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Abstract

ThisMAwnmnﬁmcfHﬂiﬂwmkwimmmmm glop ahigh
povrer, high fraquency michowsve oALME PRIGESS te acat inscot infested genin.
M‘smhmsﬁasmummmhﬁcm&ﬁn‘amusmpmj fimded by
the U8 Depactmeat of Agrisultors. The primary objective wis © develop 3/ comupsnciel
mmlmmleﬂmmmmmﬁwmwm 1 kg'ser,
which is required 10 be viabks in the grein handling induswry. A fow rape of ~{.12
medmﬁaﬁﬂlﬂkﬂﬁmﬂmhﬁdm&lm% ¥l rate. The
ayncnhmpﬂhluotmwfhﬂwvuwmgﬁdnmgmm;ulnhhm
wavegnide Linited the power to 20 ¥W during the tests. Development nskE parformed
dring the prvject included taodification of an existing high-nower microwave exposure
ﬁm’ﬁi;huiﬁnuﬂ;rpmmlargagmnmphuhiﬂlﬂwm ad ipovod
insmmmentation to detoct grain flow ed mniformity, Micnowive proceasing tasics inchads
a series of comtrolled expasure tsta using infested grein samplas providad gnd amalyzed

wuwwmdwmmmagmmmmmm beetles which
the Mot diffioutt to kilk in esrhier 1ests. Most of the samples processdd reculicd in
qﬁwmuumlhﬂmmdammmnuMufdﬁ‘ﬂ. e Tacilitios

iitized ot ORNL are loosted in the Pusion Energy building (9201-2 at ¥-12) and include
the 73 GLz 200 W CW high power microwave tacility and microwave best equiparent
associated with the FBD Micrawave Developmaent Laberatary in 5201-2. An improved
wictewave exposure chamber and grain fow control amd hendling equipment wers
designed and build se a foint effor betvrsen Micro-Grain and OFNL. A¥ piver o ingect
mﬂatodgminte-summﬁﬂlrpmﬁmmdﬂlthc@ the highor powey, ghe fhow
Mﬁwmlhﬁmdhymh;inﬁcmluwwewaugﬁdemddwmﬂnmm
ootpu window, Taet results snd the overell perfrmence of the spplicatgr sysiem arc
very favorable for confinued development of the conesr. Purleey wats v

in a large high power 2.4% GHz microwave apphisator tn biehes. These zamples amare
qum=mwwhm:wmhmmm; ower cofl lower
frecqmency microwave syster might be moc: succensiil duk o the Mmpro d econcmm
el sizmpler operatian and maintevmee of the low Sequency syctems. Follgw.o work iz
eﬂipﬂn&hlahmﬂ::ﬂﬁﬂdydﬂﬂinfEm&HahmumMufhﬁn‘odﬂmm
has eseomiinlly brought the development wock (0 a chose for tow.  Micro-Geaim is bamg
nmhymlzﬁmataluwkwlwbummtuﬁwl}rpnﬁnsﬁrﬂmmm
Intradectinn

The purpose of this Cooprutive Research and Developmant Agraaman (CRAD &)
bitween ORNL/UT Buttelle aod Microlrain, ne. was to investigaly

microwave eanment of mfested grain produsts s an alizmative to CureRt eatmcnt

meihonds invalving pesticides. It wes expected that fsis CRADA would demousirase, o a
conmmrcial seale, practical md ecancmical alteratves o the we of ingcrcides. The
comtinusd use of pesticides is likely o be resicted or benned by the Eo T
Proiclion Agency, Far exarnple, he chemical medd bramtds, which is oudme Ty tsed
0 Rmnigate geadn storage fasilinies iz proposed to e banned i e aoar ok
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mmmmwmwmanmmmma
mmﬂymmmmmmﬁﬂeﬁaﬁwﬂh@wmwm
of mitetod gmin savaplss. These studiss fndicate that 2 high insect monelicy rate i
mmhhwmhmhﬁiﬂuwvmﬁwafm:wwlimfﬁruplmﬁng. Miczowive
&HLmepmmmﬁmhmﬁnhﬂcmmmdﬁmﬂym

ovetheating the whoet samst be melmsined. Ooe epproach is 1o oparste st high
miunwmuﬁmqumﬁumhsszsﬁﬂzarﬁghummepnwujspmﬁrmﬁaﬂj
ahsarbed i the moist insecrs and wot the relatively doy grain.

Todtta,hdgh—pownﬁmwwaﬂpnmtumhubmpcrfumedmmﬁsmdguin
sumples st @ varisty of froquencies inchuding 2.45 med 10.6 Gz and 28 GHz, and
medicrn power sests o 12, 15, 18 and 35 38z, Most of these tests wepe peelrainary in
ratroe; bowever, sEtistically significant numben; of samples were ireated The highest
w:amwmm;ummﬂm&ﬂmﬂam
mﬂjwemqtﬁmmssﬁﬂindnmmingﬂﬁmmlnmaﬁumsiudmm.
Additorally, low pewrec-swspt frequency Jdata an the dielectric loss of wheat and incects
hats boon cbtained ustng 8 oetwark analyzer. A wend indicated by analysis of the duta
mﬂmnddingimiraupmfumﬁn]hwﬁugnfﬂwﬁuaﬂsmmﬂmmimm:
is raisel The incrsase in loss of the bwlk whaat with increesed fiaguency
Jevels mukes igh-frequency epplicator dasign more diffienlt 16 sne of e challengss
faced during this CRATMA was to devalop an applicator capakile of handling 5 Kgfsec or
higher gmin flow rates while maintaining 2 »59% insect kil sate. The grain st bé
Mmmﬁwmpmﬂmwmmwmg

Concerns of the U.S. government over the impact of pegticides on human heabh and the
enviranment have profupied 2 search for aliematives for the control of instets in stored-
products, specifizally for methyl bromide, th accordance with the Clesn AT Acl (Secsion
§02). Evidence that insects am becoming inereasingly mosistant v chemical pesticides,
mmmmhmmmmmumwmm
potential pathagens in biowans are also cormpedling reasons for developing dlkemasive
sontrol methads, The proposed project is significent to the resolution of these problems
and will continne evaluate the yse of mderowsve smd millimeter wavs suttgy & N
stfoctive, sconomival and practicable atternative menne of contrlling insects in stoned
prodoott at much higher flow rates than previousty schioved A socsessful system could
slimiinaty (he yae of metyl bromide in the quarntos’ coramedity cmegory {~1.2 tone in
19¢0 in Horth America aloos, Taylor 1904), K can also offer slternatives to the genceal
sz of pesticides in fhe high-value commodity sector of the srored product indusiry.

Project Ohjectives
Specific CRADA tasks for ORNL wrere:
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(73 Plan AW EEperiments in coujrmetion with Micre-Grain and Uniy. OFf Oklahoma aad
prepare required sadety documentetion.

{1) Devalop an sxposure 2ok and grain handling spparatls with adjustabls How tate mmd
npﬂnﬁﬁmmmmﬂmm&umlml Prepe 28 Oz
Fyrotron and wavegide syitem fiour fall-payover operation and perform an sffickmcy
colibeation with & dummy Inad located insides de cxposme teak.

Q}mel&ﬂmmmmwmmmmm.
Adﬂmmmﬂmmdmhmmwﬂhﬂnwlmﬂmuﬁmumdhgﬁnm

£3) Betsbilish gyrotron operating parameters for tests ncluding cetimgs fior varions poweer
levals and pulse 1oagtha,

{4) Porfonn teats on an agfkid upon tigsber of eemples provided by Micre-Grain
(5} Perform 4 weels of actual iesting
(5) Cleazmy the fhoility after tests are complete.

Pretotype Applicator Tests

Thaes tegts ars inkended 15 previde & proof of penciple wat of ndested grein reatmen
oeing hgh fraquency miciowsvs encrgy on i industrial scale. The exigting $0-¢m D
mimmmmmmkmsmodiﬁedtommmm&winzﬂmdimm
and #xil fised pipe. A Tnicrowave compatible grein difthser and eollecior was developed
tupermitmu:lmmwdnfmwnhﬁn&smkwmmhwfmmmm
the mikrowave ensrgy 43 tho grain falls through the wnk CRNL assisted Micro-Grain in
Sasign the nesded components tor modify the tank. Specific ORML ks performed S
thit phaes inchuded:

(1) Inatall new cotpenents on 28 (GHz tralr melnding tog & bottorn Tansiton, valve,
LET) clectronics

(:!)Ec-:mhwwguidatnsiﬂulaumhmmamk

ﬂ}&mmﬂm.pmbodahaymmanmmkum Smdy e
grain Hovw patkem to cheek for uniformity of dispersal.

(&) Checkout Dew ysiom, esfablish pyramon paratnesers and fost systam sficlency with
weater lomd placed insads tmke
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fncoess im meeting the objectives of the CRADA

MMnfmﬂﬁmﬂMMumm»mﬂimdhﬂut:dﬂMdﬁmsﬂm,
mmmmmdnme@pﬂwfmﬁghmﬂowmm
pufnrmndughpowzﬂﬁﬂzﬂmingguinmmmmaninMﬂmp\m Tha
ﬂnﬁuggﬁntmmmﬁmmnnﬁsﬁdhdmnﬁnnh:mchﬁqmmamﬂyﬂl
scalz hased on the powet capability of the systens. & flow sate of ~ 0.12 Kgismeond was
demvonsmted at 20 KW microwave power lovel with 10084 il rata. The system 15
capable of 200 KW hawever waveguide arcing die ko graln dust the waveguide limited
the power i 20 kW during the tests. The poweer fimit difficolty encoumtsted waz
peimarily due mﬁﬁndunmruingﬁemguidamm?wwldbunwhﬁdby
wze of o self-clagning quartz bell far windes inside the npplicator chamber. Batch
pmﬂmﬁﬂgufmaplcsmasuk‘#uz.ﬁﬂﬂzwalmmssﬁi Thie system is
capable of JHEW

e Uit Deesigm apd follorw-en EaEks

ORNL provided Wgh powa wicTowave experties for a paper deaign for Fhase 11
ipdugtrial-scale demsnstration mit. ORML was to frovide publication inpul as oecded
far a serite-um of the project resuhts and slgo pamicipare im & Phase 0L SEIR: propasal as
requested by Micro-Grain. Unforhutely, dus to the ustimely Jenth of the Steva
Halverson, Principal Investipaor and founder of Miceo-Grain, the affart for the Phase I
demonstration bas nat yat besn mdertaksn,

D¥OE benefit from the CRADA

frequency microwsve technology relgvent o fuslon snergy reszarch et well as possibie
futare henefit t the Office of ndnsiial Techmology if s technolugy is apphied to other
applications,

Technical discusabon of e work sccomplvhed
See the attached appandix for additional technicel desails and results of the rescanch
Tuventlons made or regerted
Mioeo-Crain (the originatar of the concept) submitted pn invention dizglosre on the
mmmﬂmﬂﬂap&ﬁﬂ%ﬁ:hﬂcﬂh%ﬁhﬁﬂm ORNL was clied as

ro-inventr aF portiona of the technology bused on eurliet conmribations. An OBNL
invention disclosure form was compleicd fior dhe recied.
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Assessment for Commarclatization

The crncept ars 10 bo commercially viable based on the flowing graln treaanent
recults aﬂﬂmmetﬂaqmybatnh tests, Apihr_ulu_ﬁ.mdywﬂllﬂmlylmdm
oamumercial uscess if sultebls finzncial auppert can be obtained. The death of Steve
Halverson, foundér of Mices-Grain has reads continuing the project a5 origmally
manaped quie difficet,

Mans for faere collaboradion

Micro-Grsin's nevw staff continge to wock an forthering the project at a low livel and
would like OFML to assist in firther &ffata,

CrousTusions

The CRADA has provan quite guscassfil ts date and very baneficial to all perties
involved. Ommmmwﬂaﬂyum:&cﬂiﬁcsmﬂahhmalmsfuw
wark, Luﬁﬂyiﬂﬂwrﬂesufwuﬂiﬁg’mcmhewmﬁi‘mqwmftt
grain applicxter desalopad, htuhniuldmﬂufmimuﬁm;mﬂmmm
10 dast acommulstion an be solved by the addition of 2 self cleaning quarz window
protruding imte the grain Qo path. Mngwsjusﬁﬁaﬂﬂqampihtplml
mn&hﬁmuhpmﬂmuommmﬁmmmmwam
BloTigs COMPARY. Venture capital and funding grain sirage lndusrial paroey would be
the most likely suppodters.

Dietails on Werk Aceomplished

Some phatos of herdwre developed and tests in progrmss are dhawn balow,
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‘L-mkiug'upu gxain diffegey mside microwaye ok fom bebow
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ST, 5=

Gyrotron microwave tbe
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View of grain hopper, waveguide from gyrotrot and microweve sxposure tank
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Bill Halverson adding 4 graim sample in

San Forrester {(FED) inserting o bateh saaple in the 2.45 Oz batch applicator



JUH, 2. 20 1855460 UT BATELLE-1113 UMION YL EY MO.491 F.11-13

Enmmary of infested graim exposure tetls

Table | below summuizes tha wanlts of the insect moctdity triala with the
frosr, 72001 tosts, at ORNL, Desgite the many problems cncountered, the i
Look quiss good when waveguids weing did not aceur. Do 1o the problema with the 26

&hmmuusniﬁﬂp@wuﬂ.ﬁﬁmwmahowﬁmedwﬁh ¢ remaining
samples, These tests were alse saprisingty good.

The roost sucsessful 38 (FHz traatments, were buckets 1, 2, and & waaied at 2 KW, which
was actmally il:e dose at the low ud o the propossd «ffactive power range
Do smviving wsects fam fheze three Treatmeals. Faor the pontrale it is i

hnwmnhshnplybmgi:ﬂmgmin{hucmmmdlﬂaﬁ:ctﬂdmm Tvow the
additineal drapping through the applicatar with Lo micnowas affizcted
more The jar-1 and jaz-2 data given show {enbarassingly) that we at DSU
mmﬂe&tmﬂng]ﬁuminmmejm,hnﬂﬂa]wshwm igh ymrvival
if pot put into whesi buckets,

The data from the 248 GHz statie trials in the kiln chamber clsn Lock quite ising &
indicated in tble 2 below, Application of the 2,45 GHz to the flow trough gppk 3
deliver thet power to & 1gec. dwell tane of omne bushe] wenld be an g test
bowevee uniiommity might ner be oplimmr at nch 4 low fraquescy. This be solvad

oeing 4 larger chamber.

Tabke 1. The affnats of misemnave mdistion ot 280H2 on 150 larvee of the ed fowr
beatle im 5-gallan lot of whest treated in a flow-through system at Qak Ridge Nutional
Lah., Juby 20 and 21, 2001.

[ Bucket Trawment Description o pf Barvivors

Humber

Jar 1 Conael, Iacvas i amall jar of flour remaining ar OSLT | 157

Jax 2 Conirol, larvae in sall jer of four, in luggag=vatrp | L47

18 Conmwal, m bedéat, bemain m leb. at 050 mo fow) 11&

1 Caonirol, in bucked, remain 1o lab, at GSU (no flow) 03

3 Control, droppad throigh applicatar wAh oo 3
trdetowaves

5 dropped through epplicator with &0 Ti
TUETOEIWNE

10 Contol, dropped through applicator with po &3
MICTOWAYEE

1 20 W, T1=046, T2=45°C 0

2 200w, Tl T2=45 0
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3 70 KW, TL=2h, T2=45 0
T 26 kKW, T1=23, 1235, brief arc ¢t start of treatment | 3
4 70 KW MIEmpL; T ancing, Tim26, T2=48 46
3 26 XW ailcmpt major arcing, T1=26, T2=48 18
9 26 KW atterspt: waior seing, T1=26, T2=41 45

Tablo 2. The effects of microwave exposurs from a klysron st 2,45 GHz on 150 1arvae
of the 1od flour boctls in S-gallon buckets of wheat teated in 1 ractangular chamber {for
woad drying) 2t Osk Ridge National Lab., july 21, 2001,

Bucknt Treatment Dhseription Ne, of Survivors
Hymber B

14 Control. i bucket ar ORNL 121

15 Conttol, sty in bucket a1 QRNL 121

11 3 KW, 4 min L5 see, Tim0S, T2=60-£5 i

12 340 kW, | min 28 see, T1=25, TFM-12 2

13 30 kW, | noin 28 aec, T1=24, TE=50-72 0
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