawglﬁéﬁﬁﬂﬁ@rlﬁ\%mg ose 21
supplying it to the 10 shroud 21 (as per Fig. 4) or the foam may be

gener at agedd) acfento the eldmenth comehonlwith l’fhﬁqwswimglz Fig. dnglusiced o6 mmmabgpar at e
air and solution lines (as per Fig. 5). As used in Figs. 6, 7, 8a and 8b,

l'i ke nurde@fated €ik8ér valveC 8 MRANEIL SteORIvR( (2.4, hsoleadlival dgspetaiddyvht h
reference to Figs. 2 and 3. Flowates, pressures, tenperatures etc are al so

as 15 . Wl o1 &Hﬁ%ﬂfi i fon
descri bgﬁ hﬁ{%ﬁa@%p@@@é%&oﬁfpﬁﬁg tﬂ%?é%é&b?s As | 'Irggﬁoggﬁé P%e ﬁg‘g&%& a
hand | ance 80.for performng.the nethod. .of th resent j.nvention |s
connect e?dt%PBacHaCseBb'gl tbe g‘?lﬂfé’gﬂﬁtq‘ﬁ’é%ﬁ arge flighe HS%PV%Y ﬁ?ﬁ? 1a%183#y81gflbg’ntp?‘lg
agent through supply o

10  shroud 21 (as per Fig. 4) or the foam may be generated adjacent to the shroud 112, requiring

elongation of the separate air and solution lines (as per Fig. 5).

As used in Figs. 6, 7, 8a and 8b, like numbers refer to components common with the lance
described with reference to Figs. 2 and 3. Flowrates, pressures, temperatures etc are also as
15  per the description of the preferred embodiment of the invention described with reference to

Figs. 2 and 3.

Asillustrated in Fig. 7, a hand lance 80 for performing the method of the present invention is
connected to a supply of hot aqueous solution of biodegradable foaming agent through supply
20  hose 7. The lance 80 has a trigger-operated valve 9 to control the flow of the hot solution to a
mixing and expansion chamber 100 into which ambient air is introduced through opposing
openings 31 to produce foam which then passes into an elongate delivery tube 11, before being
discharged from a divergent shroud 12 for directing the pressurized foam against the surface to
be treated.
25
12
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20 hose 7. The lance 80 has a trigger-operated valve 9 to control the flow
of the hot solution to a m xing and expansi on chanber 100 into which

anbi ent awp ®2d44mt r oduced t hrough opposi ng openings 31 t@cprNdoe ot oam
whi ch then passes into an elongate delivery tube 11, before being
dischar%gd froma divergent shroud 12 for directing the pressurized foam
agai nst Higse7 Sarand Sb illustratgdhe pangiruefionnd t@zha@bgémwwr%ﬁéei leSUL 65 WO
03/ 026414 PCT/ Nz02/00194 Figs. 7, 8a and 8b illustrate the construction of
t he chanbercod@fsésn mbukr Saitiwnl33 jbhredeharbaical seoforcdtapesesou te theuheger
section 33 joined to a conical section 34 tapered out to the |arger

di amet eﬁé@ﬁet&ﬂ@,tﬂ@héﬁé@fﬁtuﬁé‘?ﬁ Mi-or?@ﬂi_ng RefheREd 8f theheh@RGesfiorn Serebeibed ar

section recei ves nozzle 32 having a central outlet 35 which produces

a single jet af solution directe J.ongi tudi pally thr t he er

100. As“\ﬂnlzﬁf’ ehﬁ‘ﬁﬂ%ras?eélgai Pﬂﬁetf O\qul(f‘h’ Bg’éjﬁgefsh% lnn%ezll'% %9@%%% flfrg‘tqes | ow
pressure that creates a venturi to draw in a stream of anbient air through
t he Dpedongigdmelly Hpughsthe chambesd@Pts in a relatively | ow expansion ratio
produci ng wet foamw th reduced cooling and a foam 10 tenperature of
approximately 92 C or higher in the preferred enbodinent. Wth the
operating paraneters described in application no. 514497, satisfactory

results Mﬁl bPGRR L hE B welRIRK tROnGkzlee3?2 BNk 1dvwprBsdire BhedTeitey a
(0]

directing flowinto a tubular seCction 33 having a 19 mm bore, with both

Sane | onGune o A’ b el P el dRE R e AL AP TR S TR

even tenperature spread across the shroud 12. . )
relatively low expansion ratio producing wet foam with reduced cooling and a foam

10  temperature of approximately 92 °C or higher in the preferred embodiment.

With the operating parameters described in application no. 514497, satisfactory results have
been obtained employing a jet having a 4.5 mm diameter directing flow into a tubular section
33 having a 19 mm bore, with both the tubular section 33 and conical section 34 having
15  substantially the same lengths. The apparatus produces a regular foam structure and more

even temperature spread across the shroud 12.

It will be appreciated however, that this method of introducing the air for foaming the solution
can be employed in a number of different applications, and is also not limited to applications

20  employing a hand lance.

In an alternative embodiment (not shown) a sliding cover is provided for engagement with the
tubular section 33 to form a valve that may be controlled for regulating the flow of air through

the openings 31. This valve may be closed allowing the lance to be used for purposes other

13
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It will be appreciated however, that this nethod of introducing the air for
foam ng the solution can be enployed in a nunber of different
applicatiwogz/oands i s also not limted to applications 20PermNzyeig4a hand
| ance. In an alternative enbodi nent (not shown) a sliding cover is provided
for engagenent with the tubular section 33 to forma yval ve that ma be
cont r ol Itkan foam predygtien ¢-BFPraying | Vawiag theiopening ol igs valve allope ﬁ@@P%SlU OThi s
val ve may be closed allowing the |ance to be used for purposes other 13
SUBSTI TUhE t&Sitie Tof (fREcan2 %) b/ Mdj3¢d) 26 Aty He@TébiabRy {00 tedting fidiferchd types of
production e.g. spraying. Varying the opening of the valve allows the
CONMPOSi tyeBltatiGH) forleRth Pree of the foamto be adjusted, as may be preferable
for treating different types of vegetation, for exarrpl e. 5 On the hand

| ance, the valve may be directly controlled by the operator. The val ve al so
provi des a nmethod of protecting the operator. It can be cl osed when a
sensor measures a tenperature in excess of 100C to prevent the escape of

st ean Wit the(ivaddarcs, e YHee pwgife drectlycontalledi by the ereraiar. (e Yakigcdio nay

bl ow back on the operator. 10 To achi eve hi gher foam production rates,
sat i sf agtrovigesr & ssttod dfpretebrenthe wparated Ibyan eadlnseali wherga tséresor mehsyrgsla 70)
between the solution and flow rates air e.g. 40 litres per mnute solution

flow rat ' fRy0eer &eﬁ&h@é fof tdRRlwhicH (beBARE B the Bosit
enbodi @%?é&wké§§§§e§§gca |l e é%g%er ci al SS%%". catli ons}C @f is anti g?%é?ned t hat

spray 15 bogns_of up to 10 netres in width could be used, with

proport .%Hﬁ@ﬁ%p@é@gﬂ@%@%&l?wi@m%@gOp%ratoﬁr ovi de the specified foam
tenperature and conposition. Trials have been conducted to exam ne the
effect of a nunmber of variables associated with the

10 To achieve higher foam production rates, satisfactory results have been obtained by
maintaining the ratio (1:70) between the solution and flow rates air e.g. 40 litres per minute

solution flow rate requires 2.8 m® per minute of air supply.

In preferred embodiments for large scale commercial applications, it is anticipated that spray
15  booms of up to 10 metres in width could be used, with proportionate increases in the flow rates

to provide the specified foam temperature and composition.

Trials have been conducted to examine the effect of a number of variables associated with the
present apparatus and method of producing hot foam. These trials determined the following

20  important features.

e Foam texture and temperature are critical for the best results. The texture or viscosity
level, which is influenced by the wetness and degree of aeration, is very important. A cold
foamable solution mixed in a tank and then delivered into the heating chamber produced

25 the most accurately repeatable performance. It is possible that when using an injection or

venturi delivery system for introducing the foaming agent, accuracy of mix became

14
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present apparatus and nmet hod of producing hot foam These trials determ ned

the followwng 20 inportant features. Foamtextur

e and tenperature are

critical Wworosnbaibest results. The texture or viscosity [PeTaNzo2Mtiioch i s

i nfluenced by the wetness and degree of aeration, is very inportant. A cold
foamabl e solution mxed in a tank and then de!ivergd into the heating
chanber prvisblegduegofaam ngent badldineatneindeliyery dings pad fRsiduss sRUBRINZ 1R the
possi bl e that when _using.an injection o _\§RAUL ] | sy stem for
introducin§§WWg 8Qﬁﬁhdg§%%% $h§€%h‘%%§*5f%§ix %%gﬁ%aﬁﬁﬁygﬁﬂSTlTUTE SHEET

(RULE 26) WD 03/026414 PCT/ NZ02/ 00194
up in delivery lines and residues remaining in the

vari abl e due to foam agent buil ding

delivery chanber. A

t enper ateur Bow gregsurefhi€Ovolums ait dakigerédiorromixangshampenjust priasip gelwesinféhe hi gh

vol une air, delivered

hot 2ol ut i &M

Yincenttnd Gede TSRy o Kbl ofbR

e aly & ofghee

r

used, the digécfzgﬁt‘égé(}}iﬁtﬂ G thE floHEEdsh & i @RGressOSIndHicréAed 66UHRAL B5®efoaaNd

i ncreased coo the foam as the air "expands.
out | et pressstue eirwapands.so found to be inportant and
at the outlet should be avoided. Aerating the hot
treatnent | ance, such that the foam fl ows through
passage \wa . tQ Rk OVi

osur ts " Teop R B R MR e Bl 6
exanpl e onipth@oetlet shaldbé dvdiged.

REGAKEE,

Provi ding negligible
a restrictive nozzle 10
f oamabl e sol ution at the
only a short delivery

ar@rhqes%f?&ﬁ@ Hbkzle

escri bed by way of

e Aecrating the hot foamable solution at the treatment lance, such that the foam flows through

only a short delivery passage was found to provide the best, most consistent and economic

results.

15

Aspects of the present invention have been described by way of example only and it should be

appreciated that modifications and additions may be made thereto without departing from the

scope thereof.

15
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appreci ated that nodifications and additions nmay be made thereto w thout
departing fromthe scope thereof. 15 SUBSTI TUTE SHEET (RULE 26) WO

03/ 026414wB@3/026d®d2/ 00194 CLAIMS 1) A nethod of control |l i mgTO@LIEON,
including the steps: 5 preparing a foam having a tenperature of between 75C
and 100C and consisting volunetrically of 60%to 75% aqueous sol ution of

bi odegr dBAIMS oani ng agent and 40% to 25%air, and directing a stream of

t he foam agai nst the surface to be treated. 10 2) A nethod of controlling
vegetation as clainmed in claim1 wherein the foamis prepared by heating

the aquegug sehbd bPsbndoidd vegB@tien,Sheled@hy e seips: Wi th a stream of aqueous
solution to produce the stream of foamwhich is discharged at | ow

pressure. 3) AcSRAIAeh GOy PBAAEIPHONER SCEhaTB bty Sl o

cl ai m 2 wher aquéous ronis a gclycosi de m X

water at a dilution rate of proxi mately Q. 4% ). A_method of coptrolling
veget at i onvakmetrigaipgf 6470 é‘hﬁ% REUGHUS E‘Pl%\‘i‘%’s"fi’lq(f?g@ﬁa% EQaaning pgrt a‘fdg‘g)r% is
produced by: (a) providing a flow of hot aqueous sol ution of biodegradable
f oam ng ag&n23%20, ¢)) passing at | east part of said flow through a channel
to facilitate | ow pressure that creates a venturi to drawin a stream of

anmbi ent air; difebtifd XbtAchnl BEthS F6:R2 ApMist HesuithddvottRardatedw of hot aqueous
solution to produce the streamof foam

10 2) Amethod of controlling vegetation as claimed in claim 1 wherein the foam is prepared by
heating the aqueous solution and mixing a stream of air with a stream of aqueous solution

to produce the stream of foam which is discharged at low pressure.

3) A method of controlling vegetation as claimed in claim 1 or claim 2 wherein the aqueous

15 solution is alkyl polygclycoside mixed with water at a dilution rate of approximately 0.4%.

4) A method of controlling vegetation as claimed in any one of claims 1 to 3, wherein the
foam is produced by:
(a) providing a flow of hot aqueous solution of biodegradable foaming agent;
20 (b) passing at least part of said flow through a channel to facilitate low pressure that
creates a Vénturi to draw in a stream of ambient air;
(c) mixing the stream of air with the flow of hot aqueous solution to produce the stream of

foam.

25 5) A method of controlling vegetation as claimed in claim 4 wherein the channel produces a

free jet of solution.

16
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25 5) A nethod of controlling vegetation as clainmed in claim4 wherein the
channel produces a free jet of solution. 16 SUBSTI TUTE SHEET (RULE 26) WD
03/ 026414wB@3/0d6d®d2/ 00194 6) A nmethod of controlling vegetraminm2asoe! ai ned
in any one of clains 1 to 5, wherein the solution is punped through a
boiler, the full streamof solution flow ng through one channel to
facilitate | ow pressure that creates a venturi to draw in the stream of
anbient air 5 into a mxing chanber, where it is mxed with the solution
to produf)eAfmetiod batortivdiingespstation fas olaghediin anly ongaf elatns il e bywhersindhe

bef ore being di scharged through a divergent shroud. 7) An apparatus for

per form nggdifgod Rt éafth?&{ghré)bbﬂéigth)éefgﬁts%arﬁrbf%@hﬁioﬂrﬂmhFxm@agh bfe
descri bed above, the apparatus including: a) neans for supplying a stream

of hot aqueous sol.ution; b) nmeaps,for su i ng. . t [ .. a

ni xi ng chagwpe% geditgig lowg P%eé%ﬁlf% H’@f CIGies aa%g‘msﬁotf)u ig%ﬁltégg%rﬁ(% b(l:)en? Qc# m
foam and d) an elongate delivery passage connected between the m xing
chamber antnt@ adpixieydamben 5vhse it mixedWih thy sofpfeony fprodhersiogm @Pfa‘ihﬁq 7
wherein the neans for supplying a streamof air includes channel neans

whi ch f aci passed tardugivap eleagate deliveay passegtteforabeaieg tlischargel threughianlivergmnt eam of
anbient air. 20 9) The apparatus of claim7 or claim8 for controlling
veget at i onghy,d.he application of hot

7) An apparatus for performing the method of controlling vegetation substantially as
10 described abovel, the apparatus including:
a) means for supplying a stream of hot aqueous solution;
b) means for supplying a stream of air;
c) amixing chamber where the streams of air and solution are mixed to form foam, and
d) an elongate delivery passage connected between the mixing chamber and a divergent

15 outlet shroud.

8) The apparatus of ¢claim 7 wherein the means for supplying a stream of air includes channel
means which facilitate low pressure that creates a venturi to draw in a stream of ambient
air.

20

9) The apparatus of claim 7 or claim 8 for controlling vegetation by the application of hot
foam through a hand lance, including a hand-operated valve for controlling the flow of
solution into the mixing chamber and a nozzle mounted on the hand lance for producing

the venturi.

17
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foam t hrough a hand | ance, including a hand-operated valve for controlling
the flow of solution into the m xi ng chanber and a nozzl e nounted on the
hand | ancwofoam2qauoduci ng the venturi. 17 SUBSTI TUTE SHEBTT(NZW0bBN126) WO
03/ 026414 PCT/ Nz02/00194 10) A nethod of controlling vegetation
substantially as herei nbefore described wth reference to the acconpanying
drawings. 5 11) An apparatus substantially as herei nbefore described with
reference to the acconpanying draw ngs. 18 SUBSTI TUTE SHEET ( RULE 26)

10) A method of controlling vegetation substantially as hereinbefore described with reference

to the accompanying drawings.

5  11) An apparatus substantially as hereinbefore described with reference to the accompanying

drawings.

18
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