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- 1 - MITI-SILO FUM GATI ON ARRANGEMENT Technical Field TWanéﬁxgn"on
concerns the fum gation of stored, particulate foodstuffs, S g%a.n
and pul ses. More particularly, it concerns apparatus for fumgating a
grain 5 storage facility having a plurality of silos, using
phosphi ne or any other suitable fum gant. Background In this specification,
for convenience, the term"grain® wll be used in the sense that it
enconpasses not only 10 grain but other particulate foodstuffs that are
commonly stored in bulk, such as peanuts, lentils, peas and other pul ses.
This list is not intended to be exhaustive. Also, in this specification,
the term"grain pests" wll enconpass the pests usually found in stored

"grain" and 15 wel | known MULTPESHLO' FUNNGATION ARRANGEMENTges, being
predom nantly beetles and sone species of noths. For many years, a range of

chem cal pesticides have been applied to stored grain to kill the grain
pests that may be present in the grain. Many of such chem cal pesticides 20
| eave residues which can be harnful, and care has to be exercised to ensure
that the maximumresidue limts (MRL) are not exceeded. -2- This problem
with residues (Reshnddald Fimldreference for using fumigants instead of the

protectant chemal S. § nvBRE1BMPNEdittadid 02RES: rRREGPEIOR | f stored,
particulate foodstuffs, such as grain and pulses. More
particularlga it cohcerns apparatus for fumigating a grain
S storage facility having a plurality of silos, using.
phosphine or any other suitable fumigant.

Background
In this specification, for convenience, the term "grain®™
will be used in the sense that it encompasses not only
10 grain but other particulate foodstuffs that are commonly
stored in bulk, such as peanuts, lentils, peas and other
pulses. This list is not intended to be exhaustive. Also,
in this specification, the term "grain pests" will
encompass the pests usually found in stored "grain” .and
15 well known to persons who handle grain storages, being
predominantly beetles and some species of moths.

For many yvears, a range of chemical pesticides have been
applied to stored grain to kill the grain pests that may be
present in the grain. Many of such chemical pesticides

20 leave residues which can be harmful, and care has to be
exercised to ensure that the maximum residue limits (MRL)
are not exceeded.



preferred because any residue that mght be left in 5 the grain will be

. ost or oxidised to harm ess phosphate when the grain is processed to
produce a food. When phosphine fum gation is perfornmed using dosage rates
that are recommended for the present invention, unreacted phosphine also
causes no problem 10 in the context of the international permtted residue
|l evel s. The main problemw th applying a fum gant such as phosphine to a
grain storage (such as a silo) concerns dosage rates and maintaining an
environnment 15 within the grain which ensures proper elimnation of the
pests. As noted by Dr R G Wnks in his Daper entitled "Fl owthrough
phosphi ne fum gation - a new techni que” which was delivered to the Stored
G ain Protection Conference, 1983, if the so-called 20 "one-shot™

or "one-pass" Teisnproklemswitbedesifluasphaspliede to dther prefewrnee (for
exanpl e, from g sol idihar meadiduney alnsiaam Bospilede)photewtappl ied to
a leaking silo, the_concentrdtion of phosphine wthin tﬁma rain in the
silo is likely chemicatgay t&nforamang Jbket fumigantgsy s phos tHe

fum gant is ineffggbi¥edableeauaodnyd siwdue tiyenmibhe def WEfANIni S

ochni ques descPPBeci=ifh Vil St AIdak | 6% | SPidLeed Egonudifnidly,
4, 200, 657 to JapresfEhébekwhent Hdtee gsain désayprdcessed-to produce a
food. When phosphine fumigation is performed using
dosage rates that are recommended for the present
invention, unreacted phosphine -also causes no problem
10 in the context of the international permitted residue
levels.

The main problem with applying a fumigant such as
phosphine to a grain storage (such as a silo)
concerns dosage rates and maintaining an environment
15 within the grain which ensures proper elimination of
the pests. As noted by Dr R G Winks in his paper
entitled "Flow-through phosphine fumigation - a new
technique"” which was delivered to the Stored Grain

Protection Conference, 1983, if the so-called

20 "one-shot" or ‘one-pass™ technigue is used with.
phosphine from a gas source (for example, from a
solid formulation of aluminium phosphide) being
applied to a leaking silo, the concentration of
phosphine within the grain in the silo is likely to

25 decay to zero in about 4 or 5 days. Thus the
fumigant is ineffective after about 5 days. Even
when a fumigant is applied to grain in a completely
sealed silo (for example using the techniques
described in the speéification of U.S. patent

30 No 4,200,657 to James S Cook), there is a decay of



the effective concentration of phosphine in the grain as it is absorbed and
used to exterm nate grain pests. Thus, whether the fumgant is applied to
the grain in utilising Cook's one-pass technique or his 5 recircul ating
techni que (each technique, Cook clainms, results in a uniformdistribution
of phosphine or other fumgant within the grain nass before the forced gas

fl ow through the grain mass is discontinued), there will be a
significant fall-off 10 in effectiveness of the technique after a
relatively short time period. A simlar_coment is applicable to the

one-shot fum gation techni que described”i A The specification of South
African patent application No 86/4806, which corresponds to Australian

patent 15 applicatio ..09, 258/ 8 Ln_th . . Th alth
| ndustrial Gas&8® E?ﬁﬁgg-&f'e b°n°en§’fﬁ&éf'°fxe8§np§§gs hlg%nﬁgy%hg?ggg?ﬁs

t he rel ease asf ita jphosgbsorbedbnaadni ugedasto ntextidrmigratien gusinof a
silo. 20 For ¢ te Lo nat i o] ral.n s Sy Li,1kSsgessephial
that a sufficggg%%? . h%ﬁ?'g%&%@eroghghggﬁﬁpﬁgkr %ﬁalahgllh%dt Eé SHEO | ong
enough to ensur graiat itheuhblisingefank'st anes-nass rkechniqumpnert héF an

i nsect pest mgt upeirBha ad ingStebfhegaBt (8hage takdniqual, ecbkl edabyst he
phosphine.  I'n thig way, rgamstagt strains of the pests cannot edeggl op. In
a substantial yrﬁégit’:isghfnsﬁ oURLILPTR éﬁﬁgﬁ#}%%cgﬁt RRITP T aYE to
zero in about 16tteys. fumigenwor withfni reet cgrake alabst bedgse ghibeti ght
s forced gas flow through the grain mass is
discontinued), there will be & significant fall-off
10 in effectiveness of the technique after a relatively
short time period. A similar comment is applicable
to the one-shot fumigation technique described in the
specification of South African patent application
No 86/4806, which corresponds to Australian patent
15 application No 59,258/86 in the name of The
Commonwealth Industrial Gases Limited. That
technique simply requires the release of a
phosphine-containing gas into the grain mass of a
silo.

20 For complete elimination of grain pests, it is
essential that a sufficiently high dosage of
phosphine remains in the silo long enough to ensure
that the more tolerant stages in the development of
an insect pest mature into a less tolerant stage and

25 are killed by the phosphine. In this way, resistant
strains of the pests cannot develop.

In a substantially gas-tight silo, the phosphine
concentration decays to zero in about 16 days. The
work required to make old storages gas-tight is



-4- costly and is not al ways successful. A substantially inproved

fum gation techni que, which ensures that an adequate phosphi ne dosage is
achieved within the grain, is the subject of Australian patent application
No 58584/90. 5 In many grain storage establishnments, a nunber of silos of

di fferent shapes and sizes are built in close proximty to each other and
grain is deposited into an enpty silo or removed froma silo containing
grain, as required. In such systens, as i-n4amy nulti-silo storage facility,
it woul d be 10 advant ageous to provide a single fum gation arrangenent,
utilising a single source of phosphine (or other suitable gaseous funigant)
and carrier gas, ,aflch ensyres that _any nunber of .the silos inh the facility

can be fum gat%‘&ﬁ h&Rd t hE RRY P&Wﬁé’sdeﬁlgﬁe?ﬁéuium 9Bt i Brbstaptiatixn
15 tine a sil mmprw@wghfumﬂg@tmxe f oecinbdqie st owAgeh oensareenovRdtf ram

t he system becayse i S en e Led of qr scl ur e, of Pr esent
nvention 1t 1adegeate BRo gt Tae Boudtn e o eret ot fLh Hhe aP8s 58
arrangenent whtheh sab]éct usfdAustrapianepatentuappiicationcNoi 56584198 .

grain storage facility having a nunber of silos - possibly of different
si zes and t%pes - but with variation of the nunber of silos in _ use at any

tinme, utili3intP PAHFEBLRFERTIIC [eFT Yokt SRBRRES ni Agyaker ot sF!almétc‘l’ﬂ‘-eve
this objecti wiffefentisighfes 0Rsd Sixésr&reMELEL 18 cTOsWesiSLimity €o
single duct. eat';%1 eother andS grain is deposited into an empty silo or
removed from a silo containing grain, as required. 1In such
systems, as in any multi-silo stdrage facility, it would be
10 advantageous to provide a single fumigation arrangement,
utilising a single source of phosphine (or other suitable
gaseous fumigant) and carrier gas, which ensures that any
number of the silos in the facility can be fumigated
without the need to re-design the fumigation system each
15 time a silo is brought into use for grain storage, or is
removed from the system because it has been emptied of
grain.

Disclosure of the Present Invention

It is an object of the present invention to provide an
20 arrangement which can be used to implement a fumigation

technique in a grain storage facility having a number of

silos -~ possibly of different sizes and typés - but with

variation of the number of silos in use at any time,

utilising a single source of fumigant-containing gas.

25 To achieve this objective, a single gas mixture
source is connected to a single duct. The duct is



-5- connected to a gas input port of each silo in the grain storage

facility. Bet ween the duct and each silo gas input port, there is a
respective valve (which is opened when grain is stored in the silo and 5 is
cl osed when the silo is enpty) and a respective orifice plate. Each

gas input port should be provided with a gas distribution arrangenent to
ensure that the input gas noves throughout the grain mass in the silo
when fum gation has been 10 establi shed. The orifice plates are
scaled or sized to ensure that the naxinu% pressure drop in the entire
systemis across the orifice plates. This arrangenent effectively renders
the systemas a whole insensitive to variations in the system 15 downstream

of an orifice p T f f S t ndjt4 ong_h been
established, a 5 oecgr?tda%né &rasa iﬁéuénggg é ﬁgg dgraiér)l gﬂd%}{’%e val ve
between that silgyaind steragetfamititys co@ﬂ@&ﬁ&ﬂtthQ%d#FtlhadlsaGhosed

there will be ogliyo?0gds MiphePeidst Dol kfBrAl 141 025 pieLive OvhliGel NPU!

ports of the renmalnin n e system Siml ardy preV|oust
enpty silo is fﬂﬁpé&hoﬂspQPFP&FIVhPPIBE&*& if Gtors: Pﬁetéﬁe itg @ndt he

val ve betweenst g Gffodetpuvhenr thef dild 55| emphy )t hhdyas 25s§u|&|ahweduct
enabl es fun1gat|0n of the aininthat silo to c nmenc | y.a snal
ef fect upon the §é§"FIeOV\PF‘ﬁt[;8'the o‘%?‘n%? J3ps 12 e PR%or é’(?l"ﬁ:reéct P&n i n
gas flow that |prpaqdadedwﬁ&hcoapegaatedﬁemrﬁbatiennvakrehgamsnko toom or
addition of a sihgut@ What3dmy SIFREGaLenbllsCtAloRYRBLEEHhRI gEESA

pressure .
mass in the silo when fumigation has been
10 established. The orifice plates are scaled or sized
to ensure that the maximun pressure drop in the

entire system is across the orifice plates.

This arrangement effectively renders the system as a
whole insensitive to variations in the system
is downétre_am of an orifice plate. Thus if, after
steady state conditions have been established, a silo
containing grain is emptied of that grain and the
valve between that silo and the duct which is
connected to each silo is closed, there will be only
20 a minor perturbation of the gas supply to the input
ports of the rem2ining silos in the system.
Similarly, if a previously empty silo is filled or
partially filled with grain, the opening of the valve
between the gas input port of that silo and the gas
25 supply duct enables fumigation of the grain in that
silo to commence with only a small effect upon the
gas flow into the other silos. The minor correction
in gas flow that is required to compensate for the
removal of a silo from, or addition of a silo to the
30 system can be effected by bringing the pressure



-6- within the duct back to its steady state val ue by adjustnment of a
suitabl e control nmechanismfor the gas supply to the duct. Thus, according
to the present invention, there is provided 5 a fum gation arrangenent for
a grain storage facility having a plurality of silos, said arrangenent
conprising: (a) a source of a mxture of a carrier gas and a gaseous

fum gant; (b) a duct connected to said source; 10 (c) control neans for
varying the supply of said gas m xture frenbsaid source to said duct; and
(d) a respective connection between said duct and a gas inlet port of each
siloin the facility, each said connection including a valve and an orifice
plate, 15 each said orifice plate being adjusted to provide a
pressure drop across the plate which is substantially greater than the
pressure drop across any ot her conponent between said gas m xture source
and the silo wth which the orifice plate is associated. 20 The control
means nmay conprise a control valve between the source and the duct, or it
may conprise any other suitable arrangenment for controlling the supply of

9as Logihe Jucluchlh CHAEY SuclPaBacky WAV 4WE® 3REEH°T Rl WAIGR CRyPCS
the gas m xture to ow I nto the duct).
adjustment of a suitable control mechanism for the gas

supply to the duct.

Thus, according to the present invention, there is provided
5 a fumigation arrangement for a grain storage facility
having a plurality of silos, said arrangement comprising:
(a) a source of a mixture of a carrier gas and a gaseous
fumigant;
(b) a duct connected to said source:;
10 (c) control means for varying the supply of said gas
mixture from said source to said duct; and
(d) a respective connection between said duct and a gas
inlet port of each silo in the facility, each said
connection including a valve and an orifice plate,
15 each said orifice plate being adjusted to provide a
. pressure drop across the plate which is substantially
greater than the pressure drop across any other
component between said gas mixture source and the silo
with which the orifice plate is associated.

20 The control means may comprise a control valve between the
source and the duct, or it may comprise any other suitable
arrangement for controlling the supply of gas to the duct
( for example, means to vary the speed of a fan which causes
the gas mixture to flow into the duct).



-7- Once such a system has been set up to establish the required flow
rate of fum gant-containing gas through the silos, the flow rate through
the grain in each silo containing grain can be maintained at the required

| evel 5 when a valve in a connection between the duct and a silo is opened
or closed sinply by varying the setting of the control valve (or other form
of control neans) to maintain a constant pressure of the gas within the
duct. The fumigation arrangenent of the présent invention was 10 desi gned
for use with a plurality of vertical silos (that. is, silos having a height
to wdth ratio of at least 1.5 to 1). However, as noted above, the
systemis equally applicable to grain storage facilities conprising silos
of other types and capacities. 15 Preferably, the fum gati on nethod

practiced with the present invention wll be that described in the
specification A | ian t appki Moyl 8469Q g i1 £801 s of
whi ch are incgirq%gr ;%%a%ﬁi na?os? éﬂs ecig i%élrgnsge 5%3 r ef esF ence to e

appl i cati on NsegBigedodlox) nate fuigant oeontaintng ngpsnthrauegbn the t he
D orhea. e TR ShaY, ol et chethhe e LN 1) e pesie
8;ggLiStioﬁAoF°Pﬁég839ﬁlﬂﬁ?#ﬂgﬁﬁ% EgP@ain&%&§F§mqéhﬁ@%gr?ﬂgifﬁgné§§%%1
phosphi ne 6ol ghenca ealeet yni 8 atomredtigre e thsemothd Aubty drdpreestilo is
opened or closed simply by varying the setting of the
control valve (or other form of control means) to maintain
a constant pressure of the gas within the duct.

The fumigation arrangement of the present invention was
10 designed for use with a plurality of vertical silos (that
is, silos having a height to width ratio of at least 1.5 to
1). However, as noted above, the system is equally
applicable to grain storage facilities comprising silos of
other types and capacities. '

15 Preferably, the fumigation method practiced with the
present invention will be that described in the
specification of Australian patent application No 58584/90,
the contents of which are incorporated into this
specification by this reference to application No 58584/90.

20 Further discussion of the implementation of the present
invention in a multi-silo grain storage facility will now
be provided, with reference to the accompanying drawings.



5 Figure 2 illustrates the reduction in the survival of grain pests wthin
a grain sanple when the grain is subjected to fum gation w th constant
concentrations of phosphine. Figure 3 is a schematic diagramof a
multi-silo 10 fum gati on system constructed in accordance with the present
I nvention. Further discussion of the present invention The diagram of
Figure 1; whi ch has appeared previously in the aforenenti oned Rural
Research 15 article and in the paper by R G Wnks entitled "The effect of
phosphi ne on resistant insects”, which is included in the Proceedings of

t he CASGA Sem nar on Fum gation Technol-od@/ 4 n Devel opi ng Countries, 1986,
pages 105 to 118, shows how insect eggs and the pupal 20 stage of the
devel opnment of a beetle or . other gr ai_n pest ]S S|gn|f|cantly nore resistive
to fum gation t Beief Hdes PIFLOfh (P2 dr il S ' Thus if a grain storage
Is fum gated atg ﬁg@stantleoneenwﬁa@num(ﬁsndwxugnruhe tétearopexerimat i on

nmust be suff|C|entI to_destr and up r st be
mai nt ai ned at aPQ%f%%lﬁﬁl ﬁQF§a§88ngf “ﬂ%&izﬂqrafh-§%§ adﬁ*% pests and
their larvae foits &évelephéntient for the nore tol erant eggs to becone the

| ess tolerant |arvae and for the pupae to becone adults. By nDnitoring t he

carbon di oxi de production (from5 insect respiration) in a sanple qé grain
whi ch was 5§ Figure 2 illustrates the reduction in the survival o

grain pests within a grain sample when the grain is

subjected to fumigation with constant concentrations
of phosphine.

Figure 3 is a schematic diagram of a multi-silo
10 fumigation system constructed in accordance with the

present invention.

Further discussion of the present invention

The diagram of Figure 1, which has appeared
previously in the aforementioned Rural Research
15 article and in the paper by R G Winks entitled "The
effect of phosphine on resistant insects", which is
included in the Proceedings of the CASGA Seminar on
Fumigation Technology in Developing Countries, 1986,
pages 105 to 118, shows how insect eggs and the pupal
20 stage of the development of a beetle or other grain

pest is significantly more resistive to fumigation
than the larval and adult stages. Thus if a grain
storage is fumigated at a constant concentration of
phosphine, the concentration must be sufficiently
25 high to destroy all eggs and pupae, or it must be
maintained at a value which is adequate to kill all



infested wth Sitophilus granari us, to which phosphi ne was supplied
at a constant concentration, the results displayed in graph formin Figure
2 were obtai ned. These results show that even wth 10 phosphine
concentrations as low as 4 mcrograns per litre at a tenperature of 25
[err]C, all stages of the pest had been destroyed after a period of about
6.5 weeks. The results also show that the tinme for all insect stages to
be destroyed decreases as the 15 phosphine concentration is increased.
Simlar results have been obtained using other concentrations of phosphine
and with infestations of other species af ggrain pests (including

Tri bolium castaneum Rhyzopertha dom nica, Sitophilus oryzae, Sitophilus
20 zeamai s, Bruchus pisorum Oyzaephilus surinanmensis and Ephestia

cautel | a. Fr a@lhte pedesd | apat alhdliat a18bvabnedr id bisebetEsicyed! hat
all insect pest% areté?lled I n q%;easo abl e ti”Z,“‘%P a con% ant .phosphi ne
concentration of %%t I"&%st ™PTR cr dﬁfﬁé‘ ef9%5 1 £° 255GPMT p %‘?philﬁgs
concentrati ons dol2ramntr darase @and |fioxr chet papaesdot hecomeataidud taf, t he
grain increased with time when the pest was Sitophilus granarius and
Sitophilus oryzae. Thus concentrations of phosphine |ower than 4

m crograns per Byt rmonbtapingffthe i varpon) diexidec prafugtigmsdfrom - 10 -

Although it sTBhgedRPGEspirdliod) '8h aSidHiple bRAlgralw eRRieN s
concentration of, phosphine in th

e
infested with Sitophilus granarius, to which

phosphine was supplied at a constant concentration,
the results displayed in graph form in Figure 2 were
obtained. These results show that even with
10 phosphine concentrations as low as 4 micrograms per
litre at a temperature of 25°C, all stages of the
pest had been destroyed after a period of about 6.5
weeks. The results also show that the time for all
insect stages to be destroyed decreases as the
15 phosphine concentration is increased. Similar
results have been obtained using other concentrations
of phosphine and with infestations of other species
of grain pests (including Tribolium castaneunm,
Rhyzopertha dominica, Sitophilus oryzae, Sitophilus

20 zeamais, Bruchus pisorum, Oryzaephilus surinamensis -
and Ephestia cautella. From the experimental data
obtained, it has been found that all insect pests are
killed in a reasonable time with a constant phosphine

concentration of at least 4 micrograms per litre.
25 With phosphine concentrations of 2 micrograms per
litre, the insect population of the grain increased
with time when the pest was Sitophilus granarius and
Sitophilus oryzae. Thus concentrations of phosphine

lower than 4 micrograms per litre do not effectively
30 fumigate a grain mass. '



carrier gas also increases the efficacy of the fum gation technique, this
conclusion is incorrect. 5 There are also econom c factors to consi der.

A detail ed assessnent of economc factors has shown that at concentrations
i n excess of 200 m crograns of phosphine per litre, fum gant is being

wast ed. Thus the phosphi ne concentration in the carrier gas should 10 be
kept within the range of from4 to 200 mcrograns per litre. For an
effective yet econom cal fum gation technique, the concentration of
phosphi ne should be held at a constant val ue selected fromw thin the
concentration range of from4 to 100 15 @dlcrograns per litre, preferably in
the range from4 to 50 mcrograns per litre, with due consideration being
given to the tinmes to insect population extinction for the concentration
chosen. Now t heAd¢beugh | ite- B2K| cappeagrai naknsEdrsti ssagbtiv 20thatbont h.

Thus if the conggpieakifg OCtn@hosdHideett ot Hon f igk ephosphined ahl tnsect
stages in a period of leSs than 30 to 35 days, cessa n of thg fum gation

. Lo
will not result SRRXLRE JE9EI oPHERL 6P°§e§F§ﬁiftPEan?%EbﬁﬁFXtiS ofhensect
pests within theuaigaeibar tachAlqueyst tHis @ei¢DEsion Theisineonesteal , yet
effective, naénhgnance of an insect-free aiajg st orage can.?e effected if
the const ant - ConBEREr a3 Dn FE&nt PEPPEIFovE T 1RPS pitSs pRPRRL FS€ht gat i Bn

techni que i s apgetedlédr asg=ssmzht 0 off f econumliy dfaridmest hialse ghawn, and
30 then is diSCQHLE”H@dcéﬂ&eﬁtPQEEQQsO&nzngQSQSOQa¥§O micrograms of
phosphine per litre, fumigant is being wasted. Thus
the phosphine concentration in the carrier gas should
10 be kept within the range of from 4 to 200 micrograms
per litre. - For an effective yet economical
fumigation technique, the concentration of phosphine
should be held at a constant wvalue selected from
within the concentration range of from 4 to 100
15 micrograms per litre, preferably in the range from
4 to 50 micrograms per litre, with due consideration
being given to the times to insect population
extinction for the concentration chosen.

Now the average life-cycle for grain insects is about
201 honth. Thus if the concentration of phosphine is .
sufficient to kill a2ll insect stages in a period of
less than 30 to 35 days, cessation of the fumigation
will not result in the development of a significant
population of insect pests within the grain for at
25 least this period. Thus economical, yet effective,
maintenance of an insect-free grain storage can be
effected if the constant-concentration (controlled
low~flow) phosphine fumigation technique is applied
for a period to effectively disinfest the graim, and
30 then is discontinued for a period of 28 to 35 days.



The actual period for which the fum gation techni que has to be applied
depends upon the factors noted previously in this specification, being from
25 to 28 days when the phosphine concentration is about 10 m crograns per
litre, 5 and being as short as from12 to 14 days if the phosphi ne
concentration is increased to about 100 m crograns per litre. However,
the 1inconvenience (and extra cost) associated with the periodic
stopping and starting of the fum gation tedbnrque may make this variation
of the 10 technique unattractive to sonme users of it. The benefits of the
controlled owflow fum gation techni que, conpared with conventional grain
storage treatnents, have been outlined in the aforenentioned paper

del i vered by CFhR &tpaksprariefcfangdhigh) the Gunigation kecdyigue has to
O_olnf erence. Sipgl ?ﬂﬂﬂm ARt d6péhds e&bﬁhlt i#¥Hd nga&botst Qﬁ:hﬂalt 'dil;lﬁréﬁi?.x%ilﬁgh._ﬁ

sil o was sugge en presenting aper . s or _establ i shing
that |owflow ?ﬁﬁ?gaﬁﬁeﬁf{%‘:ﬁ?‘?ﬂ sﬁ)ﬁgng?a ot &sgggxf ﬁnl ARYEs R+ %P‘&[ es
the preferred pbespbineheomceserationerdis @bdiftt (1hontbrograms| pee litre,
apprec'aFEdsthéthLBE@ngE!%%E&Qﬂakﬁ n99ﬁ§-&9nhbed§%§ef%?@hﬁsyﬂgsbﬁgne
present invention). Referring nowto Figure 3, the schematica

i |l ustrated engeaFaBiragiophelsr dosreaspient? orbesr198s miaxngrams OPer a

I um%ggntp - c??}] a'tmi:ﬁa. gas ﬁbﬁébek?f sulgel itfgcéﬁvﬁﬂﬂéhcté pgasaur Sx‘E%ﬁab&BEtf;OO
0 a al 1S, a pressure apbou . Il ncnes water auge) . IS
D eaour i s noneppo1BERar I the ahs, Datadi RHomRAR, $9¢ rLetting Of the)
fumigation technique may make this wvariation of the
10 technigue unattractive to some users of it.

The benefits of the controlled 1low~flow fumigation
technique, compared with conventional grain storage
treatments, have been outlined in the aforementioned paper
delivered by Dr R G Winks at the 1983 Stored Grain
15 Protection Conference. Simple apparatus for establishing

that technigque in a single silo was suggested when
presenting that paper. A system for establishing that
low-flow fumigation in multi-silo grain storage facilitieé
constitutes the preferred form of the present invention
20 (though it will be appreciated that other fumigation
techniques can be effected using the present invention).

Referring now to Figure 3, the schematically illustrated
embodiment of the present invention comprises a source
10 of a fumigant-containing gas which is supplied
25 under a pressure of about 500 to 700 Pa (that is,
a pressure of about 2 inches water gauge). This pressure
is usually established by a fan (not shown in Figure 3)



whi ch provides a flow of the carrier gas, into which the fum gant gas
(preferably phosphine) is introduced by conventional techniques. The
source 10 of gas is connected to a supply duct 11 by a control valve 12. 5
The supply duct 11 is connected to a gas entry port 16 of each silo 13 in
the system by a respective connection conprising a valve 14 and an orifice
pl ate 15. Preferably a distributor 17 is provided in each silo to ensure
that the carrier gas and its fum gant 10 are distributed within the grain
mass in such a manner that a uniformflow of gas is established within each
grain nmass. Each distributor 17 may conPprTse a | ouvre arrangenment. The
orifice plates 15 are sized so that the maxi mum 15 pressure drop in the

system (when fumi | O . red 0.0 Qet | . iS ] ro, 4§, acr oss
the orifice pl am{rg:.‘;‘éﬁ &&JA%&%X%IQ%G& e‘g%iéeirﬁs%énxs #%l’g s%{e%?gﬁl)hcla lon, a
steady state furthmtfunigant cgas s(prefemahiy phosphingl risl ptradused hr ough

th 20 of ' ' ' '
CelTTon of opabpeatill Lehinigh,  mdbang dkr g s

condi tion of oper g W y a small degree 1f_ an
addi tional silo §eRReFEad| &Q & SYPRLY ARCE JdghlY ihtPURCL AR 1A-if one
?]f t he val ?/es i%&_eﬁlgprﬁblaee&u&a fi%ﬁgaﬁmf hedted ot aZ@:rsecmﬁ:qd por# silo
or exanpl e, | as _.been jed. o rai uch_a mnor...
perturbation c\émf eO%eaﬁcfgl 3&}§m%dlﬂy %u?&%ﬁﬁmt s& t’f%%é(’ﬁtlt%ee
control valve lXemnediion heonprbsing afvakee i ki t4nd darctoriifice rptakened to
s steady stateyyal ucpreferbilF PR RIBYSSLM M id AN Tade QPR NG 11
silo to ensure that the carrier- gas and its fumigant
10 are distributed within the grain mass in such a
manner that a uniform flow of gas is established
within each grain mass. Each distributor 17 may
comprise a louvre arrangement.

The orifice plates 15 are sized so that the maximum
15 pressure drop in the system (when fumigation of the
grain in the silos is in progress) is across the
orifice plates. As explained earlier in this
specification, a steady state fumigation system is
set up with the required gas flow through the masses
20 of grain being <fumigated. This steady state
condition of cperating will be perturbed tc only a
small degree if an additional silo (also called a
"bin") is brought into the system, or if one of the
valves 14 1is closed because fumigation is not
25 required in a silo {for example, when it has been
emptied of grain). Such a minor perturbation can be
readily corrected by adjusting the setting of the
control valve 12 so that the pressure of gas in the
duct 11 is returned to 1its steady state value,
30 whereupon the system will again be operating in its



- 13 - required manner. I n addition, and perhaps nore inportantly,
when this aspect

m nor changes

t he gaseous fum gant,

of the present invention 1is used, only very

in pressure in the gas supply duct are experienced if a 5
bin should be only partly filled, or if some of the bins of the storage
facility contain different commodities. Using such a system wth phosphine
as the gaseous fum gant, a fum gation systemfor a grain storage 10
facility having eighteen silos or bins has been designed. If phosphine is

t he phosphi ne may be obtained froma cylinder of a

pressurised m xture of phosphi ne and car hgn.di oxi de. However, as 15 noted
earlier in this

speci fication, an on-site generator is an alternative
source of phosphi ne,

which is preferred in areas where a regul ar supply of

gas cylinders Cﬁé‘@@ir@@ glaaheit.ced. Iviar hagiensn,, o tdd apem@%enﬁowom in
Figure 3 are 20, poss As al ready ,nated, the control yalve 12
HRPTERRELY o P h
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commodities.

Using such a system, with phoSphine as the gaseous
fumigant, a fumigation system for a grain storage
facility having eighteen silos or bins has been
designed.

If phosphine is the gaseous fumigant, the phosphine
may be obtained from a cylinder of a pressurised
mixture of phosphine and carbon dioxide. However, as
noted earlier in this specification, an on-site
generator is an alternative source of phosphine,
which is preferred in areas where a regular supply of
gas cylinders cannot be guaranteed.

Variations to the arrangement shown in Figure 3 are
possible. As already noted, the control valve 12 may
be replaced with an alternative arrangement for
controlling the supply of fumigant-containing gas to
the duct 1l. For example, the control of the gas
supply could be by variation of the speed of a fan
that is used to create the gas mixture supply 10, or
by the use of multiple fans which are brought into
the system, with their speeds varied, as required.

Other modifications of an engineering nature may be
without departing from the present inventive concept.

made



wi t hout departing fromthe present inventive concept. - 14 - THE CLAI M5
DEFI NI NG THE | NVENTI ON ARE AS FOLLOAS: 1. Apparatus for effecting the

fum gation of a grain—storage facility having a plurality of silos, said
apparatus conprisi single source of a mxture of a carrier gas and
a gaseous fﬁﬁn mHEE ngl e duct connected to said source; (c) control
means for v pty of said gas m xture fromsaid source to said
duct; and (d} a respectlve connection between said duct and a gas inlet
port of each silo in the facility, each saf#& connection including a valve

and an orifice plate, each said orifice plate being adjusted to provide a
pressure drop across the plate which is substantially greater than the

Bnd the i1 o il R MERI R B IR ERC a8, A Fortolsfi 0 P01 e o
defined in clain1 1, including a respective distributor within

cach  silo  for dhgiiluiliandespe S aEna" S AU ThEL Y St "

thegraln I’TB.SSInlt ssocl at ined 1n“claim1

or claim2, in mhlcﬁ@ﬂfﬁQQxﬁﬂ¢%iiﬁ%aH§VéB§pﬁwﬁ%@%@%ﬁﬁ?rGﬁ\Eﬂ%&?beﬁﬂé n

sai d source and sai @ppaiiatus compRii@idigys as defined in claiml, claim2 or
claim 3,

{a) a single source of a mixture of a carrier gas and
a gaseous fumigant;

(b) a single duct connected to said source:;

(c) control means for varying the supply of said gas
mixture from said sougée to said duct; and

{d) a respective connection between said duct and a
gas inlet port of each silo in the facility, each
said connection including a valve and an orifice
plate, each said orifice plate being adjusted to
provide a pressure drop across the plate which is
substantially greater than the pressure drop
across any other component between said gas
mixture source and the silo with which the
orifice plate is associated.

2. - Apparatus as defined in <claim 1, including a
respective distributor within each silo for
distributing the carrier gas and fumigant mixture
within the grain mass in its associated silo.

3. Apparatus as defined in claim 1 or claim 2, in which
said control means comprises a control valve between
said source and said duct.

4. Apparatus as defined in claim 1, claim 2 or claim 3,
in which the gaseous fumigant is phosphine.



in which the gaseous fum gant is phosphine. - 15 - 5. Apparatus as
defined in claim4, Tmwhich the phosphine is supplied froma cylinder

contalnl ed phosphine or a conpressed nmxture of phosphine
W th anot mmum' "&mat us as defined in claim4, in which the
phosphlne*lscsup an on-site generator of phosphine. 7.

Appar atus for effectlng the fumgation of a grain storage facility having a
plurality of silos, substantially as herej nfipfore described with reference

to Figure 3 of the acconpanyi ng draw ngs.

5. Apparatus as defined in claim 4, in which the
phosphine 1is supplied from a cylinder containing
either compressed phosphine or a compressed mixture of
phosphine with another gas.

6. Apparatus as defined in <c¢laim 4, in which the
phosphine is supplied from an on-site generator of
phosphine.

7. Apparatus for effecting the fumigation of a grain
storage facility having a plurality of silos,
substantially as hereinbefore described with reference
to Figure 3 of the accompanying drawings.



