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1 ARTICLE PROCESSING SYSTEM AND METHOD Field of Invention
The present invention generally relates to processing of articles. In
particular, the 5 present invention relates to processing articles using a
combination of ozone, heating and cooling. Background Timber and
wood products are articles that are susceptible to infestation problems, 10
for example, infestation by insects and other pests. These problems
become more severe when the articles are kept in enclosures over an
extended period\6¥Tikiaé FoP RECAeSON{Eab ¥ SdtdoAND Adiditibie)hany
countries have also put in place quarantine regulations to protect their
native forests from the introduction of wood pests. The International Plant
FrlsteftloneDtinvention (IPPC) Secretariat, part of the 15 Food and

. . o : i ) di _
B e S e, e
prespithiimg Wioodelsdaskisgntiecasaitegialtial bstusingtioGantbithtion wienaye, heating
a bR cessing methods are available for processing these articles prior
20 to storage or transportation. The main objectives of these processing
methods are to prevent insect infestation and growth and to remove or
Brg&lbq&m%/th of algae and fungi in these articles. Processing methods
0

approved by IPPC for such use are methyl bromide (MB) fumigation and
Th@@?fré_a(ﬂn\_i@ﬁchﬁfm JHS\ES f@rﬁlﬁ@@tiﬁﬁ'ﬁv@é% w@wy 10 Wigeteiwaraems,
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However, as some of these articles are subsequently used for containing
seyarmdporing) Foisdercateskent imenipPBIEmRIE R extanderdrekiassef time for
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MB Tumigation only lasts a few weeks and’does not prevent re 3

qweeétﬁﬂ@ﬁeﬁylmgﬁ@té,_o st Gh@iéﬁ@ﬂuﬁefﬁéeﬂﬁ%i@mﬁb%glﬁm&%@n O_f wood
PEQESPREG LM ARSHAIMEAR ORI id A TbARHAbS ) FoI PXkRRASH8 UaHOSS the

during which re-
Food and Agriculture Organization (FAO) of the United Nations, issued ISPM 15
(International Standards for Phytosanitary Measures) guidelines for regulating wood

packaging material in international trade.

Currently, many processing methods are available for processing these articles prior
to storage or transportation. The main objectives of these processing methods are to
prevent insect infestation and growth and to remove or retard growth of algae and
fungi in these articles. Processing methods approved by IPPC for such use are

methyl bromide (MB) fumigation and heat treatment (HT).

MB fumigation was previously in wide spread use for fumigating articles such as
timber, package materials and pallets. However, as some of these articles are
subsequently used for containing or transporting food items and methyl bromide that
settles on these articles are toxic, this processing method is generally unsafe.
Additionally, MB fumigation only lasts a few weeks and does not prevent re-
infestation by insects. This is undesirable as these articles may be transported in
containers over air, land and/or sea for extended durations during which re-

infestation will definitely occur.
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infestation will definitely occur. 2 In accordance with the HT processing
method, the articles are heated in accordance with a specific
time-temperature schedule to achieve a minimum article core
temperature of 56C for at least 30 minutes. Kiln drying is one example of a
HT processing method. In kiln drying, she articles, for example wood
furniture, are 5 subjected to constant high temperatures within an
enclosure with constant airflow out of the enclosure for expelling moisture
Ifrepcatdsiectcivn e THIE proctesirgantibnd]dhelatioleparahspientdtaecitdance
0 drying..simitar f igation,..although. igh, ..
A o e e S AP ook Tl amice core
teropey aiote dVEGTIG Janfasteard B onnutssuricidn toyieie onerexafure af a HT
pREEIRG SIS PIRGGRS AR Rl HRCRIKCTAINAIRRT. SURRIARe, are
pest fre€ during transportation or prolonged storage. Summary he
spbésaier eneposfanthiobftenepsratiae i diiolas eddhesieie Wib\easstanteitéew out

oftHePerBRIARE FF B%%ﬂijg;ﬂwé‘ﬁﬁﬁstm%@ EABTNDRLIORRE QFREES are then

heating and cooling rdance wi Irst aspect of the invention,
loaded rntistRRSEArtateocHtingInsgsyéne. cSmpilaiing e enelobUvd fumigation,
- itioni S ; tar. I :
e oo, S B, he
agifdRssiir80gRsBol BsyEREatifasiatine etalecttrBdprocessing space
through the opening. The temperature conditioning system conditions
temperature within the processing space for one of heating and cooling

Tibrs atife T offseantidlecdisiop seifemIv e prerssiangsprisesT il dgesmiier them
SGBASHALTR 86 HECBRFARRLERNS AR U apASEerasRsging space for

exposing the at least oné article disposed in the processing space to

ozone. Lastly, by substantially exposing the at least one article in the
ngjrm%ﬁ'}ng space to ozone and one of heating and cooling the at least

one article in the processing space over a predetermined duration

TéenRiiesenbiprRoliaanded Bte invention disclosed herein provides a system and a
method for processing articles using a combination of ozone, heating and cooling.

In accordance with a first aspect of the invention, there is disclosed a processing
system comprising an enclosure, a temperature conditioning system and an ozonator.
The enclosure defines a processing space and an opening to the processing space.
The enclosure also disposes at least one article in the processing space through the
opening. The temperature conditioning system conditions temperature within the
processing space for one of heating and cooling the at least one article disposed in
the processing space. The ozonator generates and discharges ozone (Os) into the
processing space for exposing the at least one article disposed in the processing
space to ozone. Lastly, by substantially exposing the at least one article in the
processing space to ozone and one of heating and cooling the at least one article in
the processing space over a predetermined duration substantially at least one of
repels pest from, eradicate pest from and disinfect the at least one article disposed in

the processing space.

In accordance with a second aspect of the invention, there is disclosed a processing

method comprising providing an enclosure, a temperature conditioning system and
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repels pest from, eradicate pest from and disinfect the at least one article
disposed in 30 the processing space. In accordance with a second aspect
of the invention, there is disclosed a processing method comprising
providing an enclosure, a temperature conditioning system and 3 an
ozonator. The enclosure defines a progessing space and an opening to
the processing space. The enclosure also disposes at least one article in
the processing space through the opening. The temperature control
apysesmatwndifibasermiaseratdedingstiinorioegssuige spiang specarfopeanngf to the
p%&%%@@ﬁaﬁ&o“ﬂ%t&ﬁ’c?&sl‘?@%%‘gigx%&é‘%‘ 2t {LResRd }z’f‘tg?s H{‘?ﬁﬁ(??g&ssing
space. The ozonator generates and discharges ozone (03) into t
sproedkksinghsiieceptivkgkpddiadernpesatigastantes bsiislendispulitidns raperature

vﬂfﬁﬁ?ﬁ%ﬁ?cf#ﬁgg]é"s%@@?or‘-&%%f%étfﬁitmi%‘é% g et dﬁé""%trticle

c_)ne artlg: r(_)cessmg space to ozone and one™o _eatlng an
disnoisag théhatiexsssing spagele Thewegnaoe geirrjaipmardalisgharges ozone (Os)

imiﬁée E‘é‘s@ﬁgréﬂé’& 3‘}53?#%3%'{‘%@ Zth'@aa'it EAPHO" ARREES BSSHLEAMN the

eradicate pest from-and ect east one article disposed in the

PpPecissintpapalie OBIE! DesthiphyrsOSEnEaliasnpgs Erodineeptoes eitcle
iﬁnwm&r&r@%ggé@%h&fm% Wi 6?fﬁé§ﬁ‘ﬁ§ Rdhotm 180%d% one

which: FIG. 1 Is a system representation of a processing system
agléelerinnigad Erressine P 0\ thePiitdeteiiBAeED duationssidiiantifitit at least

oﬂéoﬁﬁﬁﬁé‘i’é"’g@ﬁ‘gﬁ%%,Oér%oqéﬁ&eﬁéé'?qmt%ﬂﬂ ‘?ﬂ&iHT&?t"lﬂe”b? |Q£9f8ﬁ§"&9ticle

system of FIG. 1; FIG. 3 shows a second process flow diagram of a
disRRssddim g miiprsgsios sHRSthg the processing system of FIG. 1; and 25
FIG. 4 shows a third process flow diagram of a processing method for

utilising the processing system of FIG. 1.
Brief Description Of The Drawings

Embodiments of the invention are disclosed hereinafter with reference to the

drawings, in which:

FIG. 1 is a system representation of a processing system according to an embodiment

of the invention;

FIG. 2 shows a first process flow diagram of a processing method for utilising the

processing system of FIG.1;

FIG. 3 shows a second process flow diagram of a processing method for utilising the
processing system of FIG.1; and

FIG. 4 shows a third process flow diagram of a processing method for utilising the

processing system of FIG.1.

Detailed Description
A system and a method for processing articles using a combination of ozone, heating

and cooling are described hereinafter for addressing the foregoing problems.
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Detailed Description 30 A system and a method for processing articles

using a combination of ozone, heating and cooling are described

hereinafter for addressing the foregoing problems. 4 For purposes of

brevity and clarity, the description of the invention is limited hereinafter for
treating articles using a combination ofjozone, heating and cooling. This

however does not preclude various embodiments of the invention from

other implementations, uses and applications. The fundamental
Fopepartimsas aofd favitiorratsqbaniipiplee afestsiphoboafntbeatsnweationniettiotied

- 0, var [ s .Qf |-

L D o
Tihis deavevRysdoaswiitpltcdudre nasitissaepratibentsdolithelikey estisie ftemigher
O T AL I I s o dhefer S aolgfand ictona
painciplee sifrahe2embndinesne dnthez Bveriore rertia teppeestursoughout the

Vﬁﬂgggyﬂmﬂgﬁ@ 27. The enclosure 22 defines a 15 processing space
28 and an opening 30 to the processing space 28. The processing space

28 is used for disposing articles 32 for processing by ozone, heating and

@ﬁg&é&gﬁ@*ﬂ&mﬁ@wsn -84%@&&??&&%%%@4#5?@%&5%9@%rlﬂes. 1

or carriage and transportation by air or sea o ansport.
toifeafathveeIgranenasndibsubich 2likea elemeiie steubtirdeiedswitbtdikeraaference
niigxiplg panels, for example 20 fabric panels or plastic panels. The
tent-like structure enables the enclosure 22 to be collapsible for
facilitating portability of the tent-like structure. Further alternatively, the

AEIRSRRATBF TR W&ﬁﬁd’hf%%%%@éé%ﬁ%s@h%&“ib%%s&i%%ﬁﬂr Rference

warehouse or a silo. 25 The barrier 24 iS preferably coupled to the

termdfosidre Dherdraeasstam AL CoYB rANITESes pen AGlQeLET thé arpdelr@4, an
02867 S5 dRERRIHRT L RATIHIRIGPRBR! 597 GOLEININROPL M fhes a

30 of the enclosure 22. Alternatively, the barrier 24 is a door _
processing space 28 and an opening 30 to the processing space 28. The processing

space 28 is used for disposing articles 32 for processing by ozone, heating and
cooling. The enclosure 22 is preferably a steel shipping container being shaped for
carriage and transportation by air or sea or land transport. Alternatively, the
enclosure 22 is a tent-like structure constructed from flexible panels, for example
fabric panels or plastic panels. The tent-like structure enables the enclosure 22 to be
collapsible for facilitating portability of the tent-like structure. Further alternatively,
the enclosure 22 forms part of a fixed structure, for example, a building, a warehouse

or a silo.

The barrier 24 is preferably coupled to the enclosure 22 for substantially covering the
opening 30 of the enclosure 22. Preferably, the barrier 24 is a flexible panel for
covering the opening 30 of the enclosure 22. Alternatively, the barrier 24 is a door
pivotably or slidably coupled to the enclosure 22 and operable for covering the

opening 30.

The ozonator 26 is preferably structurally integrated with the enclosure 22.
Alternatively, the ozonator 26 is formed integral with the barrier 24 or is coupled to

the barrier 24 for generating and discharging ozone into the processing space 28.
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pivotably or slidably coupled to the enclosure 22 and operable for covering
the opening 30. 30 The ozonator 26 is preferably structurally integrated
with the enclosure 22. Alternatively, the ozonator 26 is formed integral
with the barrier 24 or is coupled to the barrier 24 for generating and
discharging ozone into the processing$pace 28. 5 The ozonator 26
generates ozone (03) preferably by corona discharge. However, this does
not preclude the ozonator 26 from generating ozone by ultraviolet
Tiea dzatiatgreRécgengsites raaieram@®ge peatatily Y ceitablditebasperationeyer,
recessj t r pri afirs .
e oA 28 it
ifiestidinitrelentralvei finstpdasmadeneiatinnls the amount of ozone generated
by the ozonator 26. The first sensor is preferably disposed within the
processing space 28 for detecting and for providing as data input to the
Tiirstreineraher anerrsias off 1the ZerenatothaGrdke sipepsiiagesggemhdirirther

cggrﬁzges%”fi?ﬁ @n‘??&'l‘f%}pgfo? é?d"\ﬁﬁg AERY AHISESOPBING A P%HBWF? coupled

at are deployed In the processing space 28 In order to erisure

terie disheorioEbrhlye distiraeidoled comiouls the preeishgaqneceengated by
tﬁé‘ﬂ%&(ﬂ?ﬁ?'ﬁﬂe‘lﬁ%‘@s@ﬁ%}% ﬁ%@ﬁﬁl%ﬁ%ﬂﬁﬁ%ﬂtmﬁﬁﬁ’ﬂ%fﬁ?&e@%ﬁwﬂr ace

sensor a s the first controller to deter control the amount ©

%zﬁm&g@ﬁ&meadontnéidimn@ﬁdiamsibagbtp@heﬁéramﬁm_@mg tifem@v_el of
oRR 1 Ae W6 RIACESENT RRFS: 2RsOIH RRAY GHYRL SEIROF Kray

preferably connected to a computer (not shown) in order for data collation

Wi Gnisiteti MEABDIerapRself AR GHRIGEMME &y SidiA RIOPRSTEIINPaGMEB in
REABBNUFORRDALEGs G RAHGHESird Y AHR SHOGERR BbERRRT ZBace 28

The temperature conditioning system 27 preferably contains either

dyeanY @lessiagteloteefitielesidd cdhddlrteinmits eopived Jetvily Fesitrsgsor
aflbRRQHESitREcBRDRE I8 -deRVVRYR  at i BRECE BRINRIRIESR SRR GERERRBY by

uses heat for processing the articles 32. The articles 32 are preferably
the ozonator 26 based on measurements of the level of ozone in the processing space

28. Additionally, the first sensor is preferably connected to a computer (not shown)

in order for data collation to be performed.

The temperature conditioning system 27 performs either heating or cooling of the
articles 32 within the processing space 28. The temperature conditioning system 27
preferably contains either heating elements or refrigeration condenser units for
respectively heating or cooling the articles 32. However, the processing system 20
preferably uses heat for processing the articles 32. The articles 32 are preferably
heated by using of at least one of dry heat, steam, thermal radiation and hot water.
The processing system 20 then preferably uses a HT processing method such as kiln
drying for heating the articles 32. Further, the temperature conditioning system 27 is
also preferably structurally integrated with the enclosure 22. Alternatively, the
temperature conditioning system 27 is formed integral with the barrier 24 or is
coupled to the barrier 24 for controlling the temperature within the processing space
28.
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heated by using of at least one of dry heat, steam, thermal radiation and
hot water. 25 The processing system 20 then preferably uses a HT
processing method such as kiln drying for heating the articles 32. Further,
the temperature conditioning system 27 is also preferably structurally
integrated with the enclosure 22. Altergatively, the temperature
conditioning system 27 is formed integral with the barrier 24 or is coupled
to the barrier 24 for controlling the temperature within the processing
Adraoetiad 28t theAlteeastinelsydfeme’Prarsssxinhngyfae m@easbwstbealitig e 82,

the ﬁﬂg% &FE‘%@{&"HS& § ﬁ}@rﬁ%ﬁﬁéﬁtﬂ 3{ gézr}%f@ﬁ%ﬁbﬁ?&%&lm

preferably uses re rigeration for cooling t e arti e temperature
thwaditlesidg system 27 is preferably controlled through the use of a

second controller (not shown) and a second sensor (not shown) coupled

to the processing system 20. The second sensor is coupled to the second
TaerigmiRer atnredoictitioeiseg sysieochtis e tasably| sankokied jerewghetheituia of a

S 0 r

S%?rﬁq}%ﬁﬁgg{es@ﬁg spac-é 28 og 1%(1 ete ?t?rﬁé;ﬁerﬁ@é%rglﬁ% BBEE an%g the
PiRsEsinaNtY sie8bRE- cohforesand sensperatapeplerhia the @e@w&,m@froller in

vﬁﬂ@ﬁ‘?h%%ewﬁ%%%%‘ﬁée&&ﬂ d@%qgfﬁ&weg@{ﬁ fhittR P rBeEYin p@'@l&ke 28.

consists of multiple sensors that are n the processing space 28

Tihe orerantb seness tismpefarehlty at sprseshtpiaiis dhen@inessesingPapaces for
e A g"SncH’ffb‘F DQAGtae aabicFR o i detBoRYirGRiYaHd r@%d?ﬁture

second sensor then 15 allows the second controller to determine and
MBH&@DQMQ@@&%@%&@#@GV%Nthée‘m@@ég@mg %d@%f%%@w%%nsm array

wfnﬁﬁ%ﬁglstﬁrﬂp%amp%%&'i%.l%r%q%a@@eiﬂa%d% tABHeERINy Yace 28 in

second sensor is preterably connected to the’computer |n order for data
oEdtfatiorsedBetpareihiE. sodifierentideg B 2fidhse piesessvadspase 28 during

p%@é@éﬁ% PHAPRFIAESESIZmanAaNARG ‘RIcHRROREI ANSIRHRFSERBP then

space The articles 32 are, for example, timber, wooden furniture or

afBMﬁpWﬁiﬁ%@@”d’f@'ﬁf@Uéééﬁ]@@?%ﬁ?m%?@féFQio‘i‘?ﬁ)r‘i@@ﬁQiﬁture within the

processing space 28 based on measured temperature of the processing space 28.
Additionally, the second sensor is preferably connected to the computer in order for

data collation to be performed.

The articles 32 to be processed are preferably of appropriate size and shape for
disposing in the processing space 28. The articles 32 are, for example, timber,
wooden furniture or food products. The processing system 20 further comprises an
air mover 34 coupled to the enclosure 22 for circulating ozone discharged into the
processing space 28. The air mover 34 is preferably an air blower or a fan.

Alternatively, the air mover 34 is formed integral with the ozonator 26.

When kept in an enclosed space over a period of time during transportation, the
articles 32 are exposed to further infestation by insects and other bio-forms. By
circulating ozone within the processing space 28 and heating or cooling the articles
32 in the processing space 28 over a predetermined duration, insects and other bio-
forms are eradicated from the articles 32. Further re-infestation of the articles 32 by
insects and other bio-forms is also substantially prevented. In addition, exposing the

articles 32 to ozone in the processing space 28 also substantially disinfects the
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air mover 34 coupled to the enclosure 22 for circulating ozone discharged
into the processing space 28. The air mover 34 is preferably an air blower
or a fan. 25 Alternatively, the air mover 34 is formed integral with the
ozonator 26. When kept in an enclosed space over a period of time during
transportation, the articles 32 are expgsed to further infestation by insects
and other bio-forms. By circulating ozone within the processing space 28
and heating or cooling the articles 30 32 in the processing space 28 over
agipresidernalimeldrdsi ginoih) visalgas and Btheuoo-tierarticles g2adibatadicles 32
o ) b tai : :
o e e e T e
thatictsdes B2oio bersehistantabhnexpeiag kpaceng 8ndsuhentsstaactemto heating or
Cgaiﬂégcts the 7 articles 32 and retards growth of algae and fungus on the
articles 32. The articles 32 are preferably placed on pallets 36 when
placed in the processing space 28 to enable the articles 32 to be

ol ; . _ :
B e Gy A T he
PriceasatGEnacenes prioriethridr dpae PRcesrnOthRAGH 28 1hdippbsedsingugh the
afPRRE 48 ISPLTRIA0GS tHyQH%t%QlOaérlsfH af’)?eﬁﬁ%&%é?ghﬁ H?ﬁef"ﬁigl-tl%rrr%%that
also enables Insects and other bio-forms that have been repelled from the
havgdhesBEReiteshteothahaipcticles BARped ) the il tites treprRYl Iprdheralsifilter
e enclosure 22 further comprises vents (not shown) for facilitating
exhaust of air and escape of insects carried in the air out of the
processing space 28. The vents are preferably conduit-coupled to an

PRfaRAI oRtIGA RisBYSIOM Wﬂﬁé‘r%ﬁﬁﬁ}%éé %éﬂﬁé”ﬁﬁf ShB¥RF FofOr&eilitating
predefined location away from the enclosure 22. The ozonator 26, the
SIS IRItAr AOHRAGRIIAING BpSrnrarTiehindliendbventa, fenfipsesstseoner, 28.
The vesensteqnbrighipnebHRRIEIINEGF ARG PERFRIRP VORI G ¥y em (not
solar powered by a mobile power source, for example, a portable battery
shew4y) dprdelivery of insects to a predefined location away from the enclosure 22.

The ozonator 26, the temperature conditioning system 27, the air mover 34, the first
controller, the second controller and the air filter 40 are preferably electrically or
solar powered by a mobile power source, for example, a portable battery array or a
generator set (all not shown). This further facilitates transportability of the
processing system 20 between locations and facilitates carriage of the processing
system 20 by sea, air or land transport vehicles. Alternatively, the ozonator 26, the
temperature conditioning system 27, the air mover 34, the first controller, the second
controller and the air filter 40 are coupled to a manifold (not shown), for example an
electrical socket cluster, coupled to the enclosure 22 which in turn, is coupled to an

external electrical power source.

The processing system 20 is configurable for performing either a first processing
method 200, a second processing method 300 or a third processing method 400 for
processing the articles 32. With reference to the first processing method 200 as
shown in FIG. 2, the articles 32 are placed within the processing space 28 via the
opening 30 in a step 202. The opening 30 is then covered using the barrier 24 in a

step 204. In a step 206, the ozonator 26 generates and discharges ozone into the
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20 generator set (all not shown). This further facilitates transportability of

the processing system 20 between locations and facilitates carriage of

the processing system 20 by sea, air or land transport vehicles.

Alternatively, the ozonator 26, the temperature conditioning system 27,

the air mover 34, the first controller, thg second controller and the air filter

40 are coupled to a manifold (not shown), for example an 25 electrical

socket cluster, coupled to the enclosure 22 which in turn, is coupled to an

peceessiabetpantcaBpowbe sarnse IITHieeppoeeassing spsten2@0dsmaintained at a
i far performing either a fikst precessi 200 a ¢ -

T o g e e Wi Tl he

ppvoessHINgraRe a?ficles 30 preiteieatined caurating firstarsepsaitty methio the

p?éb%t%ﬁﬁ‘ﬁ%’qﬂfhﬁ (I)ﬁ’ ﬁr W@%ﬂﬁt{ﬁggrﬁ?o%ge %@?giwum{‘ég@tﬁﬁﬂ%ﬁ%emly

space 28 via the opening 30 in a step e opening 30 is then
ceutnies theingontetheigiier 24 in a step 204. In a step 206, the ozonator 26
generates and discharges ozone into the 8 processing space 28. The
ozone in the processing space 28 is maintained at a predetermined level
Pogfenabiitsthso eI ustEhdiriensessmarderastiqles PRuduripenthessiiegetpranieed

in iQn.in: a: st ing t 2i
e e o e e ot he
abinelegenehes w2ot theirbinic Preserhilyhehaiozdaeaesting A netdueigmoval
s?%?eﬁlr T('ﬁ!ﬁ%r%ﬂw'"f%*b%?{é’—%efﬁéﬁ‘ﬂé‘-%%ﬁ%@H%tbstﬁ%ﬁ}’r%'@élé?ﬂgf 5GP for
he air'in the enclosure 22. During recycling of the air in the enclosure 22,
PROGRSELRE BresehtlRs the alhis rnMIoedheoaoRRIStte AE MRS rEoySledearithout

rd0At3R0YRY: MBROFONRISHASHSEaSHRY!3kaLINe f@Pﬂ?H&%@ﬁﬁE‘%é%@ﬁ@lé’@&

for processing the articles 32. This enables the ozone in the air to be
RresirieteoyieHodt the-aFanrilRig mibifenneasastng phecatislng 3patsd 2eris to
RRESRSRI O attIalRsh IR o FoHENRRHESELRG) ﬁp%;%%”z% Iy the B dReially high
processing the articles 32 also serves to maintain the concentration of

|y2d rieNirEad Gibte S8 dnspelsel 2dNat ardeips aAtiafriapnalyeteg RjF filter 40
FEHATICRIBERMANPRF EHEbINE IASHELS thath ARAHRAGY 115 ate WiaE”032.

After being exposed to ozone for the pre-determined duration, the articles 32 are
subjected to either heating or cooling to further eradicate any remaining insects left
in the articles 32. In a step 210, the temperature conditioning system 27 heats or
cools the articles 32 in the processing space 28. The temperature in the processing
space 28 is maintained at a predetermined level by the second controller. Heating or
cooling is performed for a pre-determined duration in order to allow the articles 32 to
be substantially processed. The air mover 34 may optionally be used to enable the
articles 32 to be more uniformly heated or cooled when heating or cooling is
performed. After the predetermined duration, the opening 30 is uncovered and the
articles 32 are removed from the processing space 28 in a step 212. Optionally,
before the articles 32 are removed from the processing space 28, the ozone in the
processing space 28 is broken down into oxygen by an ozone processing system (not

shown) before being released into the atmosphere.

Alternatively, as shown in FIG. 3, the processing system 20 performs the second
processing method 300 for processing the articles 32. The steps 202 and 204 for the
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further functions to trap airborne insects that have emerged from the

articles 32. After being exposed to ozone for the pre-determined duration,

the articles 32 are subjected to either heating or cooling to further

eradicate any remaining insects left 20 in the articles 32. In a step 210, the

temperature conditioning system 27 heats or cools the articles 32 in the

processing space 28. The temperature in the processing space 28 is

maintained at a predetermined level by the second controller. Heating or
secwlthgricessifiermethddr 30O aredkiretarite thelditstiprosessidg methiidwahef FIG.

arti lally praces [ r optio
e e Er e e S Beeraid R e e 2t
peogsiesing ieethasbdvE is thadhegésope mcopesting\frsthnd poedésirheatedr cools

' ' I V. icles. 32 r

e e 8 e e g e
sBR 204 rehndempaidniaitesidoassingy space Xixkalsebeorle thetagicles 32 in the
e beiore Lo e A e S i
nRteigiagy alya psedhninedie/ed binthprssesdingniisliem Peamgorreoting is

p%ﬂ%%gg WW?;?@@%%W%@%F%&{ 9ResRiBe HeAiciRs ﬁﬁﬁ TRGSIERS the

202 and 204 for the 9 second processing method 300 are similar to the
afiistasrdéessing method 200 of FIG. 2. The difference between the first
processing method 200 and the second processing method 300 is that
the second processing method 300 first heats or cools the articles 32

Nsefoteemier @3RPsipf tHBea PREIRE @220 aensiatcAREH SHSRRTIRY QRENS dhép the
pféstiify I paRe i repRNARigRIng %Mét‘g%c@s}i}?@’ép%&%'sié%é}m&ﬂ%d% a

in the processing space 28 in a step 302. The temperature within the

PrreeiesRIngGhed 2y idhanbiatarnticltes prébetarticie Bl vee gheneeft in the
pREGRSH G APARHC BHRAINGDE LRGHAMAY REFIGISREM fQr &esasterBiieey the

duration in order to eradicate any insects in the articles 32. 10 Next then
PreQetorep TRoudurtioR oA DE dethensles Ehdlais eHAHEE b iproseriently

circulates the ozone therein. Preferably, the ozone used for processing the articles 32
during the predetermined duration is recycled by recycling the air in the enclosure
22. During recycling of the air in the enclosure 22, moisture present in the air is
removed by the moisture-removal system. The ozone is then re-circulated into the
processing space 28 for processing the articles 32. This enables the ozone in the air
to be recycled without re-introducing moisture into the processing space 28 for
processing the articles 32. Further, recycling the ozone in the air for processing the
articles 32 also serves to maintain the concentration of ozone in the processing space
28 at a substantially high level for eradicating any insects in the articles 32. After the
predetermined duration, the opening 30 is uncovered and the articles 32 are removed
from the processing space 28 in the step 212. Optionally, before the articles 32 are
removed from the processing space 28, the ozone in the processing space 28 is
broken down into oxygen by the ozone processing system before being released into

the atmosphere.

Further alternatively, the processing system 20 performs the third processing method
400 for processing the articles 32. The steps 202 and 204 are similar as in the first
processing method 200 of FIG. 2 and the second processing method 300 of FIG. 3.
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processing space 28. The ozone in the processing space 28 is maintained
at a predetermined level by the first controller. The articles 32 are then

left in the processing space 28 for a predetermined duration in a step

306. During the 15 predetermined duration, air within the enclosure 22 is
circulated which consequently circulatgg the ozone therein. Preferably,

the ozone used for processing the articles 32 during the predetermined
duration is recycled by recycling the air in the enclosure 22. During
Inebecthigdafrdnessingh meshed coSutbeoarticlessBZranpréssirLibjentecitoidieating or

: t j -r I e Neyl -Ci d
I AR IO LS A e A R S
Usdeitglels shbeatingedin eneliig, tozonedsytien wetayatertbytrthguoragpator 26 for

egﬁﬁjﬂ@%@&?ﬁ%s‘#@QS?ﬁ'H“&BH%ﬁ‘Ftﬁgfsfférp Eé%?eﬁﬁéﬂqﬁfgesgﬁggﬁ {Ife:gzone is

g recycllng e ozoneint _e alr 1or processing t i _aso
fudhee Sitsutrsedtalnuhe bertepesatignspieszad donainecgetrisysithdiisaiien 2gen

ally high | r8r ' INSects | s
L o 2 Do actnaa 1o ORI Hsin
OZPMElRe3Ngrerrepabivgdi fioHateeushs caeblag apatisessimtine argislea 32 to be
RBtianaly, before the articles 32 are removed from the processing space
28, the ozone in the processing space 28 is broken down into oxygen by

the ozone processing system before being released into the atmosphere.

PROTHAGE R BEDAE R Yo BIOCESRICHRY SRIMROREHABAY e dhftermined
processing method 400 for processing the articles 32. Thé steps 202 and
dzmtlane%rmm;lsuy] HRYFHISE Bioabds rﬁ@emmmsurzé’@pﬂur@gzr %ﬁy@hﬁ@ of the
afCHPIRLPERERRRIRIIPEHOR RO e iA: (HE 4y e HBVREPBSSHB Imoisture-
method 400, the articles 32 are first subjected to heating or cooling within
reRoprbE¥SSNg SPRC62288ni% RS 18I OUIAEH TREOARRIO NG space 28 for

PHOLSERYANSHAG 3D COPHRGLRRRREIR BRMIFNRIEIGH RYHE L7088 Rlithout

26 for exposing the articles 32 to the ozone in the step 402. Then in a

restN adiri RgenaistiEeid ECF Rt BFQSPEIRAcP B YRS IR PIseRsesi i espaicdes $2.
PR PTRASIIDINE SRR OGS for processing the articles 32 also serves to
maintain the concentration of ozone in the processing space 28 at a substantially high
level for eradicating any insects in the articles 32. After the predetermined duration,
the opening 30 is uncovered and the articles 32 are removed from the processing
space 28 in the step 212. Optionally, before the articles 32 are removed from the
processing space 28, the ozone in the processing space 28 is broken down into

oxygen by the ozone processing system before being released into the atmosphere.

The enclosure 22 enables the steps of one of the first processing method 200, the
second processing method 300 and the third processing method 400 to be performed

even during transportation of the enclosure 22 by a vehicle between locations.

In the foregoing manner, a system and a method is described according to one
embodiment of the invention for addressing the foregoing disadvantages of
conventional fumigation methods. Although only one embodiment of the invention
is disclosed, it will be apparent to one skilled in the art in view of this disclosure that
numerous changes and/or modification can be made without departing from the

scope and spirit of the invention.
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heating or cooling of the articles 32 is being performed. The combination
of using ozone, heating or cooling simultaneously enables any insects in
the articles 32 to be eradicated. 10 Preferably, the ozone used for
processing the articles 32 during the predetermined duration is recycled
by recycling the air in the enclosure 22, During recycling of the air in the
enclosure 22, moisture present in the air is removed by the moisture-
removal system. The ozone is then re-circulated into the processing space
(J8ifos processing the articles 32. This enables the ozone in the air to be
recycl ci) i ﬁé -int HZ,H](} noisture into the processing space 28
1for prc%‘: zg{:r?g# %{sﬁg es{:% ) El?}g?er, recycling the ozone in the air for
processing tta8 aridtssrs Xensiefsive atpropedsing rofaeecond antreprngs to the

cradiA i SR AR I B SRR S e Y cte in the
duratiﬁmceﬁﬁnﬂoﬁ_mﬂﬁgt@@li@fmmemgind the articles 32 are removed
from the procesgingeLl) a%ﬁr%@tf&nﬁiﬁﬁeg?ﬂ&ﬂrzfé?pwﬁt@ﬂ% Ol Herature

articles 32 are removed from the processing space 28, the ozone in the
proce¥giniNsivacer 2@ssi ngorasl b ef depgen Bpdeeliogene at least one

proceﬁﬁf&ge%{éé%%i)ﬂ%ﬁeg Q@é}ggﬁ?ﬁg&%jgﬁthe atmosphere. The

enclosure 22 e s of one of th irst processing method 200,
the 25 secortpR3eEskIng Phetsoer 30T afadtHE sEhirdgbRe cezelity (Rethtiio the

400 tq, B PRIFRMIEELL YR Qypmn@aﬂ%&%aréa& °6ﬁ@ea‘?ﬁ8fé’sb‘f$§§@yiﬁ the

vehicle between locations. In the foregoing manner, a system an
methdd S38EriBEEdEcH@dtg to one embodiment of the invention for

addressing the,forggoing disadvgntagesing 3Peonvastienahmigeion, the

methods. Although only one embodiment of the invention is disclosed, it
will bePEYSaFHISE 8asASIaneae RRRe0ar if Viealing ald araliosuietphdeast one

numetpye ChARAeBrBBghrRdicalien Lot AedmRRE b ISRRIAGally at
from the scope and spirit of the invention. 11 Claims 1. A processm?
systereasheistiafigpels pest from, eradicate pest from and disinfect the at least one

article disposed in the processing space.

2. The processing system as in claim 1, further comprising:
an air mover for circulating ozone discharged into the processing

space.

3. The processing system as in claim 2, the air mover being formed integral

with the ozonator.

4. The processing system as in claim 1, the ozonator being integrated with the
enclosure.

5. The processing system as in claim 1, the ozonator being coupled to the
enclosure.

6. The processing system as in claim 1, further comprising:
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an enclosure for defining a processing space and an opening to the
processing space, the enclosure for disposing at least one article in the 5
processing space through the opening; a temperature conditioning system
for conditioning temperature within the processing space for one of

heating and cooling the at least one afjicle disposed in the processing
space; and an ozonator for generating and discharging ozone (03) into the
10 processing space for exposing the at least one article disposed in the
processing spatgntwbeorier wheirebyngu bxtaanialiyieabosiogahat detshsine of

one ag&ﬂj&&%%@%‘ﬁ&?ﬁ ?%ﬂﬁeo‘u%c%?’gb%l e qne grfo'éﬁé’stiiﬁ‘& e by the

cooling the at least one article in the proc€ssing space over a
predet@anited duration substantially at 15 least one of repels pest from,
eradicate pest from and disinfect the at least one article disposed in the
processing space. 2. The processing system as in claim 1, further
TcomprlditgreaessineneyaemorsainctlREMG, drdhes aXBREBYYH into the

processing ﬁ%%ﬁoﬁ’dg@?‘ﬁﬁ?ﬁ?wgﬁm@? 45}:_\'%2@% tdcontroller

mover being formed integra e ozonator rocessing
systertheidaret| finozongei b Zheapseesskingirfiapatdapvacntiod eerrsipkahéns. the

g . AL | _
€ PLOGERRING aﬂsg@@ﬁﬂm&h@p@é&@ﬁggﬁaﬁ@&n QHRIE SRS input.

enclosure. 30 6. T Ing system as in c er comprising:
12 a controller for controlling the amount of ozone at least one of

B?hee”er?i‘?éjppé{cﬂégiﬁ’&%é‘ﬁ‘i 20t Uiy aRd INQdNRPRRARFSEShERAGS bY

9. The processing system as in claim 8, further comprising:

a barrier for substantially impeding escape of ozone discharged.

10.  The processing system as in claim 9, the barrier being one of at least one door
coupled to the container and a panel being couplable to the opening of the

container.

11. The processing system as in claim 8, the container being shaped for transport

by a vehicle.

12.  The processing system as in claim 1, the enclosure being a tent, the tent
comprising a plurality of panels for defining the processing space, at least one
of the plurality of panels being the barrier.

13.  The processing system as in claim 1, wherein ozone is generated by the
ozonator by at least one of corona discharge, ultraviolet irradiation, plasma
generation and electrolysis.

14.  The processing system as in claim 1, the at least one article being at least one

of furniture, timber and food items.
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ozonator. 5 7. The processing system as in claim 6, further comprising: a
sensor for detecting and for providing as data input to the controller the
level of ozone in the processing space, the controller controlling the

amount of ozone discharged into the processing space based on the data
input. 10 8. The processing system as;# claim 1, the enclosure being a
container. 9. The processing system as in claim 8, further comprising: a
barrier for substantially impeding escape of ozone discharged. 15 10. The
1proceddiagpraassngsypieiaias &) thleibniidhbdrmgperailoé aokditioomg dysiem

coupl%(ai ﬁ?e@ﬂﬂéﬁimfhatﬂg &Qﬁﬂﬁ}é?eing couplable to the opening of the

container. he processing system as in claim 8, the container being
shaped for transport 20 by a vehicle. 12. The processing system as in

182im %h@@?ﬁﬁﬁé%@}@%ﬁga‘é fantdhe tf%f?éﬂﬂfé?é@@rﬁﬁée%{gﬂra [I?ig System

panels for processing space, at least one o
paneldeistheptieddnide a8 msuEhe processing system as in claim 1,
wherein ozone is generated by the ozonator by at least one of corona
discharge, ultraviolet irradiation, plasma generation and electrolysis. 30
174. ThEhpryeeesiig systemaadnrelaiami, wiisec it teetaropes aivtieleopeitignang

least %S)&eFHc &Eégiﬁﬂrr?dﬂm%efo?ﬂga e ’é(}ﬁ_eéls'f ohe-aftideProcessing

systeni as in claim 1, the témperature conditioning system being
integrated with the enclosure. 16. The processing system as in claim 1,

11e ternerAlUS RN SiRAING SyRis £ RABYIAGHRG]dRERREHHOR Sheated

17. The processing system as in claim 1, wherein the temperature
conditisiifigt least one of steam, hot water, thermal radiation and dry heat.

19.  The processing system as in claim 1, wherein the temperature conditioning

system uses refrigeration for cooling the at least one article.

20.  The processing system as in claim 1, further comprising:
a controller for controlling the temperature within the processing

space.

21.  The processing system as in claim 20, further comprising:
a sensor for detecting and for providing as data input to the controller
the temperature within the processing space, the controller controlling the

temperature within the processing space based on the data input.

22. A processing method comprising:
providing an enclosure for defining a processing space and an
opening to the processing space, the enclosure for disposing at least one
article in the processing space through the opening;
providing a temperature conditioning system for conditioning
temperature within the processing space for one of heating and cooling the at

least one article disposed in the processing space; and
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system uses kiln drying for heating the at least one article. 10 18. The
processing system as in claim 1, wherein the at least one article is heated
using at least one of steam, hot water, thermal radiation and dry heat. 19.
The processing system as in claim 1, wherein the temperature

conditioning system uses refrigeratiomfpr cooling the at least one article.

15 20. The processing system as in claim 1, further comprising: a

controller for controlling the temperature within the processing space. 20
21. The procpgyiitinsystepaciator detigeneratinghanccaisqhdsiieg azemedérjonto
detectj - Droyvidi [ I ture
poresg L SR e R R e
withinffesessioe spitg Epezenbased on the data input. 25 22. A processing

method ComW@%‘B{}zp%‘H&E}Hi%@e'& s Ahelelinipd R RERECSRIBR i the
space and an operiing to the processing space, the enclosure for

dispogirigessiaasirene taraemenative grocdssmtingpane toainghtliveat least one
Ope”"a&icﬁé%"fH%ﬂo?oE%E%%ﬁ;‘ggﬁsé’& %%P'é'%?éﬁ&eﬁéfﬁﬁga Rfr&ﬁ&?(%lﬂﬁtﬁlﬂtééﬂ/ at

temperature within the pr Ing space for one of heating and cooli
the atleasiqineref sgpele pfisipsee eracheaisroesisknig apthdisiafiset 1ke at least one

providépgcm%thmeqﬁg&rgstiiﬁg ﬁjragedischarging ozone (03) into the
e

processing space for exposing the ast one article disposed in the
processing space to ozone, whereby substantially exposing the at least

23ne arfiele, IR Qi RFERRFRITPARR 52 ARG ANHpRSiAL heating and

cooling the at least'one article in the processing space over a _
predeterminddr el phinen cAMDSt A BENRr Gad |dak: dRfe PraeqseiRgpERAGRORY an air
eradicatg, pest from and disinfect the at least one

24.  The processing method as in claim 23, the air mover being formed integral

with the ozonator.

25.  The processing method as in claim 22, the ozonator being integrated with the

enclosure.

26.  The processing method as in claim 22, the ozonator being coupled to the

enclosure.

27. The processing method as in claim 22, further comprising:
controlling the amount of ozone by a controller at least one of
generated by the ozonator and discharged into the processing space by the

ozonator.

28.  The processing method as in claim 27, further comprising:
detecting and providing as data input by a sensor to the controller the
level of ozone in the processing space, the controller controlling the amount

of ozone discharged into the processing space based on the data input.

29.  The processing method as in claim 22, the enclosure being a container.
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article disposed in the processing space. 10 23. The processing method
as in claim 22, further comprising: circulating ozone discharged into the
processing space by an air mover. 24. The processing method as in claim
23, the air mover being formed integral 15 with the ozonator. 25. The
processing method as in claim 22, the gzonator being integrated with the
enclosure. 20 26. The processing method as in claim 22, the ozonator
being coupled to the enclosure. 27. The processing method as in claim
392, furthepcasegsignyeiwoateslimglain a6 durtherfeoraprdsinga controller at

| f _ : .
east one o éﬁeﬂeﬁb&ﬁa&e%g)ﬁéPef8F°§l_Hgﬁ5erﬂg%géSSI & 'P?E% € of ozone

processing s he ozonator. 2 g method as in claim
27, fudisehagatprising: detecting and providing as data input by a sensor
to the controller the 30 level of ozone in the processing space, the

controller controlling the amount of ozone discharged into the processing
3dpace espdenssing drathatpa. inglaime orobessantgenbeirg eue infolaileastoone
the e | ' : ' t hni
clim D e PHA e S e ping of
escap@®tHeEr discharged. 5 31. The processing method as in claim

30, the barrier being one of at least one door coupled to the container and

a panel being couplable to the opening of the container. 32. The
3groceddibgPrretssinsnAtiensi na N tiska B n2din e spiairepddingr sheped for

transpeshipon KA Hhicle.

33.  The processing method as in claim 22, the enclosure being a tent, the tent
comprising a plurality of panels for defining the processing space, at least one

of the plurality of panels being the barrier.

34.  The processing method as in claim 22, wherein ozone is generated by the
ozonator by at least one of corona discharge, ultraviolet irradiation, plasma

generation and electrolysis.

35.  The processing method as in claim 22, the at least one article being at least

one of furniture, timber and food items.

36. The processing method as in claim 22, integrating the temperature
conditioning system with the enclosure.

37.  The processing method as in claim 22, coupling the temperature conditioning

system to the enclosure.

38.  The processing method as in claim 22, wherein heating the at least one article

using kiln drying.

39.  The processing method as in claim 22, wherein heating the at least one article

using at least one of steam, hot water, thermal radiation and dry heat.



33. The processing method as in claim 22, the enclosure being a tent, the
tent comprising a plurality of panels for defining the processing space, at
least one of the plurality of panels being the barrier. 15 34. The
processing method as in claim 22, wherein ozone is generated by the
ozonator by at least one of corona disglgarge, ultraviolet irradiation,
plasma generation and electrolysis. 20 35. The processing method as in
claim 22, the at least one article being at least one of furniture, timber and
4pod itEReNracesting preitedsiadgnmiainndZasvireiimoRinntee ehtieastthee article
tempeﬁgprg?eﬁfﬁ%gé@%rﬁ{ng system with the enclosure. 25 37. The
processing method as In claim 22, coupling the temperature conditioning
system to the enclosure. 38. The processing method as in claim 22,
herej I n i 3 I ' ing. 39. The
4\gl'rocee£]|§§ ?r(?%gﬁgnc? a;tillls‘iﬁ{rﬁ1 S(l:q;{j}gn@g%v@%rze i%@%%ﬂgﬁ east one article
5  using at lease@ieobingeds, fenpeiatvrenavitinraidetioroeesdiogy beaae 18y a
40. T%ﬁ)@ﬁ@ﬁsing method as in claim 22, wherein cooling the at least
one article using refrigeration. 41. The processing method as in claim 22,
further comprising: 5 controlling the temperature within the processing
s3Pacey 8 Gontiallah TR PERGRPAT G IRALCH ASH g flaim 41, further
comprising: detectihg and providing as data input by a sensor to the
controller thedetectig paebpipridingiastdatpiopetbing sgnsee teHbeceritlidsr the
10 ConrQURAANG EORGHA R HRIE: "SS5S A SPERRBRECLORBng the

data inpu o _ _
temperature within the processing space based on the data input.



