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WD 2005/ 105253 PCT/ NZ2005/ 000089 DRYI NG PROCESS AND
APPARATUS TECHNI CAL FI ELD This invention relates to a
dryer and a drying process. In particular, though not
sol el this Invention relates to a dryer for use In
W?F‘é’é&‘%ﬁ@ concentrating or drying a |iquid BaHNE2A/0089
5 having solid particles in suspension or a substance
di ssol ved therein. BACKGROUND ART The process of food
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partiglit RipreesestPHbstansgs frem obe FiaerRyA Hl?t"ex") BReBPPEpised processing
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Is undesirable if heat-sensitive materials are being

dried. Also, if the vacuumis lost ina 1 W

2005/ 105253 PCT/ Nz2005/ 000089 conventional batch

freeze-dryer, nelting and glass formati on may occur,
WQ§5/105253s possi bl e that the entire | oad ofP 05000089

may be lost, that is the product nmay not be a useable

qual it product or able to be sold. In addition, the
COHY%H%%éaTﬁh@eQ;ﬁ‘IdUSG meliing ped glass fomnaliors@ayyeqel, and ibis possible that
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the m.h&mhu&& contami nation, reduce liquid feed spillage
which 10 may increase the liquid thraugh woul d |

An @@a@a«?meatgéfamg*'swo{eﬁ%a' 8?'3}?'?\'§atl°ﬁdg§\“%e;)‘qu'Pf'eeg‘ fﬁ’l“aQﬁ gnd which
mayfinerdasestha liquid theouljieput weeld de Gdvanthgedusab tittodrginguirsiostiyotif a liquid
feed .S Wle"t6 b3 f%%geeér?e% \M}.c‘% d&o %E@tn%?!&[é?.lé QHéé%Fsa[rfg.%-u%gf?J.an fuid

or su rodu granu

feed; q?@?flgsﬁt@q?ﬁ or Elﬁ’ﬁ?qlﬁf“cﬂi'leé R@duwgfqnulemwwdm siwtcew problems
withfcoR@atonar btdhfreeey/drififig Mag bE fdconten Nnore recent tines,

In mgﬁe ﬁ%ﬁ‘g@% gnfe &Jgﬁ?éﬂ Fé%i@&‘&’nqd&%@@a@ B¥én Bﬁﬁﬁ? dEMJ 088 to include
variqus $teps ﬁgcitewéeqsws thedihysigap aizeyef sybﬁs@ncaﬁté@@ tqeeteé,eas well as
gradetl %iﬁp%@aturﬁ%omm aurmg thegfeaﬂﬁgjaﬁdajmﬁg" s’ﬁgéé m&m&.r Plprabuiéd mghly
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excl usive or an Inclusive nmeaning. For the purpose of
this specification, and unl,ess 35 otherw se noted,
the term ' conprise' shall ﬁ%ve an | nclusive neaning -
i.e. that it will be taken
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to nean an inclusion of not only the |isted conmponents
it directly references, but also other non-specified
conmponents or el errents. This rati onal e wll also be
n the term 'conprised or'conprisi
W(F%O%g/é(\fgj%r on to one or nore steps in a nmeth g@rmiz%oékﬁ)ﬁ&&)
process. 2 WO 2005/105253 PCT/ NZ2005/ 000059 Furt her
dvant ages o res invention. w
rufiabets St RaYaR=3n e pFeettbaleg liech P ARSI <
ensying descripticaywhich iegivendlyevay of gxamUIGSGIyOSURE OF | NVENTI ON
DISOE6SURETSE iveENTIgN f i rst aspect, the Invention broadly

—cons| Sts of a nethod of dryi or 5 concentratin
Acop{RIRlcin S S Moo el Lot eferasion & Badie  on
conmntmtrrmmmmestahcsshahngasbhd pérticles in swnpswrmrra@ubﬁmce dissolved

then%fneogﬁrpnﬂ @ chanber at a tenperature and pressure
bel ow etr e- point of the liquid substa

|njf€@!q9®°’éﬁ'%ebﬁt %lf%'?ﬁe@%g af"l’ré"’??‘ﬁ‘érPEF°‘§G'E%'[”B'HIP€'“F pf tge liquid
t heubdtadeer to generate a frozen 10 liquid substance

por@%&ﬂ% gn@ﬁt@ﬂ%ﬁb@iﬂbﬂ%@ﬂb@a ,rsﬁb tr%vﬁ?rﬁf?rb?r[tggeﬁ%r&g dfg)zen

porigyid ﬁu%ﬁéan&e parien (“ f@ﬂﬂ"r’)faaé a, f"'sé geppPogassligyid sybstanse portion
col¢rettrdiol,S portion on the surface, wherein the
surf n s t.he collected ELS rtion at a rate
anice e P EEY BortaPes Slayer Sh BRueeS 8 16" ayer “of
colcpexsyiad te cgliestedi IS potion e the spyfacei qui d subst ance" is
USQﬂrelFbﬂ{(ﬂiensuﬁaéb EthvEYsSthé Colfkctol @Baﬂb?%n}/&iﬂacﬂatemljﬁcﬂ béhitoR the
wli ke per constant weig mass in
h'?'g'Fsss?fé'? ayef’ﬂF %ﬁﬁ%&rﬂﬁ %"Irp’f %e I qui d
A “lsluwssrdzstaecefan used dbrelr aul tefers doravsubgfaneenybicke has liguicd fow-iike
proﬂetr‘tf‘esl bﬂluhé SoHREnBNeRhYH&Ys |ﬁ><@mk Rtk THVARAG RIS Bf the liquid

fromthe subst ance,
subst ik, Ap ba tret Py (A HPVE0 BeTEnens Hefe Byt bgtepcs. for sxamele by
evaparatigdiquies from\thé ndistatiee, lleaging csméra\commpnivated liqlidesubstance. Such

Ilquﬁ@ubg%éy%pa?qm&iﬁwgé ﬁan ;%%cle@ o"f‘solﬁglsU&deﬂ@ed @Edié%%Mad in a

as conpound can [ state, .su
soldln, G5 Wl 49 FaIPPRLBRATIEE oy oxsbinE IaH R, S S AETRLip vter or

oil. of conveyi ng achi eves substantially a nonol ayer

Prefewbg/km§§§te Qf cfn'vr%u %&Ie@& srr]JB&aﬁﬁﬁg}‘MOﬁ&lgyeQ ’Ehrcﬁtﬁ%ss; o; FLS portion

sur Pre era e FEL 1 s condensed
t°a%ﬁﬂ'@rt%?'h§a' Pr eferably, the FEL is renoved
Preferably, 'thaIFELdﬂ‘nbﬂimed by ®tantiedzing devieg.ect i ng and/ or

Pre@];a]%m t’ﬂle'r}%L'iJ\%mk\ée%‘ﬂoﬂ\ SighApGe | ncludes spraying to

ned particle size of FLS.
Pr efPf‘?@b’el”tQBl"}Q andfer alemising t%@“@rsuhﬁtﬁrﬁeé"qw%ﬁpfﬁﬂ@ foiaghipye a pre-
dete‘smheagmaebﬁeaem_fsorned by one or nore 30 nozzles.
refe . e ) f
ProfelPh bl oA A fod o, R Wb 4t BEHOIRBE nE B o more
nozges.t he FLS upon said surface. Preferably, the

PrefdRiby| ML hatdByf deRvdylrcet b FaMPEN Ghidasififabg | Rhibdisesubrfantially a
montopa?/er%iglin%gg &7 the AES A "shiy %Lﬁace.

Preferably, the monolayer may be the thickness of a single layer of the pre-determined particle
size of the FLS portion.

Preferably, the predetermined particle size is substantially 500 pm or more.

Preferably, the predetermined particle size is less than substantially 500 pm.

Preferably, the predetermined particle size is less than substantially 200 um.

Preferably, the surface conveys the FLS portion away from the one or more nozzles.
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size of the FLS portion. 35 Preferably, the

predeterm ned particle size |Is substantially 500 m or

nore. Preferably, the predetermi ned particle size is

| ess than substantially 500 pm Preferably, the
woesigszssni ned particle size is | ess than sURESHNE09SA00039

200 m Preferably, the surface conveys the FLS

portion away fromthe one or nore nozzles. 3 WO
Pref2bly ] the SidiiRodAadidds 206 St 00eMpesing thefcoliatedyiayer bEFig portieh to a

X e f

heaﬁr&;C lrﬁégﬁbs tﬁé?@oysgt%tﬁ%ﬁallﬁ NGRS r{@gsthﬁ\ ptio e% geré‘tﬁ)\‘l bt ? ﬁlecond

tion ans tantia
e"aﬁ’cﬁﬁfﬁﬁ 1"1’1'@’ LheiPNGRRTIOR (“§ﬁH p@'@?ﬂ’a')r idi agpodyet. a second
Prefexsblyptha SEL pbrtioniis dosdéasddsycropdsnsing deviceSEL portion™)

ProflyAnp 86 hon B1ahakabbhmddamBEL portion 1o

sing devic Preferably, the
Preferaplyihe PH’°GPPt s eF‘@YﬁG‘\f@ﬂ‘ the epnveving %‘Hﬁ‘?ﬂ)té’ra pregust '@F‘&Yﬂ' glevice.

Prefefa@lyhe grodiict issremoveaMsh the eanibBevia thie vayet pert.sur f ac e by a

Pref?rgﬁ@utéé n{e?nrcrﬁ]\f?h e‘a(??\: gﬁg%ss a&ﬂu?n ﬁ%bb%iﬁ‘:é-t (?Sgllq? g substance having

solidpasticasdibsyspensinn aigtshiriprice digsnivgdthereir.ocess a fl ui di sed

PrefekBfy! B GRbstarceds kblested! fréi hb P G rd18VinG Jollowili & slurry of coffes,
i.cles sion or a substance di ssol ved

I'qu' H!é'%é UH”‘YB”ﬁPéP@?E“b@? the substance is selected from
In asaeondraspast, dhedinvantien broadipodnsigts chars hpparatusior diping eegoncentrating

a|,qhﬂdqu5§a,{&lcgmp,{sq it and/or vegetable juices. In a
seco asp eg ’IQ}? i nventign braadly consi sts of an
P CRRIkeE

apﬁ‘& gregsure epAeing fersendd & 1 quid
subsé¢ anmmre:umqmtlms ipags treoughawtiier thanidiuid substaber ispinjested i@ the
r edpgt %1 @n device, and 15 one or nore injection ports

thrg@g ‘which the |iquid substance is injected to the
chanfplipction suppqecwhich, golleglst & dazapnliquid E‘{'HSPQE"I gortjon ph shenliquid
| i qubstinselbst ance portion of the liquid substance,

V‘h%rrgﬂel?. the BreBE LS Tddfulioh %‘éfri&é hQiﬂtaﬁm%ﬁ{&aa%'eP%@é Fesduffbelow at
chanper at a pressure below at east the . o
t r 1§9ptethp driRie-PoirlRes U 6F theriguid; syustancey b £alse dhe dnjected liquid
c agaistdnbe to stpaatedtkolal ffwéldhqumausstmqmtﬂgn $ERapaitien”) ﬂtdga first
| ”p:q n (" FL ortion") an
%&a?’%fa%d d\?% sgb&é}gékaﬂ&? s@n&ge por Itol on (" F)EL
poF? thghinyuse, sige Elaportion ig é@uwh@dmﬁs IaysF P thg cpliecting surface and
acgohveyal adlayafiod the)Re o mdrbenjélioh @oits RY aStakd @Bikh alléws the

co t 0] [ ection port at
- PRI o eyl S R Y pBflbll o7 L PC Pover of
PrefergblyFthg tgtsr ofi eanveyangre aglieves subsientiallyr afragnelsygr, thickress af LS

pomeﬁtocawmmata@ﬁsaahu@ees substantially a nonol ayer
FLS orti g)n to ccun%I ate on said

profe b HE e i s porliehdenBY a et BT RS S0ncanaed by a
Preferablyl.csaki ik igltemioved fronPsaid eheartblesy, said FEL i s renoved

PrefbraBIp) tﬁ?gr% &Wﬁfectlo%(bo% @Jn%’n@@ a‘d teak{bhe @PRy OF at&ﬁfs@tion nozzle.

Prefeipbiis G, a0 oh 002218 Shbssr R ReITns i ize 80 e ELS PO gemetated
to achievs agra-dai¢rmjined phrticleisize. t he si ze of the FLS portion

Pref&@PIG RS Fdssure reduction device is a gas evacuation pump.

Preferably, the condensing device is a cooled coil ar coils.

Preferably, the condensing device is cooled with a refrigerant.

Preferably, the collection surface includes one, or a combination of, the following conveyors: a
moving endless belt configuration, a tray angled to encourage the frozen liquid substance
portion to slide away from the one or more injection potts, a vibrating tray.

Preferably, the angled tray and/or vibrating tray includes a reduced friction surface.
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to achieve a pre-determ ned particle size. Preferably,
the pressuré reduction device is a gas evacuati on
punp. Preferably, the condensing device is a cool ed
coil or coils. 35 Preferably, the condensing device is
WOoc008/98R5%i t h a refrigerant. Preferably, the PE3INZE0AS/06(989
surface includes one, or a conbination of, the
foll owi ng conveyors: a noving endl ess belt
Preferablfi theiredtcedrfrictian surtage comyiriees nodytﬁmﬂwqetmgmet(ﬂ'éFE)r ozen

Prefér‘aﬂ&“ ﬂesiét%?to??9§ poRfeh tdp@ﬁ‘ shif c%hécq@n SWvde fid 9’};8 E%eatlng

rmrel\@g,$ ggﬂgo aV|b‘hat tray. era
meapﬁgs LIS GPREYRS ARV AREY 18P ONA Bmare M§-ncl udes a
Preferablu,dh@l héating tmeams substhsiially mddbemtﬂiﬁﬁﬁdrﬂ;ﬂ BROAS portion layer upon

saids G r%c%'%@f&ﬂ%@@&% %vapuD fa?éﬂqﬁuﬁ I ?éEL'g E%E@Q&ﬁ&?ﬁﬂ%tdrg&ct

ace CO rses
Prefesably.dpey b?%}'"g Meang 5yee °bF cpmplinaiion of @ﬂ foligwing energy sources: infra-
red |a@ps, Galbgaiamps, ircadescenelapps,aticrowavas /e ahinieheatiNgn Said Surface.

Prefértabli/ Sa Brg c$ ¥$rg%v?i"@é(/{c% % E?ngpfedqg r?}%rgé]vser{gi Erokilgurt] ?I‘Bé’li tﬁg collection

SU”ﬁcﬁduces sublimation of the FLS portion |layer upon 5
Prefér?,blgﬂ, tﬁ@prﬁdﬁbﬁré@v& Qeviteis A 6RPiHg Meéaiindlor s blusking feans.
el ARSI BRSO b o on o
movesihe piidug o8 thersyffacedaieoytietpatr a- red | anps, hal ogen
Preférﬁﬂ?&he brasRRyIAs&RNS ah&ﬁﬂ?@ brd§h(bf fA\bRsh i chQi&B&t&nﬂally contacts

t f
the PRI A renPeist aran AT gnaandih Bbut o e SRt ine optghpon.
Preferably,diod preduct is emayved Via@eharhlger Rutiet porbbl y, t he product

Preférabip Rd cr{iﬁﬂbbﬁ@ hélé afa &@55%% d’fguﬁ'&%ﬂﬁly%wé Pk of1ebs Ushi ng
he scr nmeans ub nt| al |

in & (b Bskept eyoRpP EHag vt o2 B RTeqees Foh DR Soten
comprisingshd $tepsf:oduct of f t he surface to the outI et port.

Pr&t@ﬁnsﬁﬁ'tﬂehqﬁf&%uﬁs‘t%@' ng neans |Is a rotating brush or

fixed ubstantjally contacts the surface
Wi ?W"?%'@eﬁpﬂﬂﬁﬁéﬂ'q‘f' gHhsiRcAlSIHR ivieie aPhase changBuct  of f
t heorseyiigthe AL® intdedming bieimbeoudder a dExultnef er abl y, t he

pr R%jalﬁﬁélgmiesﬁnLé%Egg %ﬂsuﬁ%t%t@llf%@&%ﬁlm‘?&%ﬁ gtlid ey Itollecti{lg the

a pressure o
suﬂ@ﬁ*&ﬁ?a}"&m'%ﬂ/’d-flfmg‘ bbgckgmhesss. In a third aspect, the
Preférabig nite limnidizuosnaticy iscaniied b8 aninital empéeraigreprivc@toniising. a

ot S SHORE AT A 3 e o O3

chamfighst ance (ALS) to initi ate a phase change, conveying
Prefdrhisty, MeSALLSTE ae.ﬁecdwa Y mnpekwrb gradiemdmﬂe a trevild i ughntha dhitg

charpfhF 6 ¥R i1cftbe Rﬁjgr%a.gmh il gﬁ%&sgubﬁ@%mi on and

en° o Su bs S fromthe
Preferakiyviee stemféhlélnab liguid suhétamedam Péﬁ%gt?a?hd'éf ogedusp theélgwd

substan@8Tré ah fiitfal t@i’np&lﬁf' TREto Alldiver (tjé?rfﬂeﬁ&tur& g agom si ng. h ﬁg
conve e nt e, dr c a er

Preferebiy, e b i SR BT s A R e

Prefétaldy, dhieadybdatertnined pluficle sizéisaulsdkniially 500 pmrmgperosd. ur e

chanber

e il Belbofa16) 8 ASRHIADO SO, L

Prefgg!hiy,nmrectﬁhermmed particle size is less than substantially 200 pm.

Preferably, a spray freezer utilises a cold gas to effect a phase change of the liquids in the

atomised liquid substance (ALS).

Preferably, chilling is undertaken with direct or indirect contact with a cold fluid.

Preferably, said cold fluid is air.
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Preferably, the step of chilling a |liquid substance
takes place in a chiller to reduce the liquid 30
substance froman initial tenperature to a |ower
wb‘igﬂiﬁﬁﬁwr e. Preferably, atomising the I|i q“beT/szoosloooow
substance achieves a predeterm ned particle si
Preferably, the predeterm ned particle size Is

500 Preferably, the
Pre?eygoyé? &ng%'dbsawgﬁqmgﬁ) gg e >l ess than substantially
Prefdhﬁblyrsand Pold fleid &séss, thwlwbﬁlarﬂldﬂajt-emtn ned parti cI e sizeis

Profefasy, S8 So Rt BRbePldofn €80l urht BRRLGEARL Y. 2 SPr ay

to eftect ase change
Prefsirakiy, 82if sgrgy Heezeronerptes ‘%\P GPPYER Fqnﬂgh‘r%ﬂ%u bst ance
Prefefdtih), thePALE ie fealDéad, to & Rinmpetange bélow Rsleutéails &mpetaitte.di r ect

PrePerratld)p mer»ﬁ.%tlf S&n}a){ae%tto %épgéa %%ngofsl/ glogZSSPr eferably,

Prefecatinzzid A5F G0D0eyed Presmatically o a seaprglosol d fluid is

eﬁﬁwwaséﬂdr@tor@&gés éoﬁ&gepaFémefﬁ@éml y, said cold fluid
Preferably, said

Prelefaety 3o aStpa SgPh uBiorad Bimeer cur rent
Pretesatily, theraas separatediin dfecgagisplid segqaﬁpnggylag/ismtgrggd;and/or refrigerated
forggz,qpm{eq,ﬁ.mngs@pco current configurati on 5 Pr ef erably,

b s reduced & a tlergegeatrure(re1 | ow eultoec L&+
e eé??PﬂyeP%‘? prore Vasum apdigy gJr logkg greagresent e er?\? Qgloge outle
and@etﬂmnacmbertet erably, said ALS is conveyed

RIPSHTBSdafAbd 361ilirdin Wﬂs@oﬁ& sopaf3i6d §vRB leMter & Mctlumous drying
par ator I's a gas-sol1d separati on devi ce.

chap Eferably, said gas-solid separation device is a
Pretayatily the.vahiinFsfeid vadiupnoud drging elanbepia casated by a ptdseure reduction
devid@s-sol i d separation device is returned and/ or

refri ﬁlgrated for use in the chilling step

Prefsyabiys gypouumbieate byhe eregsua igAvcliny Aeyfce ds ?“bF"G@l@gV &QQgmicro
metprsdeaiisoltetpressarear BES cycl one outlet and a drying

Prefepﬂ)fggﬁ{e vggﬂuﬁ{ cref> oel];aﬁﬁgg edsure>fell 8“ &an%‘?é |h % rgﬁ%rgf sai d

separa VI cCe en vacuunous ry| ng
SUbi@"Wﬁﬁ%foo @F@W%H? absgajiige Vﬁ%ﬁh‘tﬁn of said vacuunous
Preféfably) gai¢ ABS BBabnleyodvi®ak@thcby a pressure reduction

Prefé?a:ﬁ)): ?ai% 5[% es%roﬁ\%k/%(d vid Q@lb%ﬁﬂﬁqj%g cated by the pressure

600 mcro neters Hg
Preferably, saie vipiatirgsswiaceds aviprating bay. pr ef erably, the vacuum

Prefek), £4ld BiratiMirayiesfeumatidafdiatlior aicii@icaleankifr &lBctfidéfly and/or
substantially 200-400 mcro neters Hg

ma%g%%m?révenr essure. Preferably, said ALS is conveyed

Preferablya saig, wbm@ traympeyeiss Al {hrougi p tprmestirg gradieidy eubstangally
effe¥li dubfhatioll. surface. Preferably, said vibrating surface

Prefofaf ¥ KL RRAePH BY popidtends Sesvinri e ynahpeer
Prefgrabiyt, vapout produgedibysublimatipn da remayddyfrogy the diyying chamber by one or
more condensers.

Preferably, the ALS is heated via a temperature gradient while it travels through the drying
chamber so that the temperature gradient substantially effects sublimation.

Preferably, said temperature gradient Is provided by an energy source.

Preferably, said energy source is an infra-red emitting device and/or a micro-wave emitting
device and/or an chmic heater.

Preferably, atomising the liquid substance achieves a predetermined particle size.

Preferably, the predetermined particle size is substantially 500 um or more.
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Preferably, said vibrating tray conveys ALS through a
tenperature gradient to substantially effect
sublimation. Preferably, a vapour produced by
sublimation is renoved fromthe drying chanmber. 30
WQr085/8052831 y, vapour produced by subli mati on RGI/NEAGH086P89
fromthe drying chanber by one or nobre condensers.
Preferably, the ALS Is heated via a tenperature
Prefgrablyi the pregiietrained particksideds lese tbargsubstaetially §00gn. chanber
r n effects
Pref%%lgphtﬂ& Pk‘&&&@ﬂ&fﬁaﬁ cgel sipe® @9& G:ﬁ{ﬁ su%E:Qﬁt ﬁ¥ édoglné1 Yo e
Prefgrably; 2l eefrideatiomsysteay ig 9m9bmotie maerPNeﬁ atradpmperatlyeg hglow its
eute%f'@l@&ben%% 8@inb rartipoht ftbrh d RF-s61d debarBibndRVicE® tRdHcRimaus
g %\ao vvave em tting device and/or an ohnic heater.
ryiRg dpmpgt, atom sing the liquid substance achi eves a
Prefpreblyca grprhlqﬁ prpducedtis sbstantiafhereduder ésf fegepb liquid eompared to the liquid
subftiredet erm ned particle size |Is substantially 500 gm or
2Q05/ 105253 PCT/ NZ2005/ 000089
In TR 700t P VRBEPR SIFANCFOBII SLo0 SPRAS (oF & (NG 1ocess for &
hquudsthﬁtamecahwrwﬁoo m Preferably, the predeterm ned
pag ?J'rrgse?bgp%bfe {Lfa nyaqlﬂu.ae@o%me&' ally 200 p.m

Pr e e t1on stem
81T BBl 2ok ie AleiRed U GHPRrGe (AR de tfate a phase
t eepangal ure during transport fromthe gas-solid

Sé Q%ﬁ\’e ?ﬂ:ag?dfé gfecgﬁ\%e/ﬁwg the ﬁ%l{"}}gg ld?ytngb hgrhyér'ﬂgﬁdm@m%cuum,

Prefera
r e CBEYY §°‘FVF%63R§P""I qf &aﬁtkﬂgé"éﬁrfala? grjag I ¢ffost ‘flibl!fﬂ?ttﬂ’" and freeze
subsirgnarel I n a fourth aspect, the invention broadly

Cog%b@e‘c rggsp{aaﬁo‘rflgﬁé&ﬁb%&l%A%dry' ng process for a

an atom ser capabl e of
Prefateblyi & ¢tlpr cansbiguF ehingaaiscssbstance Jomen IgHal ERerae to a lower

temwahﬁengprbhaecﬁ&rmmoaﬁanduid%ubsiar&s afhideee (ALS) to
a cony capabl

prefplRhl B rapplllRAfeude ) vty SRAPERY & soi b e Mg prouh the

dryinggham¥er. an ener gy source capabl e of heating the ALS
Prefé@b@smeOa@‘afm inSlu8ds aﬁteh esaekcé rcigmg oflﬁe&hh 1R ALBNHa a
i

tomiSygiig, GRS SR ITep f@sfag% o "‘A\ oitgperature
gradianbeancafieet subliseatiam i ni ti al terrperat ure to a | owner

Prefglt%g?ne{hgﬁt%w rhﬁ:reoér‘aﬁlbﬂeéﬁbﬁéhtﬁﬂy pivdrie of hﬁﬂétaﬂtla‘il&‘ RkiARES heat
S

e RAEG 1S B Sok Fasshy BB PP AR ¢ hr ough the 20
Prefelnayly,mjomlhmgﬁmrlxqu|E’|suifsmna¢3hcy1]eve§mprap@anmtedsaamnleIsael es an
Proffh Qbe SRUEE AN b AR AR D00
Prefenably1the ewaﬁb@nnesicpatthmsim fisdessdhgnerubstantially #0am.ent can
PrefS:faElgCthe ?Héhét mﬁéd%'ibe ﬁE@sf tﬁér?é&bé’tantfaﬁ?zdggly)er ature

s ant revents or tantially
Prefﬁqahlyma spray frageger utlllses a cold gas to effect a phase change of the liquids in the

atomised liquid substance (ALS).

Preferably, said cold gas Is air.

Preferably, said cold gas is substantially 0°C or less.

Preferably, sald cold gas Is less than substantially -20°C.

Preferably, the vacuum of said vacuumous drying chamber is created by a pressure reduction
device.

Preferably, the vacuum created by the pressure reduction device is substantially 600 micro
meters Hg absolute pressure or less,
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25 damage occurring to the ALS as it passes through

the chanber. Preferably, atomsing the liquid

substance achi eves a predeterm ned particle size.
wOR6isR0484 Y. the predeternmined particle sizepk$/Nz2005/000089

subst antgé ally 500 mor nore. Preferably, Il;

predeterm ned particle size is |less than subst antially

Pre?%gbl\'jﬂn thgg\% {frﬁ P%Xte%to% tha" rggé; J&@ n> ’Hg\ﬁce' %r lineﬁ'% range of
SUtTSFa@BaJ'é?OQrﬂP(P m&&mﬂe@d%bg@lstemsaﬂ ect a phase c hange
Prevéramy@auu iALBIiglonvéyetivR a\lﬂira'tiﬂib s@hckl qui d substance

Pre(‘éal%bi sanFa%f’a?‘Fm&?urYabe jas is air. Preferably,

/ 0C or |ess.
Preferafily rsaidl \Qbrat@alt@&’d*‘oP'éPUg‘ﬁBCﬂ')S a'l‘dé@fé“ﬂ‘ié’ﬂc%'m Ba¥/aingleqiically and/or
magrRdiicallydfvdr. ef erabl y, the vacuum of sai d vacuunous

i ng ,chanber reat ressure r.e

PrefrdEo ALy Br gpit AL, 2 ribelhas: dadal i Shbfuatly, gffect

sublimgtient i on devi ce |I's subst antl ally 600 mcro neters Hg
HEEbPEUD RS 8Rihg ch

Pr%%ZOOSIP%%O%bP Pur (Ie'?gfrrogk)lizf,ﬁgtvﬁ&e)@r\g/gcuum@c rg eca;i 'é‘%e’bb&' one of

mofg onfense'Sur e reduction device is in the range of

Pr%aramy, aaitl iterhpeyat@e @ratizot larpmmdedm}t aveietdy salrs®| ut e

Pre?ér?oﬁ? 'éél@ engrﬁf&ﬁfréhé ¥n inft aé@?ﬂ?’nd Fovic BNGYELmitAwave emitting

{9 surface. Pre er sald vibrating surface
de‘ﬁ'cﬁagd fﬂ?%ﬁ"i"ﬁ Pqi%fay. 5 Preferably, said vibrating tray

In d fifthpaspactaitd ioentign leroatiiyconsists bbandigiag thanaedwhich comprises;
el e&{,é\;&%é @ﬁ@{bﬁgﬂ netl cally driven. Preferably,
e

S con q ng terrperature gradient to
sub%f%ﬁ?’PéFY' far pedyqing e presshEa in &3(d caMd®Er abl y, vapour
prOeﬁimeedallb)atlaubﬁtfr&atsaldﬁhamber&h’@ved fromthe drying

chaé(rh)‘?eart smceo{lﬁpt%[i to JcQu&}?\rs%ld‘ﬁ% densers. Preferably,

said rovi ded by an energy
Ad‘@@@ﬂe@SWPﬂ@f RIESASE gnve@an cPfQé'l'ﬂ?F @ impievedt methogpracessy ¢f-treating a

||Qlﬁmdb§ﬂaﬁkﬁe 1 RHNALAPEbr af ledst Fiofd Gonbéhtate@ Mrinldf BB liqUia\slisstance (in
the?ormo?r p%]d mc heater. In a fifth aspect, the

i HUentifon Broadl y consi sts of a drying chanber which
In prefaised ealzodimerts, fhegusesentinvanfierbis ablsfto v¢ ppefeter gn 4 sempgontipuous

bastd/bf &Lt ARYH WA 6w argﬁdétee thidighple oﬂfqeﬂfdubﬁaﬂo@ tisei cdmpared with

o 5 B RS, 540 B 3 oyl Lor Bt BRECe )
suffigianb ot inayease sffigienciegeof giryingénancentiating ehd/er yhich/lelsdo eeduce damage

to th awed net hod/ process of treating a 20 liquid
_ﬁﬁ&hnl '9 H er or at |least nore
BR e liquid substance (In the

Further aspetts @f therprekent invention willbeeomee sppardnb tiomding B|lowitrgedescription
whiBh BS§Wn By WS¢ eREmbIS oﬁlplaﬁd With Rfer@R& 18 1RMac®Bmpanying drawings in

sem - cont'l nuous

which:

Figure 1 illustrates one embodiment of a possible dryer configuration according to the
present invention in the third and fourth aspects.

Figure 2 is a process flow diagram of one possible embodiment of the present invention
according to the first and second aspects;

Figure 3 is a top view of of the drying chamber configuration shown in Figure 2,

Figure 4 is a side view of the drying chamber configuration shown in Figures 2 and 3,
and

Figure 5 is an end view of the drying chamber configuration shown in Figures 2 to 4.

BEST MODES FOR CARRYING OUT THE INVENTION

8
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basis, or at least which will allow a greater
t hroughput of |iquid substance than conpared with
prior art drying systens. The rate of conveyance of
atom sed liquid substance (ALS) is 25 sufficient to
WO 2005/008353 ef fici enci es of dryi ng/ concentr at i NG/ SZ2A95100089
whi ch hel ps to reduce damage to the product. BRIEF
DESCRI PTI ON OF DRAW NGS Further aspects of the present
Thel presant iimvantiinl may ecwrte dgspdlednwithf refarertch go flaguresm rtg 5, and the

accgﬁﬁé?&inghb&‘ﬁﬁtuo‘(‘ﬁyeﬁztﬂ/ i's g| ven by way of exanple onl y and
referehce to the q%éfgganyl ng draw

The gresenqt mpengm felajes Mp&cpe ArviaRs ge g/f:orgentratmg liquid
subgtances 0T ghogess lsCapfbf'ctaglertaﬂlqle leaving rackiolid) sibstanbe in quspshsioh (for

exarnmé%\ﬁ(geno ul &?.utfoﬂ % JuBé{ér'icQ hﬁ%ﬁ@e%td?%oﬁw Y4, cggées fruit

ramo one
Juicg, r@am@ewlﬂ ARICTRERVIICal eaphe P'ﬁ?; be grachesen teioe talﬁ gpray freeze
dryssecond aspects; 35 Figure 3 is a top view of of the

Fre%’eylil?gg ZQ aamgerful C@Qéén&%r?tt%cﬂﬁ\ﬂu@ 3}%‘ a\‘n%ng h% tﬁer products, the

e View o

f°"°<!\€ﬂ9f Mgy st qir@ﬁ ig HBRrManner; '@*‘tﬁrésm@eean’eg%?ab'esafﬂﬂ qﬂP@ (FPRP mnixes,
mushfooRis, R&Hs,\dpRes, dheédeestattey icifirés) animey, fuld) for geddyite-eat breakfast

codp MR e BRLARE Y S0 AL O

Soms speeific enduserstdf firezeyietprdists Masinelidsdtle piodictipr pfamilitaryand/or

. spa&é’raﬁb@é@ﬁelﬂaé ggefﬁiwefgﬁsgénrfkﬂn ﬁswmwﬁd"ﬁbg@%fég' rﬁ&étoﬁhh and
it T eeds SR RSt M CRPSTH e e Do s ntaghey ow thermal

danggb,sgoad catentioT hevaatipdtayeurs, goag piaminatslestion rdpicorrodist rehydration,
low Iﬁ?dﬂ'uagshﬁnl?a% ' lgngS HQ@&& %fo?adenlfesuﬁfpﬁlﬂ%hﬁ Padib® rreteﬁtio%)‘@f 'Hﬁlldaglcal

actl\6t¥.e .{?Ita?l{ggof éed rereaéssooggrtple ggrgaqlvgqﬁqes i ﬁesegateg wﬂn freeze drymg
subgthramesaayube awbis natatdy; rhidhr diying tcosta damageutodeestamoprbducts by initial

freegﬁﬁ’cﬁﬁrﬁe&et&ﬂa‘ﬁg Fie§s gQék@M dnb §hdfRain ¥? fow Eurﬁﬁigf frlablllty (i.e.

is a use servation tec ue an
crur“geﬁ,eaétlﬂ,@r e Beqj@en@;tsgmetgrn@ NecoRSRY - Qrgj’a‘f’f%f§ 5 aveid polepr f‘ﬁs
A piobdss 1nmsryeRsrally sutinadin thethire espevic aret dppketusias braddlyedfitsalby the

fourfh %&?éct deelcgb%;gjaisla(/é) %?ﬁgné%@ h@ﬁmg QBH%% AN Fe e % EFFJ pressure

to-eat Drea
be'%éh%ﬁP? P%P‘raa'&’é‘lﬁ Jubstprace %W@FM@%M%”E“Q‘P&? 3 into "he chamber
2 thgbly Cganbratiod . frS@nEligeldesubkiaocen portiors @r andbh firsie ezaporitade tiuid

subﬁé&gg‘éﬁén gRY I nclude the production of mlitary and/or
ratrons as well as Ilght wei ght canpi ng foods

Theéi&ﬁ@&ﬁﬂ?ﬁtﬁf Hpuigsubgiance porign bA may dr congdensed Wﬁongensmaéneans 6,
whiltr stere sakhy timg qdlavting thenfbozeq figed aldsianb@yertiome dsod lagwd 9n a

?h? ges | ow t hermal 15 damage, good retention of
colle%wﬁ?‘ e ?I avours, good vitamn retention, rapid

The fogef istidrssbsiancappeian 4 cpllsaieg e thedayes 6 is eRvayed alopgthe collection
suriideCs] Utie &ifaésg Borviethe fn’oienﬂidhfﬂ %bwarraa@mdn |apat7eatal 1afd which

confie B Pkt g Bl oot P plRlaRof R sh el
The sairensatiss evappréied liqpidtsubriangd pyﬂlorrm@hb%nempv@ feagsthe chamber 2.
In oﬁlremgwwmw we\pera@éoqré.u.atsabdrahcé Bbrﬁérﬂ’o befrérﬁ&iél:l A8m thé@isdous
pha?ﬁjlﬁ.ﬁ?ﬁ &? iﬂ L itggn lae {:gpd?pseé o(rjr the conlsm?n order for gvapora#eg portion to be
removed from the condensmg coils, the colls can be returned to pressures above the triple
point so that the ice will melt. Therefore, in order to achieve substantially continuous or quasi-
continuous operation two or more sets of condensation coils may be used; while one is
frosting up, the other or remaining coils may be isolated from the drying chamber by closing a
pressure seal of some sort, returning to ambient pressure, and defrosted.
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20 crunbles easily), pre-treatnent sonetines necessary
(e.g. carrots) to avoid colour |oss. A process 1 as
generally outlined in the third aspect, and apparatus

w@;:opsr/ﬁ?g y defined by the fourth aspect de%‘rNﬁ&bswooow

ove, conprises holding a chamber 2 at a tenperature
and pressure below the triple-point of a liquid

quﬁﬁbsﬁngﬁm zcﬁ ﬁ'h@id@%tlérﬁlq %Wbé éd)‘@) P m?cWHéE r§ irh BYe6r th Béhieve

ener a rozen
a pegreiateraiiRes sizsraf fregenui aufastafwc? gertien, pastin! o ‘f"isd‘ﬂﬂyd’e pegformed
by ndsiraore aopstioon SA. The first evaporat ed liquid

Th%ki%%é BAGE fr\%én lfgﬁﬂ s?b%t%%g g?ﬁor’?&)Hﬂglg%eﬁg\l&yedcb?ﬂﬁfE&lb&%n surface

is Greiqslz'@ﬁd by §\girate dmpteaspateecpesd of earveyapee by thw@PcﬂPn gvifage 8 which
is i§ Airh@E&n entilest corveor $not SHtAvni. r TheaiichnesELLf ChiSmbITdI/BESE particles will

als? %étdétgﬁl %cf ? hg B%ﬁge 83 stacgﬁe g@.@k ?ec&igl} &%"@M%dsuéété’r{&g into the

sur ace conveys

chamfzer ARioreaf hmuldqwbatamﬁei@cam by thenpzzints)18yer 7 at a rate
De.VM‘Hbﬁlhhe Saks Qérﬁe)ﬁshﬁe frdveh hdilﬁ@&xb@lfanée’&rtloa)é%y foém the point of liquid

Seief it o O b ng PG RS e B fl B Sibotantay

acfp%ves Bbeut theymdrelayerthivingss efdrorerhiiguisiaubdiance portion npasy the collection
sufsek gany water or evaporated |iquid subst ance portl on

to be renoved fromthe gaseous se In
i GolsEid poery i SeBTP EALTCT o P o] &  posthg maans 1
whigly apay rirueel apleadt isome sublimati@bandgherelydgene@tion éfea second evaporated
nqmaci,aaﬁé&&r@wdssandfa%qeauhs can be returned to

ressures a le point so that the ice w
Thé,g0ond ys@pigledigud pybsisnetporiay S dan ala be aw@a?ﬂd.bmﬂrefondensing

meaxsd andremsvedt frofltas chantb@h2i nuous operation two or nore

The Eﬁoﬁi:é?ﬁ2‘(9:@&?%aa‘db:{’rﬂaeq‘éé?ﬁélysco'ﬁ%nﬁ%ééslﬁgw N ét‘?hegﬁcﬁduhétank T,

stafod, G RecremPiAH Fo%R er sAleror ufasa 8 leyya erosswrrgnaval means 13 then
evaRLABG HEM tifabmbér 253MNRe 5@t porf X U Ni Ng to anbi ent

d 5
BB IS P AP RE LSRR g, g may
be penfigurpd i@ genseate srpagﬂea Y whioh I grieftes msee cqwﬁmfraéﬂdd than gt of the
liquCdiibetefce Finfechottirigaank, med size of frozen liquid
A GHRBLADCE HRRY &) £ Bb 14 168 1B O BB REET & B e
sunsraqm by %ansgq%@éuqyem meas, $yshies R EReVRcHion BeTR #5.0n t he

Oné of st m;aaloﬁtﬂoﬁacsach &s h@zzléetwrmyﬁwerhmoydaethmgrﬁwhnch the liquid

s 538 5, PRHEL o BN OGRS B5b™ o e
chambet 2.gniseaen liquithsubstaneskprstinn 4oAndtafiret evgnesated, isuidgubstance portion
5A Ry bb gbRstatéd.! |  al so be determ ned by the particle

ted b t f t
T A e T e R
porbgn‘tbféhmmgselpsanct@ Desirably the surface conveys the
A Joﬁ&%%ﬂg IhedHS 8 iyt dAGeR S EdrRBnsaIRY flﬂ‘sf %Bﬁ@d%hla%uﬁtance

0 su anceln ecti on oSition of
poryeh, @nﬂ&f’econ%pzws gay b sab%ealeeé‘*%ﬁ(?@ﬁd Snematge i (pe chamber
2. achi eves about the nonol ayer thickness of frozen

An Iohtﬂa't' hg't wl‘?ﬁ ?{%;:ﬁ QQértn’\aﬁ/rbel{Ech‘tgtek}s%s@u Giel biHore SbHckAfe form

e col roze tance portion can

of tt‘?ﬂé"ﬁ"do%’b%t??ﬁ?s'-’eﬂ‘ theyform plaRrPdtist Heans 11 which may
Thd frdzemelicmid $ubatat1cesmrﬂnns41 lobn vataccumuated aéarleyey 7 on the collecting

surldEd! 96@&6 eqf ﬁGr‘a Vo?@%%ﬁ@tionip%ﬂé 't%r&js t‘ﬁé‘ Q&%@B&‘F ata

por t |on e second evap
ratﬁf whigh & %’Y?o@? é%@“%éi?'! Pfofl‘Pt Pre: fign éPW’B@'V&WSWéHtWﬂeSS of
t he condensi ng
10
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means 6 and renoved fromthe chanber 2. The product 12
(in a state advantageously containing less liquid than
at the holding tank, T, state) may be renoved from
the collection surface 8 by a product renoval neans 13
wo 6910533 evacuated fromthe chanber 2 via tHea/NE20058000089
port 14. In a further enbodi nent of the process
substantially as descri bed above, an apparatus may be

fmzm@idg;ﬁbgandeqmgiaﬁerate a product 12 which is drier or

Thegpsrt Sv%%cé %ﬂfqa %Q? 'hcﬁ o:fisn %&8 co‘?"ldg*ﬂ-}&1 H¥] %%H&fe%é‘ HS S\eans
6 angrremgvaddram thleevagmbm T hmonﬂ@sm imsians 6 i ;eogirdesogdansatipn colil or

coild. Nehel doRdériding Reantl RSdoBIRE itk ¥ rétrighr&, SdupSlict Hdmathd Riftigeration unit
16, TEANS, such as a gas evacuation punp 15. One or nore

injection ports, such as nozzles 10, may be enpl oyed
Thetadne ou gleraninjectiont fosts compiise a smabs@raamcmorﬁsaim nozzles ot eogdels. The

nozp %F‘ nbPIRCEibRRANGANy RRAYHE e QIEe oPehd frobéh AiqhidPsb&BRE& Portion

Into the chanber” 2, a frozen liquid substance portion
gengyatefly a first evaporated |iquid substance portion 5A
Thercallecien gafaee diichdes 8fe Ar & abibinatioo rof Mtbﬁmmgﬁcomeyors a moving

endeésO%élltd&% RatRHPS ir%E q?‘lid th eﬁ@éd{fgt‘étthé F@zeg‘?i g&qjanfcé ga@gn to

i q st ance
slidenawgy Herm e gnwaﬁ@reamwagpwnén@ VibyAting 1‘ Y-c J ha @hgled gy and/or
vibrdting Sriy iavlagos aidackdl fncmum @hr&ubedrwmelﬁg paigiefrafiaroefhlenénd t he

T heq%?ﬁ?ﬁ@%h%e nl%:l(% s%!aa&ﬂlg |o§}g¥f ;/er%gosed to a

healingampans aayj 19 @Om@wﬂ ﬁwaxefrare Ube eng Odrm%? "u?ctl% rperts which may

subﬂmamﬁd@b eutfmfana»n 6ffthd fftﬁerln nqﬂuw diibsbietpanieR lager 7 upoh i surface
ance

8to Fo?m@ s%co C an Q%éé l}ﬂ% Sr!fluf 8§§R gé thyy é ?ro?ﬁ'cg iﬁ t he

The @eatlngdneemg is mqrmn@mtlmwwpmwemy@wncm inflagedlamps,

halof® Bmb8& l:ﬁﬁhdé&ﬁenﬂ Wnip%, mfc@\w;éé%r bifRic ﬂé'éﬂngbf #he eﬁrracab it§’elf which

mey b Sl BEpT {roc e ] B0 RAL L 7 gl moane ay aso

oper2®0 Gpah0 B2 5iBozeC THaNice 06dieoHy0dd hehik tramrl frguithe sursind rinternal
charﬁl%rteh&ﬁmer'fthﬁ;cﬁ a6 BbatRrAASIE tﬁ%&ﬁ\ hé BolleCtioR LRFARE Sr \F?Q Faldia%‘n or

nsi ng means

nse con
reﬂeF'éWtﬂ/ EﬁerW fé‘?ﬁ' qﬁé”ﬁ?fﬁ‘ﬁ%@ Fha“"lbr?éwﬁ ndensi ng rreans 6 | s a
A prodist exhovaltideing ean menopioyled o remowd the profiuet frooritie ngledtipn surface

wh.cﬂwshava shieR 'o?gdﬁékédho M fhbideSiRAta prodiRPlenfValldefitd HiR be a
rerlgeratlon un|t 16. The one or nore injection

scrapjgg means,aRsyqr abrugh 'QBF‘&?"%r an atom sation nozzle or
A sanapirg) msansTinay substammly contach il fafacalB stithribhe prlobiyct 12 thereon and

mov8 ﬂ{e‘iﬂ'réﬂl.ﬁ?off th@ sﬁﬁaés td?\faﬂé He o?t[ef’ﬁtﬁ'{‘ﬁ \Nﬂé‘rb?s & Hlkﬁ§ ﬁgrﬁgans may be

t1on tg ectlon surrace uaes
I 0 fRA g 820U TAEAIRRLY NPETUSPBIch G150 SN b OEPEP i Stace it
the prodtichtherebl agd d‘loe%prbdllct towarifthg outidet pon, Orcetthaproduny isaemoved

from tﬁ g'pa%lél: ﬁ‘%r%y Héﬁ ge& &qb'ljth%r EMpésts%t{“%ﬁclpﬂ J %@ﬁhl{atf?m stage,

or nore 1n on ports
or VE\PPW&P?K@@'"Q ﬁ‘h’?a’“t?lﬁ'éh%\%‘@i“éeﬂf‘? BYPdYEd/ or  vibrating tray
The liqud galtamce Stk Suppliidiupterpidssaedo GRIMPjECBN lpgmt 10 via a pump

17, 9L ¥ S L RE NS THE ob YLl LRGSR LAHE tramoor 2

ai'd I"on sur
throughyporedes @f(yakyes 18A.
The frozen portion 5A of the sprayed or atomised injected liquid substance 3 is

advantageously directed to land and be coliected upon a surface 8 which then conveys the
frozen portion 4 away from the injection nozzle(s) 10.

The surface 8 may promotes travel of the frozen pottion 4 away from the injection nozzle(s) by
a either use of or a combination of conveyor surface options. These surface options are
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heating nmeans as it is conveyed away fromthe one or
nmore injection ports which may 15 substantially

i nduce sublimation of the frozen |iquid substance
gortlon | ayer 7 upon the surface 8 to forma seco
Pe8d9338%d | i qui d substance portion 5B and BC Wﬁﬁ’ﬂi‘?“oo”
12. The heating neans is one or a conbinati on of the
foll ow ng energy sources: Infra-red | anps,

propigagwhich ghoy Hestudaee F%Uﬁﬁ%d frogen ReTIgY dsto g ef?!ﬁh'v 6‘°h%‘3§’F'i“H'§te to
greafer thae asout hanshofiyéertisiekriess\bfi foBen mnabt rhaithiclgiess/oripe@n7 of the

froie'Hg)oFllJfoR i%o+ ih%uéélga&%)&]; &tmfn%%e fralte OTEI?DIIRQ?JH (Pgnng) during

% u on zen par
exroRgP teibe hgating mepast transfer fromthe surround

AlidridtiRélnadn optithantaiRkners tir PPN Sublibbkion (a@mb)eatthé fréwaf fplition may be
detgnlpr{ined A atcn% d?ﬁéésﬁﬁr&/tﬁ?}hic#ﬁs%%?@ ;]aryg C}hgs&r?agé 2@1 e%]\mg{e using

lghheiafion tasholeues Gnsaiheibicess etthe layetthelingaprayg nto the surface is

detém\aethte Q@n@y&dn‘éﬁi off 60l bltepa?t:%iels %Way ABMIHS fni’é&ﬁon M an be
0

anege 1o Rpich i i G aREs iy sBieY dstent buTimisRRarag substance

thraugbipu (ardl predush preduatier)n sThe Apgy rratp ion thronghpg ofitiguid substance may
als§ H@§l{e?ég tb 8k kym Jfa@rfétué‘ﬁﬁth B fats b d‘oﬁ\?e‘?lng o%érﬁblés%n@ R hce.

ereon an ve the I‘O uct he surface

Onig s 7R BN 1o SBpIeda, hepfigatig dneang, lis PHofimatAD s Preferably
induceed therebyl iresiliivgy ih cadditiarfal dquidteartova drobr the mowrfrozen iqlidsubstance.

Th%b&%nﬁ%}@oreﬁ 3t gkl %ﬁﬁte@l? Rlitdnge, Aot Ha H{\Aga%ere?fgnteg to as the

E% ereon an noves rOdUC
‘Pragiyet] g3 rthen by, smquag figmahe é’?""le!é'"g é'l’ﬁ‘}‘\?@d The nrediit ganethen be
colleétadrived rehiovéthiyorh lﬂﬁl”chbmbaemﬁ@ g dutlet pdrtit4, Rdich ichugies Sedor more

vah‘e%l‘lgﬁ éc?rsalr?thcﬂé)%glle%ﬁt 53 §ftcﬂ9rﬁber acuum packagi ng to

ro uct . The liquid
As éﬂ?o%*taﬁﬁ’éézss r‘?ﬁ‘? R wawm %da%ﬂ'eﬁu"pﬂ é%éﬁjfeeu'f‘ig torpbtain desired
pressuredah ltr@n:hambéﬂ; fot @xatmﬂe,ahdlﬂﬂ'ﬁ-pmﬁt?of wiakdr s 61163 Pa (pl4385 mmHg,

or G P?ﬁ] Tﬁegég'es tolgfthe E:tha?nbe? Bl gtz lze%% BE q\fg{ljxgy {hfg"&t%e %Ie -point

preggye 9fr%92%fn heyever, @lﬁpesxdmsfomtmﬁeprgﬁucwg@a'@ ferepefaiyrg egnstraints must
be it &L beSid lla8d) idimatonSAnaNER zidg ipSint ashréssion 3Rt with the freeze

con\%ﬁnt%gér} ?d]ffecg t%nvgcﬁn? H)%% ?a%olcﬁ 8§ %g: ?%Q&U% WSI éqcfl%g?be{l%w their

en C ?/ Zen porturon
euteqip dempeasptuigowhiledios pthars. theriglass transitioa tenmgtqur Ie rAfticet Since the

preésru?é/ﬁi thefveb& Wil a@EmMIROtHei é&Blin‘Jatl@H\@é/m;ferrélﬂi’etéiﬁ Ao @id Brdduct
se of. or a co
terPRRGLS Shén b prdbest bl Fav S Srfate Rt efer b b dilcrdi sBlow 11 Pa,
for Mamn@ 2ges/ 20528 R JACH; MADI0I0Ss1-80T08W 38 a0 Of deutsafitiiciacognised
thalalrtﬂéé“el‘ér&ahﬁogilun g'{a?ctgec‘&ﬂ Iie@%eﬂoétrlﬁréfans&@fahéégnc&ltéuﬁng particles in
USRI o PETRT TGRS e I &rPeTog G i a2 4 HhesRoriypemics
woudd undgretand tlaf relationstip ©f erespare tandnterhpesptoe, tang Baw ftheec ehdinber
conqitlBﬁsCJétéﬁnQﬁttﬁer maﬂﬁﬁ of ﬁb@h E@Jp@raﬁén @Hﬁgrétﬁﬁ%f 8 fifstEvabBrded liquid

e
SubRIaP A RSy B SR R Sabo o e e daie plistaBpeyportion formed.
Thes clidmben torafitiofs! may rigp) vanibd tdeptimissziba lel of throupput laed/or level of

freé}ﬁ,tg%gnnﬂﬁqnmé ggr%lbéfel y msasurl ng the thi ckness of the
sur

I
s ING{IRIJE fomonmavcta o diTmlsh 4 ped SHBAY KT IoA e T chember, paozze
andofeedh presguragie@cchosencsutin thab @ stible @prag-jet Bahaintained: dn a tsigtriple point
envﬁ'QWé:ﬁY & n{a?eli'lgl np&t%\’ﬁ tthllﬂLﬁélrsfai Cln%%mﬁWat sﬁﬂ@o? Ph% Igwd is

I'nj ect’ion port
foregd e vaparee F"fﬂ°é’t ingtaptaneopgly. causing the respaining Hquid fedr qez@uﬁﬁape the
entiSaktys bfafasien HOtyt dues ughpedd toabedsypplisdiuint amp exteimal srsengy. solifee, it is
spray rate or throughput of |iquid substance nay
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al so be altered to be synpathetic with the rate of

conveying of particles along the surface. Once the

frozen portion 4 is exposed to the heating neans 11,

ﬁ&%(’c{?j&& on |s preferably induced thereby rgsphiodSooooso
tironal liquid renmoval fromthe now frozen

i quid substance. The substantially reduced noisture

effegmegnﬁreé’u %Séo%ﬁ]i&? asvg"f'eggt quye pﬁné’ F%)?Js %ﬁg"&lﬂ%‘felfz Bl’fe éaﬁrenth of

e conv
thg ﬁFl?"H@EOH qui:élsalsed@eﬂmsaneaﬂséw Eﬂé a gvgn jaad oERrogdicl e spiay freeze
dry&rwvequife £ Babth1@%OlbsEnergy thaviatomentivhal RitchirRete drlsler
. 0 e .
bl BT B, o, B TioARh SE8 | 57) urece
termrdarmt vagowrgeeasute (ypieally IGAw onfess) SThesfrazew particles land on a heated

tr,%r%m wﬂ@@.trcﬁﬂs aPFri%%ﬁHé §§bhh@s b EnE 8 2BRfEhsed @rtn@éameha.g coils

aSJbf GPmRsEAEne 57 1nath LIS Ao R, UM ea aion SSigied rom the
foltoavirgy eduatidmi (Géllews t1987): t he tri pl e- poi nt pressure of
wat er, however, depending on the product, certain
tenperature constraints nust be net to avoid gl ass
formati on and freezi ng pokpAMAepr essi on associ at ed
with the freeze conce tr ¢M effects that occur as
ey Hidie

W%'E'g Pro&ﬁﬁég% era —hers Eﬂdﬁ%ﬁvgy of dry

progugh Nk np Fdwweqmsmf nr@luctr (kg/nE)alAM %phamee ﬁmmoratyre content (dry

¢ i
bagfsﬁ‘pAz/F‘éetaﬂrngerEln% ﬁrﬁrfr@eﬂom dr;}r A ﬂ{ meﬂﬁﬁ%g%g ?H@tﬂaﬂ@rﬁ '(ﬂ%) This
equationshawe &gt e dryingime ‘P@“@B@P%ﬁ' o the swaé%gfdh%@lckness of the layer
of hegproduct@thé drylpglsovace11. 3 Pa, for exanple, coffee:

The ére&n?nrg/egtfhnpg} thé sgzj:otr\djc#b%i%?ﬁ %EQe@ng ¥ a F % s gﬁgfreebze drying

recogni se echno
pr QWF ineg Qtlﬂﬁ"ﬁ?fﬁ'ﬂuqqscﬂﬁcés% @pd may Pedntegated iine ﬁg:optmupqasc preduction

linke /WhiSHAS LD ﬁa'd@éb tﬁé |aaomcﬁﬁreraént§ias%5aétwmtrt iedpatafion,And could also

ellﬁ’]J]I’EZ%, @? 5%18& eﬁ%oslu 8 o&P%chg ﬁ?rgarglpg\gnp elg gﬁ?f‘on ﬁla n%gd W o sgbsequent
granuiadion stege is reraemgd.ringe thecdriet aretieqt exits dheckryar inrowglered fermn e

f@teﬂﬂ@?&étﬁy}bn@f(Pﬂ'#@S&ba@da&%@J ol a{sgarben Foh@ingfsyétb@ can be
I rst eva bhst ance

eisiite R PRlstpB P piyB buwind B850 BRF biRE B o the pettto be
vegient tbetweeh cabma;td1 andHi@ wmingtededepersiingi on exposigytobibe \heatingd means

re?@re@ﬁ’& SUBIIME off BRlesiRdmorht df foRRted) PiHe lé‘H@ﬂ'/ Snhe B3 %ay%fe about 2m

a6, BoibSheBes thay bf Fers) Hebizef GBOR Y. 13W?@Etaf‘9tzf“ﬁ?@ fhgustoduct can

bevaptayetiobaghireultiplé hezzieszint examplech hezzids pr pesallel, én ander to distribute
thG RS o eckcBine Buicth BOhELSRANS he) bd SodiFd B! ned. 1 0

pol Nt environ materi a can
It @)@}'@F'Pﬁl‘ﬁd 'ﬁb“‘lel’aﬂ?'ﬂy gk paricle ﬂée&n‘?"llleeﬂm@@ regiaoot0 Ph@oi‘m and
thénema @dinte it i§ tiedyeitiatt the prodactivdibadhlersoiptthe sistaas (@rbetuslen with the

P1ER Bloy il fod e e é/'mn%véuqnéam%é& Sh e 5&11% o brush of
SoppIngrIGne ATABSIEAb AU, DETRIENE! & fhef 0 of e, qonyGE ot a:pesiton

aléMg khe\EL 208/ 1D the3Baperak kifetadge isynot dffeet/é enduyhpal BETEE orothersype of
métefiat %tﬂlﬁﬂ %I alg{:l?e &@EFQ &:Fa?g Spgat@@? {oﬁ Xl‘h?%k%b ergr{b%ﬁcﬁnt may cause

seven

aggeegation ¢fhe paticlgs, gY%rf“%bard“@f “?5 hscheseficial,iepansiing,on the down-
stiebeandling irgehidedvok the pamjtildrgraductl east 10% | ess ener gy

i 1adh AR e BRL b ARERE I Yoo B ErB PG iin e
vagHy pww 2 paidigined belowshe tple pat @rﬁsfuxpaqi dhe liqyideSsangt therefore

(typically 100mor less). The frozen particles |and on
a heated tray or belt where it dries as noisture
sublines off and Is condensd@ by the condensing coils
as it Is conveyed along the |l ength of the dryer.
Freeze drying times may be estimated fromthe
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foll owi ng equation (Fellows, 1997): 10 xPzAM23 td _
8kdAT Where: td = drying tinme (s), x = product |ayer
t hi ckness (m), kd = thermal conductivity of dry

@F#&] WnK), p = bulk density of product E‘?&%
w?).r = %zﬁémge In noi sture content (dry basi sl))@fm /000089
tenperature driving force (C) and X8 = enthal py of

[t | - Thi.s e L.an
oo T3 5, bl Pl oS pctel T T CoNR i, ghlrtod 5
ms{qﬂf/%\rew@ys(“%ﬁshwﬁ’ ag gyfepult ¢ff the peespyrg lien bejaw tthee lighids fiple point
pressiuird axR. ev&}b};ﬁaﬂbg PFRBSs reMuvssisubdtartibl dnivinis oF R frompIRCdroplet with

C eferred.to as SDr [ n .
e BBy S S ok RS BL B A B, 6" il 85555 roewe
magnitugles, ottba tdtent beats pi apoiisatian(~2250rd/kalanddusiemBeB kMlclegram
of tebﬁadrﬁ@(?’ Uﬁoift%uwgﬁmli‘rfgée Eh‘bﬁl%?i'ri'{féiew_j ] glf%rﬂst 8f PARdiMhg Qibter 4.

angd, cou al, S el mna e I.lIS 0 e 0 re oOr
ReRRING TR e Az olguie b Shntse Bp i 4 iy oftbRgMAtsrefoved by an
subjedtise i teem heatigg meahsion enargy sewee $ush e A inereds halogentlérep or other
en g* §trd® Q0Mhin the Vdciurh BRariley€r i n powdered form A

o S SIS, coal b ogs el At

in extarnal lehergy (edentricily)irewijrembnt aaiaimgpst hmgle@ﬂditgd dgnrequited riwr frelezing the
r a . o .

protgﬂg a% é/\féﬂ 46 ﬁl}e%s%‘ﬁ%ﬁrg?%ctl&?m% traf ety %@#rﬁ@fﬁg@%t, Ind the

and m nut es | R g on exg\ﬁsuret a .
difficuiliips; asepciaieg with fhe FoayRyRRaReciothe f079R SRrPQEt {FRking: campacting,
agglorherativne thaing/ré-Rexging) e betegaiehbd remayedoe about 2m  and
Tod b B SR RNBED 20U T o
its Fgehanjsrly siwpler dasions yd tES(afﬁdh%PQIGWGE‘QI ave mychyeater gontrol of the
latdral d]ﬁtdlﬁ.;tioh @f dhes prodhsttan theheyifg @ty Checavsenhy sae:yq&metnhmay be

t e t Is
corfofi e deolE e o0 o PR Rl o 8y, . (1)
Some of et majok adyppfagassof spray-freazeliving aven corygntionalrkatahfeeeze drying
areSth8 Gfeatly rdduicdd HiginY B8 {(a akter[UT @Beunbs Bbrnparédlieed tattér éthours);

surf ¢ bel { ith the PTF . o
5o Bekeloiy € Sainpes todalbehSiule Hejerak: paot 5.J0%fedyetion fgheray
cosigs dge fonthe anowe] g@pzim pioeesshwhich issqﬁeatiyplygrmlq:gst, and the need for
sulbRb NG EdlatiGR3tdde, FATBh Q¥ AtedticobtlyeamNda® fredull €in CHBNRY Ybss is

or._an ggition along the surface). If the scraper
”nﬁﬂﬁf%?‘gvﬁé'e is not effective enough, a PTFE or other

By utjijstngdiis quasi-eentinlious ipiesksscexposiresto doetaminguts ispavoisied ped thaespray
fredXdTdnyet sbldPbbe intétfathd mihh RnfitA0S PrRBCBRIheS AMESE mdeh less labour
. agﬁr ﬁ]%a.t | ovrénlgcf t.he (ﬁ%{et icles, which may or nmay not be

intgnsive fiap capventpoalfies?ed'e8h t he down- stream handl i ng

In furtheg asiedtsiop the praseptanvetion|aa broadip defined bilthe fifst ecand znd/er fifth
as;ﬂlgﬁtsﬁﬁ&eﬁg Folisdea %iﬁ&?&)géés bRd &hplaPRus\R ket WP 86w diagram of

e pressure w thl{] h vacuum chanber _2 1s
the {mpraved GoatinyoEs SRIPIFRe2¢-FIvio @ragess i gﬁ’i""@&%ﬂ%"’%?' % fignds. A
liquid spbsiEin® sachla¢ txdfee {rot showhBis CWilledG (b itsOiited Bmperature to some

Ioﬁ%ﬁyéé%éfng%mg%t Nl &Q? islopfibhaf! 1he ﬁ?jl?%g& E%ilr@&iéa SndeP®

nozzl, sone thesv_va er Is e\(al_gé)_ a ]
Press1ee YA ARHER (Rt ?h‘{‘""P'IaéPé‘H\?H"')m‘é@ ahighuggspirediozzle (ot shown) into a
freqinghamber@20 fidebiby, therphiticle size|off the atomiseelicidsubstiince should be less

el 5ty 2 S YRR ) AR RPN 3t bl =

with & eo-ceent fiawef caidiair (2% oresshendptamizectand fofende produddzse d

atoRibeh ABzdntdubithnee é&LS&H $he Al%*ﬁﬁu@ltw frbenbabf Rk eﬁ@&fe%rﬁ?ﬂeratu re to
=2250, kJ/ and Kk % 1

= K ' =333 kJ/ kg).,
preyeTR AeliDe. SURlpsPa AL SvBPUTAloa GORHEed IRy (ol ai Sroa 1 the

approximately 6.5 grans of renmining water 4.
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O
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Rermai ni ng noi sture in the frozen |iquid substance
portion 4 may optionally be renoved by an subjecting
it to a heating neans or energy source such as an
Infra-red, halogen | anp or other energy source
WQi2005{1A5%he vacuum chanber. 10 Potenti al advgﬁ?’g‘&é@%‘}"‘m
th| s type of arrangenent would al so include the
ni ficant reduction _in external _ener
Sprﬂé BRZEF 1P & P 3 aliNA Y PIPRG RS Vhere frageRsyS et ‘8%‘/ Bettor <fithe cypigne 23
and thej ouiiet dir Sipgant exdte terigp d¢fittes cyploec28C tTha sutlet bir steesant froen the spray

fre@z%? Rlﬁét%te%glomﬁéjﬁhétﬂg te'n@e}'a o Bfr tﬁ’é’fr&@ﬁ‘f‘\L@ gda ?An%%fowgt]’éﬂthows

ﬂ renent t1es associ at ed
the(?b' Rf&lf giream BPmF'??éJVF'P'@Pz‘BW‘J?ﬂ %W@Ffaé'%ﬂﬁsﬁg‘ indRiEfnstenes )
evapQGitar 126) didrothe alr ixooablagd bick-dowr Gvitsiglial Gipelaturé Befgre!rstuipihg to

ray freeze drier involves |ess
thengg\}Yr%gzmgl an 8%Zrefore a reduced capital cost) due

The Bozen peodpetdirpsfallsdyioyaviy infeladerminaiomehampaeinpt fapwn)iaiiaghed to the
botftat &Mfd @,Jcloh@ R QxcRuImeE Bir !bf:l&@ﬁ aﬂlbw@@@tpmhctaé pédéeroml tRd Bt of

the(cy Sl 2 i i e APt ol 34 A it e tnino
chamelfenr Ene teménation shamber et aitlockiargtopledmith geld ais frem therrefrigeration
syswrﬁya thishighce b cbbler 268H kaegﬁj%hé Hmb@am_f S¥fonbRERYg. fm%mwg
over nve a [ e
et Bhshted i EBP AP Drensiny st A2p 40 Bror el Ho
wﬂl@@ MRt UMY 2d2nﬁ!°!!@!”r Al faltroamtosgn mclimdwmnehmemc \ikrstingliiay 29 which
corbysHIRG FroliRt thRakds R Hidchry @eﬁ%fﬂé e¥. T@@ﬁé& sn@hﬂa@tléh and

duct
frogzB oA ey T eRies By P&ﬂ?ﬂn@@d&rm@@ﬂw rghepurca 5 gt
undegexthftbe trays2h Sthe sanfice dganapedhat bithe Bayeg eontratidodowingts tengibrio
ens‘ﬁﬂict.s%ngbrl]e?&?gryﬁﬁ Withéte Uéﬁlad rg) th éﬂﬁ:} nbpsshgwh)s The dried ALS (product)

| sl ng
exitg ﬁﬁgvghé%?'ﬁ?ﬁ'&&%’aﬁfuﬂb'e%mé e &?rge'ﬁsc?r%%}ﬂ taé‘?ﬁeﬁ'élfﬂd§° fug the
systanocantincaislg. Ohecarleaser would b epethiting norallydhiriag tiyingewhile the

othh.{}{lzcﬁﬂ:[ tgets ig&i?tg@gﬁp %e%{lﬁdn&ﬁmiec‘r ﬂﬁq\ﬁ %Hlﬁ'bb 9@fr&s‘hﬁ§l and 1s

sive onvent1 on freeze
An fppreved drying Fregess ioF a qyibeubstapge, @%efdmgé%@ﬁtf"ﬁf ARPeptinchides ene
or rasre atlihy swps bidling Yhd Igaidisuiistdnce Bers an thitanWmperalfurd, tfdmising the

|iqﬁd5&%§t5§ce sto'iﬁ‘a(t% pllr efelming %ﬁa‘gnc?e é?%e\‘é By de%&’ ‘fr%§zﬁrg§\ﬂ£’ gigmjsed liquid

subisippRb8) todiiontis Gutsolaipmperitig caoavaying th@frq#@ ALS intq & drying
chefipeYWhitinishedWingér adaciim, hedting tHe. frofer ALBIschso BfidoRBbAimation
ancﬁg ege Qri §%RI1 fﬁ%n w%ctln%nﬁéﬂmed {\Es?ljc;rlnltﬂlee&atnbgm its initial

ature tn'a chiller
A |.qu sgustagce maybe éeftapql tOcmeﬂny sum@nvq epniainingadiguids THesederavder
awieﬁhcluw (57013 Ld:bﬁee\/llqijoﬁ} pRatiacdubédss, ﬁﬁ@bﬁl)ﬂcal@tfm(ih&ﬁ%od

agI}CF%thuLg: hor%n¥] atﬁ% [)%%1 er'ng: %%Z/.ll ﬁ}o%@?ep??lF%Wéle;aimzo nt é’ff Ii(ﬁ;}d ina
substaped @@@l qnlyqv@mdmmaug aliovcaveshpariod ohlime degsadation ¢f he substance,
theFEfde Feitivhiads tayy @@&lﬁ&k@ isTHe6iFaBIR. ( n) The feed Is

The SO AL S cBAriboEmaY ps Srus sy 4y Lol dinveying
methiodstappathtusn dFof example, theseomayinclugleapneurnatiomietkods fmechamnical
meﬁﬂd@@%@@l‘ﬁ@al @%@lty a-gﬁﬁeﬂoﬁvé %’étﬁ&ﬁs}‘na?ragé %8 SQ&%@W I'ts

ectl.c reven Zen
In GRpse; LMSAATATE O s Ve e SAGOREL AP PrELE e (e PrOYIS N,
impravet! deying4raf8s21005 liduBbibSae€ Whidd 2 ) icl@e 089 or ragre afthe steps of
ch.ﬁ.ﬁ@tﬁé ﬁcﬁulé gubetaﬁ n?&x ﬂﬂaﬁwem@re %m.\svh&{h% nau.a é@d&taﬁl:e‘%o that

a P?FP‘QHW{‘%WQ’%C‘%% I$ ahieypd, %i%z"&}i}? %‘H@'SE%"Q"H@"SBWG&L%M t?
belsw iteeuredtic tampcheturs uoayeying thedoaen AlLSsintolaainied chamblewhich is held
eutectic tenperature of the frozen ALS. A fan or
bl ower 24 blows the outletyzgair streamfromthe
cycl one through a refri geratl on system In this
i nstance an
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5 evaporator 25, where the air is cooled back down to
its initial tenperature before returning to the spray
freezing chanber 22. The frozen product then falls by

ravity Into a term nation chanber (not sho
08
w&@%‘ﬂgﬁ to the bottom of the cyclone. ?@*’Nm"”’“"“ ?

air lock 27 allows the product to pass fromthe bott om

unc?Jr a Ig C)égrlhv%{}lgg ?.sttﬁ}&ﬂﬂ%té(%é‘rﬁa% fha&g‘gé ra%? hﬂtl&%&%tfrozen ALS

I nte V acu
V'acqiameraturﬂmedleré mviilenistravels thrpeohiiles drgingl cfz%mber %n:thatéh%temperature

grdeitfdlcanl effbck Ehbﬂﬁ%gbnfj‘dnﬂ dﬁﬁr@rmﬁmréveﬁtrnb a%mtm.gng amhﬁd“amage
L R el R B g e v
Thebtep bighillingradiswidrsgbstidnce giystakaplace ih g clild tol@0uce the liquid substance
from &\rlﬂﬂm&atlﬂé ’th'QlowléVl tElhp&atﬁéC IFHF@)QMHE @fkgnay'%ﬁé%%t feSiquid

ki S e P A0S bt oo e el e

a lawedt temﬁperdmredn'lyie chillifigsteyd i&epﬂonaluhﬂwemtit may assigt ahd réduee the
[ by a radi ant and/ or
codl i KAl ik iy

pl aced underneath the tray
Th% 9“'""191'@%'99 ?‘%!i‘!?éfeq @hwrsawfeén@how &pparalys that qap reduse thed
tenth@vdiurs oSa bubsginbe fram aR itkdr temparainiead & |oﬂreyteﬁ@emar$1 ORreferably
onfifRE B plroR bRAH Ry t’"&ﬁ*ﬁ*"*ﬁﬂi unl, Psd b for Sattple o
fef@fﬂator%’vﬁiate Berl exdangers elbﬁﬂé fltbé@e?freéehaﬂaefﬁ d’ﬁat Ry@ps, cool air
corfpBtioR Mpparatub, Yasliqiy cooliiftonaras aibdiier eOdH it joRhPdppactus.

Thg gﬁrlgﬁré%erqy |l| Q%}?giaw ﬁ?ona\ﬂ’p#g n% opt%e cé%n%ulggﬂ%:\é@é“g coRﬁguratlon

in \mrr reRi |t¢wgoewe|r¢qslpfapwé@bejwtmgufpﬁtmeQ@efft@rte@elratursulajdesired :

as Weipad étﬁtﬁﬁatlo?ﬁﬁ ﬁk;ﬁqlﬁl& sﬁt?tahﬁé_i‘l !fréfé&blty aemla._eiuoh REhY ‘g@fnd SibBtance
or RNDf e e S S chni 1 NQ. .11, gul upst anc

mey g ficfecHy, 4 vaTety bR PoyicR hich 2P inolEigho fie PIEREIrENBS). two-

liqudibazzierioreuetic tipe), cenfifugeidsminningrtiss), pinasonid nozeles and various other

rotg§ BicRvees aﬁdfa%%nﬂeatnkﬁlrécﬁ\{i&llé’sﬁﬁ ¢ bk EMBblofbd, subst ance

Tho B Thg R Sy S e b LTS o S SO A0 LG

Praferdigy tha atcargsatinn atrbeiolimgopt tﬂeeiqtﬁld eutetangd Btls take platinafspeayt
fres4épl i mation and freeze drying and then collecting the
dried ALS fromthe chanber,., Aliq subst ance he
TheTB eré AR LAY SaS e e AT S5 P T a1 Foreg Sy be
prodagedfod specifix anpredetermired gharticlasizés anddtie specifidatioual; or particulate
qualitl? ém%b?ﬂtérgl &Hgtéﬂ%ﬁﬁdhﬁﬁltlﬁz enftlf'é"égdy%eie‘?eﬂeratlon Spray

agriceutic
fregzST QRartion isjreally P°"“"F‘I‘fé‘s SR edaptage forify autpmadic sordil, where
resporizsttianes arerfastd Spral fredxingris ausanll apmic&tioh torbatty keat sersitive ardi heat

res%‘an& édﬂ@taﬂ?&r QMV'PP i |sogﬁp]:é&f3t g %@%@n’n ufatﬁ&eﬂr%gélﬁg may also be

ree" 'liqul
"e"(‘:'tﬁ‘?ﬂ/eyl ng of ALS to a drying charrber may be achi eved
A phyiseéachangalodcanslirethe NS eyiemthe temyickedure bithe ALS istreduckd)ithat is in

whicht ﬂﬁﬂ?&seuec{)rng ?rg%eﬁ%y rédﬂ&%d%j ?elWﬁxPl‘F@ﬁtb&lc ?@?ﬂﬂé?éiére 2 (L. solids).

Liquignnay bp gubimeled dromihs frozes ALS at algtey asﬂeén ths srqcﬁsaﬂe? prposed to
ataﬁiksaﬁf UreByddiedt arld ¥hefdylsslirc@ind/ or second aspect
refer [ y
oyrits BLE ety sy rBuyBlC e B ool R S PR EeY fiban provice
effigientragparaiish. FregenAlrndgrsesdrne sappratpd; With the gas keingupeycigd dechill
theflwmtsamstame tanalthetfwzae(sanowﬁs baﬁg)wnwae tﬁr&sghlthecumdg chamber.
an e a
subifiiRG Be fist Dtnge FrrB s Aud, @ﬁldzlﬁ Yeh BB ERAD frloe,
megos oftssarsiation of lisuiddtem the Akridastit the s hc@mneqndhgdwhe of the
frozen ALS into a drying chanber which is held 15 WO
2005/ 105253 PCT/ NZ2005/ 00009 under a vacuum

conveyi ng the ALS through the drying chanber, and
heating the frozen ALS
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via a tenperature gradient while it travels through
the drying chanber so that the tenperature grading
can ef fect sublimtion and drying whilst preventing or

i M sing any heat damage occurring to th
Wﬁ’a@gség’s%sﬁrough the chanber to a collection é’éfh%zg‘%m&”
the dried ALS. 5 The step of chilling a liquid

o p Ao RALER 202 SCraRS e MR EP Y e S R LA el surace,
Evemere nrefagably zthe vibratifisuriasediap Vidratingiray imwhichthgivibratiges arae

prdduéléd e pnauh&tcéuﬁe/@r mscrﬁhbéllaﬁs#mféuéamcawméamst It i‘s%dérﬂédéaﬁs to
a Sltora

iR il orBp i it bl otdhent i el K[ B g nabe ana
pramoigingaroviet] ha&tyraaﬁmtsmeamlsedd»amem he cooling | oadi ng
Thé @ |Haﬁ%| «EX cwiﬁg o?rt)rfe%tbsf d'n@@ﬁ@e‘ Ilcgﬂég rerhB&alGhy el ift Wncﬁﬁfected

I eve sul t r a ar atus t
by Fr@cﬁﬁ‘E@VF tf '8%’@@&?’@)’ gougee %?C'é afb%‘l d gevigs, Whic ‘HP V‘SEQF'“Q
drylirgytyag ipecferalsly tithaacdsakechieat teamster eltaractaristits ¢d the AbS ynd allows for a

mo‘FJ‘hr'n okt %%dggdﬁggl%d%yl-lggsxagg 'f%)é e@@éﬁ r§e r&@&b&bl@@ﬁ{eaﬁﬁfﬂéfxﬁé may

uni t rlg rators
be ﬁ@é?”'téwe ﬁﬁ?@éﬁ%‘ reed PrélquClga guitligtion ot e fozenlignige Pfs,tge Ak3t Such
suifHblEEergy @olircdd rhay fosxdmplelirafudainfai-at usuttir@aﬂvnbesq mictbwaves,

rao‘fé?l? Léé?%s c%mqergﬁicﬁ:h@e'g@rso Erlﬂ:e%n %@\9199 \ﬁl‘d&l{ ﬁmu?esc\eﬂgu%rﬁ%ergy tothe ALS

I'S ‘an
to mﬁw‘@rsvblmaﬂae pidbe f"?ﬂen f‘ff?@ k‘ﬂb‘r@ﬁ |°ﬁ*tb6 A5Sprocessi ng

Th@ %Brﬁdvﬁwf ﬁ&umrfroni éhb@ttahc“e? td fofh & dﬁwméduat byroanmﬁag@trrﬂew rdtés,
Ut ec

o relipiand b OaR0gle GebhaoPhGH Akl Bnts i fbiing
migrekigl@royih that maysausaddcenanst spoliage] Mgistuge removal alse eedupesweight,

whidg id d?@lgﬁﬂé’arm{\te?h%s‘g?fd di‘)hytrjéefétisd:r}?&@hﬂﬁiﬁi smﬂraﬁmuﬁéh as,
Chi S ste-radlathal Sara $1peRnces ey Rrindfd the 1By ﬁﬂpfa$lg°&5he'f te.

Thegetprexrtreatinents oay inskide substeacdsdo gnhanérepreseP@tiomt ar y
ofteh GEﬂyaPai@n é\péh lﬁdlfstrﬁt f4leT @cidw@@a fe4 Bl‘%ﬂ’éﬂ ?osber@NucQS |n SIze and/or

pafiFUEtEd [ AP A GRS A S e cBaEIP A D R tryihg of
maRnief ie adiloken dtdte aod maiemwlmwdmngjstagnjbkesgzlacés atlap absaute dressure
ek 37 A B LAkl 35 Radben SRRl 15 SBRPovaBe  the

are a n er o advant a
pregeqidmemion resee diiaf progut IxhuelemBy ﬁﬁqft%a@ﬂv adamagied fram iatying

chasfibes piage.f i ¢ or predeterm ned particle sizes and the

in éﬂE@FJgE&?fM QBrogéss oPthe fifkt %ﬁd:éélcmsp%@methﬁwd E@&Bdneé may be

constant throu tire
atopryised jig SETB%"%F{ZP’JH ac“ﬁYPé}Pa“\"Pé& of supptantiafly 8R0 misrongigemere.
AlternativelyLthel partidielsizdiaghicadd iway oy ledsithan substamtiatly S00aniotons)lor even

lesM%P%Fbsﬁaﬁﬁﬁll Caﬁnﬁér S/%Jnfi‘%afrﬁrg& theﬁ&@ﬁ%uﬂét&%'s{}%ﬁiréblé‘so that

1 on at s Ive an

theraé@wqudm"dssu%%@ﬁ &2y be rapigiraduced in tergpespidiede pelews il eyfegtic
tenfRfdtare O FlitHeH Atbidatios 61454 IRPidEalstatcs andsubsedliehtdtboLin@ allows for

o Rt SRR, B R e\ arb 1o B A BT S A Fod
transfey copragierististiuced to bel ow their eutectic tenperature
Thé bpparatSDdrisPRy freedsh Mkl ﬁ&oﬂ%uﬁt@r @Hblhtlcﬁﬁﬁgeﬁtlérr aiAduBIEIt may also

be 8{ CO- ceﬂ? 8@[{%&@@%* %tvﬁl p?arya% E?arputﬁgee§ éc?,lc? g 5 e ect a

Xpose era 38u
pha® o@yra;gemﬁt!@ ligyigs laﬁhs A}S. Fhﬁecqlﬁbaas cap effastia phase Ghemge causes

fre&AHyAdt ﬂélﬁdmﬂmﬁﬁé htﬁm@@@ﬁcﬁ.ﬁij suB&tancediRalls, M AlSS i lts Qécdﬁbé‘d tS Bt
a ed

ottty oo PG remeraie) S s osprlieRf BrR Sy Lpereee
and the frozen (solid) ALS being conveyed through the
drying chanber. Sublimation is the phase change from
frozen liquids (solid) to ggs (liquid vapour) for the
means of evaporation of liquid fromthe ALS. Ideally
the sublimtion and/or drying of the
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16 WO 2005/ 105253 PCT1NZ2005/ 000089 frozen ALS takes
pl ace on a surface. Mire preferably the surface naybe
a vibrating surface. Even nore preferably, the

%9{ Jig surface is a vibrating tray in whigdy\1360s/000089
ratrons are produced by pneumatic and/or

mschanl cal and/or electrical neans. It |s advantageous

eff&ﬂ thel dﬂ%’&&aﬂ@%‘n?%b%&o%’ 4ifd glgx%ﬁ%? eﬁ#‘éﬁ%&é %& é&@‘ye%@ﬂ%atsg Ehange
of ?WW@H‘“%‘HF“"‘E Wﬁﬁéﬁé?aylbé ugete at oni sed parti cI es. The

Thé b&it lga@&sea rﬁna(ylbe%ubéiérmamf’otar Ib£:C ev¥nIncré prefekdbRathe bdidigdstmay
e initiated and effected by the energy

beé???fﬁa@&h?ﬁt%ﬁ'?'yn 28fer gy source such as an Infrared
Thel ALS asnce Wbzehlredused 1oibeloatits e atectidrigthpegattire @sin thes be terivbyed to a

se&@% Fﬁfc&nb%r{b%y t&lge%feﬁwh?ﬂmigﬂﬁtﬁ{e sﬁ{)érgﬁa & bg%%a(g‘-lsglid

nore u orma con
sepgarafion devieRs fas instagge 8 8(6loB® capabl e of heating the ALS
Thegys sepalaceddioy thelbolink enag be FeiyinDande refiteratstCitiause ¢h the spray

fregiépl I't g%t él&ﬂ)e Jc’%ﬁ tJ t'hg é&ﬁ){i\lrée?w tg ?edﬁf:e t?‘lg @odﬁh@og@gﬁ {ﬁe
qr

evane?fat%r v b@i G@WP ﬁgJSE%tﬁ’l cee'é e gﬁsmﬁheﬁ/@gd to inglige grphase change of
liquidsih BeSALS: HOVR ST &y shmteegas cocﬂiﬁ@l appaYatekavaycR U8B, ith an

ot Ao SAOLE SRR, i d Gl R s may ot
reffigecatersriate heasfex¢hangarel shdliraprhiube thset@md@gwe andotherdedttiapsfer
unild’ d&gé&ﬂé ofBboffrfd da@. hd & fé%p@iafuré h@¥ah b §§pplled1t5 aﬁs‘f‘amﬁr@@ie‘# f{d¥orce

essyre red ure content o
a rigp e TGl e AL o T BliiHs™ 8By obi ar gr ot h
Preféralbly nweyorgenrs vacemand/aralr le¢ks iareciy placebataeantke framen AhS cyclone
out‘félt §ﬁh &y %‘ Eﬁ‘énﬁ%?infb“tor sonYmStﬁé? t)Jp§ oP;‘;rescéu%efal deRidk. It At erest

consi derat| on and transport eni cal
ad‘ﬁ"?-qf’?‘@d? REoMice gre g’d'?%e E"@rﬁg‘? viggs,fof ?}P‘g‘?@?ncﬁl%thﬁ Maeuum
withio trgedryibg chafbpr. dAlithout théadef of the&epress'ﬂ’elsek quvieed @ sultabie vhcuum
in t@)ﬁg‘nﬂ gh%ﬁ%rmp‘%%% mtaBIee BFE;E\R& ,o@ﬁses%@ﬁ Y&bdnRE- maﬁ%e

an 1 ndustrial scale require
partigiiagy 'Yﬁﬂk*ﬂhﬁz flthoggmanysutahteievicn fag PQ%'"%WGNB‘PUU"‘ drying chamber and
enguding the dniigathainberahdintiineishanaetmpy beatilisedl g

In fﬁnﬁerr %ﬁ%ﬁ&l}nﬁﬁtk ?r%re é:arn%gé‘?efqgéfétﬁg %r)s?er{J Wﬁncg [syé é{@é to malrétam the

ff%ﬁtﬂdﬁ@ 3t ajtenapemtyre delowiits gufeclisdemreraturg Sl fagsport@m thegyclone
to the aabulinopedriing chiadbet. At is adlan@ggedus tHatthe fmtamg.(s rdinting &l &

terrt&repeﬁﬁdé %Iog it e%te}éﬁc‘lQMé?rath% t{> mr’mmigé ?@ﬁ{?&du{e{ﬁ’e‘a it di " eeze

erab anaged
detpmmom@atmay opyr if ﬂ'@ Pé-ﬁa{ﬁb‘ie?b%t ‘Efgfé'fec'!lﬂe@ﬁerﬁiﬁ"ﬁﬁ oved
Th@lvawn:ﬁ opthewasimdhis &rfiflg thdnider i Bbafed &9 BuikBRARéBuUrelréfiction
do il qui d substance may be atomsed In a spray freezer
¥G achi eve a particle size of substantially 500
Thervasuumsresiedryisich suiphleprasauresedygtion dayvicgsimey be substaptially 600

mics B RH] R SelBt prédBisre biBss. SMB?é? 1dftrdbR the/ vaetiGm Bicate@ Aoy be in

bst
theRpngned BppeiRaly 2PRAoT P e t%ﬁ"fl@e PESHERI £ abl e so
Tranbpoit @oonveping10idhe Esezen AL threligh thesvaguitechampebeanrtalisipicg on a
vnbfaﬂﬁéiﬁﬁﬂcé th%%"fﬁ’@%%hﬂg%u?f&beb@& GWahr‘igStré?U tI'I?t&{;'lbl‘iitmg tray may be

o TSI A D i e aPlea e oo 15 cftre vbrationt

thegawt i cul ate product to be processed which allows for
enhanced drying control and heat transfer
characteristics. The apparatus or spray freezer may be
of a counter current configuration, although It may
also 35 be of co-current configuration in which the
spray freezer can utilise a cold gas to effect a
phase change of the liquidsi8n the ALS. The cold gas
can effect a phase change causes
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freezing of liquids within the atom sed |iquid
substance (that is, the ALS is reduced to a

tenperature below its eutectic tenperature). The cold

as utilised by the spray freezer to 17 WO 2005/ 05253
“%@P#ﬁb%w 000089 effect the phase change nPERT 0 0pso

air, although any suitable gas to effect a phase

of liquids contained within the ALS be

O R ey eoMgiReo A RTirgh BIoTeaisgra Hen ATy SERet gibimation
withdss yapewrgimoduoedbypsubfireatiab bying reenoved oy the dnging chbmbérdy @ne or
mbRBnde St BPURINeY - 20C 5 The ALS once

frozen/reduced to below its eutectic tenperature can
The/iempasaiure arlisnt aeress the dndpgliayds Brovidediby %b??\?@yiswcmych asan
infraaéctermitiing eleyicee (Homieverathé yse of bthe Safeagyabmrtesara eisaged, for

e@ﬁé@%ﬁn{,9%96129?%?503519%%@@\%&&3 for instance a cycl one.

c’gas S romthe cycl one may be returned
Therpipdyet nr@#uc?cb@f%n@erom dryia@progess igad appagajus is pubstagtially free of
||qa|arbtﬁérwi@e Bebst@aapldeel draat lehst sBtmyiallyreRiéed inlliQuid eshtsie

A 508 el B0l MG BB Gl TR CRBRR R

chwwggélqeiﬁ aykptange fromiap Lnlt@étemnemw@ tapdpwerinmpeeature,gtgmising a
ligGidistisdre eamaﬁ@pleuétgrrrﬁrma@amtw s.zarmay be atHi®ddd, cobling tatomised

i@ P8 I 3 T RO AR P e AR s e
drpmgmf@mbemhu@xmat\abﬁjmidsundgraavacumcand bpating dhetfrozsrc Alhgpeasdo
offRRGuBintiibn BRPreckE 8Mbahd theR bdiidctng I%tdrieol als %ﬂ'thmynﬁg

chHBersessHral At ateiste inapH AR adPgrtuq F ferinae B AR pparatus for

anAinBrover driieg protesd which mlfe)cllltatemrm or Poest o theekstaps ohehilling the liquid
su?Rér?ce\ﬁ%%mhlﬁ&I Y Herddirb, ait&ﬁ:lgl qdl@stm%éﬁé;‘e Qﬁﬁ%%ﬁﬁede{é?mmed

rozen ALS cycl one out er |
paswclessgﬁéneam@ph'exﬁaecoernqmgtgmlsed @oéiq eBpalALeY o peiow s
eutndtrcammagetnxs corveyingthie flezemrd-Sdnto adiryingmhamaberveichdscheld under a

SRS e M e
te’ﬂ?ﬁf?tﬁ@§r@'% Whilegt teavels éhieneh ste drying hamiersofeat E?ratH@y
grautént bh e¥fatiasubihdiion afy @giRg whilst mﬁk-ﬁutlﬁgm'hmﬁmml @ Redtdiimage

ocg.ﬁ‘nngqg rtl’#eI /-ﬁ_lg & |1 Q’as&%’ t{;}l%pé/hqhe é“ "r@glutgg c@ﬂ%ﬂ%ﬂc}uﬁg tge dried ALS.

acuum
It veqidd frg Fh’@fe{aﬁ@ bb'? W ﬁ@ceé??d'i‘/t?éiieﬁ%hﬂm* Hler%ePF PEthe ROGeRRaARdy
mdikoddlogy mag Be lifkad tofoinhe cortintias broeesss Atdoatintotsytodss may have a

system which is enployed to maintain the
nu&%{;{&gﬁ&@@ﬁ? a nperature belowits eutectic

In addigony prgeess yiich r'ﬁgcqnﬁgﬂﬁ%dde Pe runo9A qoplinueyhasisanaybs preferable
aslalt@ntinucud syB1em teliidsito Be MDRIBASITY.oplihisésfopprsauttiayiagir thdighput,

recit.{l}g%]éro es%(llng':jbg ngf Wgnpcft’iu%% l%':p rﬂ% Léaﬁ!gy%rs% g&llt%WoﬂtIinised controls,
a geogretaoresfficient proeess reductiani od)humarmnandlm apdieugontact withe

suﬂta?nc@é ﬁ/ﬁﬁh ﬁ#é9 Héntarhifat€ ey @Shérkt aﬁc%mawédéé@.s dEQ%blvéaé?ddliﬁ@

roQigiri) UMY HEBUR leBPul e Ry s et B ahe igirpi 8tnfly, Furner,
coptruausRtodegsing may sliaw fabiqvipmeriiesigesd ferancpiivised ealition for

coRfhYiok:eprosdasih@and abm.&mfreéﬂemampramcws Hg at sel ect
pr essur

THRYGERE R0 R opR e Gt S R a1 B e pe of 200-
40matuzron:s dfiiga Eib@ilamwnpusm@ofehe drylaghnehpobier allows fon theypreferenifal
phﬁé'l@chfaﬁﬁéz(%ﬁblrﬁﬂlaﬁbﬁ) lf @ ﬂbz&h&un&ﬁﬁ @Héﬂébﬁ@f’ﬁ?ﬁée CrHa shifthfation

e on a vibrating sur where the vibratin
mﬁ?ﬂ"”? feRounIdnay ke pé?fﬁ'iaP'M gk ‘é@by the Use 41 8oqbdenger ?'h%/p’ﬁ%ff e
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tray. 18 WD 20051105253 PCT/ NZ2005/ 000089 The
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therenying lchdretizo teringuce Sablialation aIrentainiggligoid in breell to kellieveastbsthntially
drﬂeF‘Iﬁo‘dfdysubé:Hr( her, continuous processing may allow for
equl pment  desi gned for an optim sed solution for
conti nuous processing and production of freeze dried

products.
20



35 The vacuum dryi ng chanber is designed to operate at
absol ute pressures in the range of 200- 400 m crons of
Hg. The vacuunous state of the drying chanber all ows
“t(g{oo#/ﬂ)g el eferential phase change (subli matiQiz49és000080
the Trozen liquids to gas/vapour phase. The

subllnatlon materi al (vapour) nay be preferably

PR EmEN s Eaﬁ@s @éﬁb@éonaﬁ&@ngs&%ﬁs{ce e bvaral pRE&SS! Sfhough they

enbodlnent 'S run conti nuousl

Toespme e dieetnIaglan el B Bk panosds oS00y sy aving
chaﬁEéMEa@QﬁbGDOOSQ freezers, separating devices
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I hUuous SIS
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invesyorl, ahd it BRApPreéited that théve Gre RGOS ivaables ivhith iwildidtata v

mf&.u%h aﬁg %}1 ?sg tg @Lers]% ég{s%? #ﬂ'%aohﬁr@ I Qrﬁgttlljlg g&ag?x?_%gcljat?d that design of
a ‘@P’éﬂﬂ' ehambepwillfop é@thm Hepalmet A awsemai«lw dhepge h@wever ii isdhe
cofbMetitht anatadvdnha@eQ Mv@fedtab&/edﬁa\t @fake titaAnbhti@buRahsiuct

exits

I whi ch e SHE &
Aspiet bR e BevR aesn SREAP4Ty Palof SRinER oB 3 fSnouta be
appregigied thatmodiéisaions and aﬂquﬂsemay;he@ws Herrio wmoag@@amag from the
scbﬁ@thé&@@f i RARRLIChE apRabddaimyst ens. It is preferable
that the surface tenperature of the tray is controlled
down its length to ensure 10 conplete drying w thout
damagi ng of products. Drying nay be defined as the
application of energy under controlled conditions to
renove the majority of the water normally present In
a substance by evaporation. The main purpose of
dehydration is to extend the shelf life of substances
by a reduction in water content. Drying may cause a
deterioration in the eating quality and nutritive
val ue of the food. Water 15 plays an Inportant role
in the stability of fresh, frozen and dried foods as
It acts as a solvent for chem cal, m crobiol ogica
and enzymatic reaction. A dryer may include a
vibrating tray, a pressure reduci ng neans, a materi al
Inlet port, a material outlet port, and a heat
source. The vibrating tray provides a vibrating
surface (upon which sublimtion occurs) which conveys
frozen ALS fromthe inlet material port to the outl et
20 material port. The inlet material port is the entry
point for frozen ALS into the dryer, and the outlet
material port is the exit point of dried ALS (post
sublimation). A heat source is used to induce
sublimation of frozen liquids fromthe frozen ALS
along the length of the vibrating tray. It is
t heref ore advant ageous to provide a series of
treatnment stages in which a |iquid 25 substance may be
processed and substantially dried or have its liquid
content reduced. The steps as described of optionally
chilling a liquid substance, atom sing the liquid
substance, cooling the ALS to initiate a phase change
of the liquids within the ALS, optionally separating
t he phase changed ALS fromthe cooling gas, conveying
t he phase changed ALS to a drying chanber, and
removal of liquids fromthe ALS by sublinmation may be
referred to as a series of 30 treatnent stages to
provide a substantially reduced |iquid/noisture
content substance. However, it is also considered
that the pre-treatnent steps may be foregone and the
liquid 21




substance may be inserted directly to the vacuum
chanmber (which is held at a vacuum pressure which may
be below the triple-point pressure of the |iquid
substance being processed). This direct injection may
result in the flash evaporation of a portion of the

E CLAIMS'DERINIRG THE'WNIVENTIONARERE | i qui d subst ance
reduce n.te such

t that, .
£ by e mefhar bt yna Sy Saties ing AU dd Syiiince ReBid sidpATies i
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o .
gr 32?%?%&92% %?g?%‘téb&@?ture%I'\?Eregﬁﬂe'bglbf}ghé l!rlgllé' irtt Bf the liquid
substS¥Rgtancero WO 2005/ 105253 PCT/ NZ2005/ 000089 The
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cal cul ate sl zin aters, notors,
spr aycoayeyiiadhe selertsd Fhe porties °F muﬁéiﬁ to achi eve the
pr es awtereih Esiirfad conaeyds thé cbwecaa@m@cmﬁcﬁpbttdrate WileR €ontrols the

are QHIQFnreg%J ﬁf t}/\gfazg T of cgll etdﬁg_ on to? ?ur?ag?t e or

i nfl uence conponents. It
shdulAl methed [as alpmagicnratc@dnthawhdr@m the ofte of gonvemng achieves
chamhgpstdhtdiy Q‘ﬁwdﬁbiapérqm&l@ﬁsé §EHLY &'fr‘hd?l t9§5<§1‘?ﬁhla’igbﬂ1 5&4 surface.

in the art -" howe t he ombi nati on_and

advarft Hl‘fé@?dc%n‘?)@?@a '%B@V’é 1t?§d¥a"ﬁaﬂ<é"'iefﬁ'%then5%lnﬁ ¢andensed by a
sui t adohdensitg désipect s of the present invention have
begn e oyl
apf)r e'g ﬁ% %@ %I%HX d/\@yafnyé%et &%@J{lgﬁ yd'?ét?gkg rtlie I%' k rng\?ed from
made &alﬂeﬂfhéﬂ‘@ew t hout departing fromthe scope t her eof
ass.def fragfddias dﬁﬁe@ﬁ%’}qﬁﬁ ot hrd cedlr% éiéim-gl'ﬁhéi:bﬂllﬁf&tlng and/or
DEFI NI NG THE, | hod
conc RSN e ARy %H(ggtag%éqcﬁm TR geere 8 bréetermined

par t ipartiete size of§|lLSpenS| on or a substance dissol ved

t h§r eA Fhe’tf%ﬁl lédd dﬂﬂe& n'ne oq'% f‘Me rjagéo(#rld']%?lf?\sc\nmwl?j@&wg and/or

enper at ure ressu e- pol
| i quuaﬂom@ua@f A dj@wd Byhstance ﬁgOGHﬁWQﬂbYétr@rﬁf mqmn%l@s
i ZuiaAl rﬁ;uhﬁt a@@a.mé@i P dMeosdafbRr preGediif Blaiisg viherein the rate of

frozen |i ance partio F ort ") .and a
o oBUA Rl 1 En CShoLPRRESPEPET chifapiay s Aonoiayer
por t itbinkness ofthe LS upen sabsuHageportion as a layer on a
sug f %ﬁretrf%ﬂ Gs FHRRYEN J‘.ﬁmﬁh %:h%r‘éH thée ‘nﬁa‘?‘.oﬂé rﬁéV Bé 102 tl%kness of a

the surface, wherein the surface conveys t ol I ected

FLS poag laversf the W%if’%fem‘%quaé% $iE & LS P‘Pﬂ"&’kness of

t he Imym‘thcm‘ a@OdIélmed ad dhid 8nwhéreins thef preéetednindd attisedsize is
as cl a'bqe @aal m1l, wherein the rate of conveying

achi /ggan g |°5F1° (F-a monol ayer thickness of FLS

pott i A methodaascelamedtie claim Sawtiesinr ﬂ'\aqnedeté}mmﬁdrmﬁdnjsme; is less

cl ai r{ﬁgin %JBB& f’f\a"pwsaoor claim?2, wherein the FEL is

condense
1. A method as clalmed in claim 8, wherein the predetermined particle size is less

than substantially 200 um.

12. A method as claimed in any one of the preceding claims, wherein the surface
conveys the FLS portion away from the one or more nozzles.

13. A method as claimed in any one of the preceding claims, wherein the method
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condensi ng device. 4. A nethod as clainmed in anyone of
claims 1 to 3, wherein the FEL is renoved from said
chanber. 5. A nethod as clainmed in any one of the
precedi ng clains, wherein injecting and/or atom sing
the |iquid substance includes spraying to achieve a

p{ e- griveesthaatep &Eb&bd;gmgethé b@lféc@ﬁ |é9esof lﬂ_s pfbrl‘ﬁﬁtb@d’\eaﬁng means
Cl al

d
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t HE. ALrBethort a3 daimed in Anyeted diaiss 1 tai1Fedhdrein dheaprasi@:t is removed

wher &b thé &&egﬁg&&fa@b BFd pwute reﬂnsva? 'dé\ﬁcé S

subst ant| al m or~ nore. . as cl ai ned
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I ess fronlthd clsdmibet diattheaddtiet /0 pm 11. A nethod as

18, Pt 8 Ul B P PR G PR fgShfnos
as clua¢dtederpeesamyfuistisedaiubsthrcep pea didiit gukdtaricathaving spli particles

t he WJSBQr%lonCd?%‘@B&aﬁd&%n&hﬁe@ﬂe“éu@n aWayI Lr gnm t he one

re nozzl e d
OHa" B BeBRd &b Bimedle AN e RESHUM GHmWT A geSlance s
t he stlegtedfromane oF mgre dfeheciolldveind: adslurayot coféde, Fquisl milk, fruit and/or

por t ating nmeans thereby substantially
[ ndué’?%ééds?%@' [ %‘Btl on and generation of a second

eVlp na@peeratusifeqdndngerpeneantretingor iquishsubsiepte eamrrisiva™ )
aﬁqd @cna?ﬁwgd a%amtﬁe &iyaﬂa @au&.bﬁldaaﬁ@b laRd ¢! ai (rjn 13,
ereln e ortion condensj n
ST Bhe of er b Qo s s o TecieBbratbaSars BrSARd to the
14, whaniErn t he SEL portlon is renoved fromthe

Changeéfgeéltl Wpl sﬁ?‘f%t \Pﬁgh a5l 43 FFEQen I% (E)g{éﬁcé) offi hr‘?'of@ne liquid

erein thé pro uc s re
convéyti’sftfg"%urface by a product renoval device. 17 A

Vﬂﬁt heges thbfpté&drel red@fiyn Gé\ﬁceQﬁalﬁiaaisrfﬁe &I?an?]tﬁbrrréﬁa pressure below
ere s re he chanber

he. ahepiitie BpB oy loRe BRI fautiaRiants. AR s it taue
t he pubstage ng sepamatanto wiezen hiquidh eubsisne goition (68 dottion”) and a
pr OC‘ﬁéiSe@ath?‘tléoqlqﬁﬁ%uﬁé’tQﬁée%ﬁ%n (PELSohloAy] d substance

aV|ng soli par I cles I N suspensi on or a substance
di ss8P & in ¥Rer tief LS Rprtion ‘ﬁ@PW‘%*%d &F ai'aeg op H\ea?aue%}wa surface
of t land psraeget dgayCtamh (2 ShB&IF endird) djeBtidIShABCR airste which allows the

thickness of the layer of the FLS portion to be controlled.

21. An apparatus as claimed in claim 20, wherein the rate of conveyance achieves
substantially a monolayer thickness of FLS portion to accumulate on said surface.

22. An apparatus as claimed in claim 20 or claim 21, wherein the FEL portion is
condensed by a condensing device.

23. An apparatus as claimed in any one of claims 20 to 22, wherein said FEL is
removed from said chamber.

24. An apparatus as claimed in any one claims 20 to claim 23, wherein the one or more
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sel ected fromone or nore of the following: a slurry
of coffee, liquid mlk, fruit and/or vegetable
juices. 20. An apparatus for drying or concentrating a
i quid substance conprising: a chanber and a chanber
pressure reduction device, and one or nore injection
por t dnjedtiod pghs mhh;srl%es bleledaslt Qhké §brsylbsdtaﬁl§€tldn5nolzﬂ¢ ect ed
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t he Fioktion @6 tsndt@raWas; fromqnasm&dn&u irfecion S&{bshﬂ%réiiﬂy rtra;e
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2 0. i SRR $8 iRt SR EA, DR Bifacleq el aiar Vibrating tray
24. _Amclu;j@parradiug:sd&s:tlm surfaeel in any one clains 20 to
clai %2% Feéé" e e Bim 86, ewhgrgm' e FdduBdh Rl(&!‘tlt)ﬁ surface

conprises east one sp r&x_or at om sat | on nozzl e.
25. mmaﬂfﬁérp&mﬁéraﬁ%meqhﬂpm iFF)-cl ai m 24, wherein the

nmlﬁe\ éﬁpa%@db@ﬁlai&t&ﬁﬁ aﬁy bAé byclald@twwmewhb:@msm Qay@f' of FLS
t he FLﬁ Rortion % rated to ach Ve ‘itﬁe eettlerme as it is
par t iFOME"sYRAE, 53 ¥ 8?);? rfams ’éP c"F % eA Ehireshe

of clcanvaye@@wayfr@b thererazimore imEctioresisr e reducti on

deys. o hﬁpa"f‘atg@%s eé(é?ﬁ?@tn? Qfémpli'ﬂgwhgr%m e Mﬁé ‘Nééﬁs %vbstantially

clained in gne o al ns wher el n
condéﬁ‘f’:ﬂcﬁﬁ S‘ﬁﬂ\é\ﬁ'%q the FLSRAMAN laygr|upgh sal '~’r”§fa°32§’ f°ﬁ(ﬂ a second
apparexapttatas liqlid(SED') sibstange potionandh piodact20 to 27,

V\’hﬁﬁ eﬁln ap%gfattfsz%dc?ﬁﬁbg% clzgr%\QZ & cfaﬁn ?9 %h%gthtemegtl%mear}s is one

I ger arat us
cl ai res ax@mbinatign ofithe rfdlowmglﬁ\etgyl gogreesdnfra- @glrlala@% halogen lamps,

| nC! RISt 8o nﬁ&amulaatér@nnm heat.hqeoffﬁtrdagtm@
t r%'/ p@@?ttsoaseqlﬂygﬁq Qg‘ga %E‘é ﬁ‘?q "Yl'lﬁﬁ'?j a gmg@gtd'ﬁglgval device

por t iimemployed to demawsetiie fnrodmttfrbm tbé eollettiamsuefacenj ect i on

P36 Sn ?ﬁp%'é{ﬂ%k %u%é@%eclgﬁ AN ARRA" AL '(‘ﬁocﬁl%t n?dggf%vice is a

in clal edtray and/ or vi
tray scraping means and/or a brushing means

37. An apparatus as claimed in claim 36, wherein the scraping means substantially
contacts the surface with the product thereon and moves the product off the
surface to the outlet port.

38. An apparatus as claimed in claim 36, wherein the brushing means is a rotating
brush or fixed brush which substantially contacts the surface with the product
thereon and channels the product off the surface to the outlet port.
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i ncludes a reduced friction surface. 31. An apparatus
as claimed in claim30, wherein the reduced friction
surface conprises polytetrafluroethylene (PTFE). 32.
An apparatus as clainmed in any one of clainms 20 to 31,
wherein the |l ayer of FLS portion upon said collection

Su3d. aeaprarfyPas Mbirhéd m ABAENEF TBARS3PB® 31, wierein the product is
conviﬁed amg% froq&;he ne _or nore injection ports.

33, ARTQYSRYAT GRemRer opUSt AR i n ¢l ai m 32, wherein the
hetl. i Argappeeatiss asudiasnedh tni aaly lope of claions @6 te 8% Iwhesin the cbémber is
t he (. [ etoforma
se(:or’-%ﬁi ég\%a%%érgggéecg}éﬁl?saéﬁgﬁy(é@éﬂeiH’QE%Et ance portion
and a product. 34. An apparatus as clainmed in claim32
or claim 33, wherein the heating neans is one or a
conbi nation of the follow ng energy sources: infra-red
| anps, hal ogen | anps, incandescent |anps, m crowaves,
or ohmi c heating of said surface. 35. An apparatus as
claimed in claim33 or claim 34, wherein a product
renoval device is enployed to renove the product from
the collection surface. 36. An apparatus as clained in
cl ai m 35, wherein the product renoval device is a
scrapi ng nmeans and/or a brushing nmeans. 37. An
apparatus as clained in claim36, wherein the scraping
nmeans substantially contacts the surface with the
product thereon and noves the product off the surface
to the outlet port. 38. An apparatus as clained in
claim 36, wherein the brushing neans is a rotating
brush or fixed brush which substantially contacts the
surface with the product thereon and channels the
product off the surface to the outlet port. 24 39. An
apparatus as clained in any one of clains 33 to 37,
wherein the product is renoved via a chanber outl et
port. 40. An apparatus as clained in any one of clains
20 to 39, wherein the chanber is held at a pressure
of substantially 611.3 Pa or |less. 25
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