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WO 2004/ 085684 PCT/ US2004/ 009241 SUGAR PRODUCTI ON
SYSTEM Thi s International Patent Cooperation Treaty
w@atoe08568ppl i cation clains the benefit of UniP@mus2004/009241
St ates Provisional Patent Application No. 60/457, 516,
filed March 24, 2003, 5 hereby incorporated by
ref erence herei n.SUGARERODCHNTIONESDSTERNEral ly, a
system for the production of sugar from sucrose
containing liquids 10 obtained fromplant material.
Speephﬁg Gidhafiond BHGR rCo%F) T éa Heft! éﬁﬂfch@&?&gﬁ%e benefit
ters ~sugar process | qU| cterl I CS
of §Ilgted Jratec Pﬂ;ﬁ/uS(bmﬂ)SPanmt @lpphbatidnzléo.sﬂ@jéﬂ pr@cess March 24, 2003,
liquid haVI$8 erred¥su ar process liquid
1w§%§#§@ﬂ§FW§ EETORERCHPYElce sugar. 11. BACKGROUND 15
Sucr ose, ClZHQZC&l a di saccharide, is a condensation
nol ecul e that |inks one glucose nonosaccharide and
L. one THGWIEW %L Fbflddacchari de. Sucrose occurs natural ly
in many fruits and vegetables of the plant kingdom
such as sugarcane, sugar beets, sweet sorghum sugar

pal Tene@lly S4l §terEBt € rxh@ctﬂ)ﬁmﬂuug@lf frEpICHRESe oRAUERE liquids
pl ants can be_ 20 dependent on the genetic strain,

Ob%rqd ferm ol imaterial i Sweeidealbh ¢, sugerapesss dighitl eqngifzoner that alters
sug@g IMS]&PS H{l c?llﬁrac{é?létg Pr(éin(% 9‘%%;{1) \X)g@éessd ht%ﬁ Ves chdtﬁﬁ{z% ugér process

hqpfdd(aeﬁgl eilt@redaﬁ@ﬂ‘g)rﬁfﬁﬁs/ hflladtchﬁﬁcteﬁstmgﬁ@r@fhyze Eﬂgar
concentrated in certain portions of the plant such as
the sugar beet 25 root or the stal ks of the sugarcane

1. Pl a@ACI%@R(ﬁmbre plant, or a portion of the plant, in
e sucrose is concentrated can be harvested and

the plant material processed to obtain a sugar

procgess |i d cont ail ni n anpunt . of sucro

Por St Qilglinat SopetHaP oty CBRUPSHI Talls, gt links one
eIVBRFRAbIAEEariBY ald oNé HMRfbsE 8hofRSlchetid! Suddf98dcurs naturally in

"Beet - Sugar Technol ogy" edited by R A MGnnis, Third

maag friitsrand 1ggetpbles of tigaplent3inglayas suqhm@ tsggzkrcanas, dleets, sweet
Sorﬁﬁvess%%r P e U R BT i et P e 2Hagts can be

eMnod &t Sindtiestrhiat asil oBﬁSrtlhzﬁticQﬁﬂacgﬂéawe'f_hﬂ%&oﬁamons during

480, 490, each hereby i ncor por at ed by ref erence
grwétheumdqlcwfz@tm olswed perruSEonueln241 thaoligatment between

g& E%@%n&%s én§g®1n8n liniting exanple, sugar

carn £6°%hi n strips called
cossettes (2). The cossettes (2) can be introduced a

cossette m xer i ) .
Sucrose may be concentrated in certain portions of the plant such as the sugar beet

root or the stalks of the sugarcane plant. The entire plant, or a portion of the plant, in
which the sucrose is concentrated can be harvested and the plant material processed to
obtain a sugar process liquid containing an amount of sucrose. See for example, "Sugar
Technology, Beet and Cane Sugar Manufacture" by P. W. van der Poel et al. (1998);
"Beet-Sugar Technology" edited by R.A. McGinnis, Third Edition (1982); or “Cane
Sugar Handbook: A Manual for Cane Sugar Manufacturers and Their Chemists” by
James C. P. Chen, Chung Chi Chou, 12th Edition (1993); and United States Patent Nos.
6,051,075; 5,928,42; 5,480,490, each hereby incorporated by reference herein.
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(3) through which a flow of sugar process liquid (4)

passes. The cossettes (2) traverse the cossette m xer
W@ 300408684 er current to the flow of the sugar PCDUSNE4/009241

liquid (4) in the 5 cossette mxer (3). As the

cosettes (2) traverse the cossette m xer (Séxggfortion '

of XNew refegaigolodigyretlhas apadimiting exanple, wigay 19 cambe sliced
: 7 85| Heui : o 2 .
o] b i S8 Lo R ARRT0N, Y Llsbelde 0T B PRB4IRE 2 chftte miver
(3) thraungf whickd flow af apaspiobessdiquid §4) ipasses. TheTpsstted (M traverse the

first end of a diffuser (6) while a diffusion Iliquid
cosgejte WheE3) sPuneraryrentitoibe ity @f thesagar(mycess ligyed (4) in the

Sfe G ( ioh f : - :
o < Do Tt ceare( ) 3%l (e S SERT FRLF U5} Binggtion of the
sucfosem the cdsseftess2p transfersitaltheSjow GHsugae processignid (3). The cossettes

di f fusi.on sugar beet . c ettes (2)_can transfer up .
@ gy QBYHPn ﬁ?ﬁ?&syg gP&%ﬁe%Bw@ﬁ% ?@gz%ﬂ(aaﬁfeﬁﬁé Q3 £ps&tEe slurry inlet
(5) &l PBGir¥iehl of @ dVRiseL(6) vHileod BgfusTFRURIIA A ehfeR il Bffusion liquid

cossette (2). The cossettes (2) are transferred from

inlet kP @ith¢ serend €8Y (Rt ofi the diffissst.t Bhestagsaties G2 tratergcdthe tdaffiaser (7)
| i neawhichodi guiod | | h
couhBaPETSpARM AR IR bsE B PUFRRE A AR e oo

cosdedtks (2 caf riensfdduy ©fBbiednét9 ettt porebit (P8R of WRtsBErosd dibhg with
can have a pH val ue of about 5 and is returned to the

a vagiety ok athey wptegialsiqmyithe pessetie (At dbeioapssttes &) asg trapsferred from
di ' i t. h N
e JEERREGTE, 8 HRSNRREN] ), 6P EATRRC D gy i

squéekpd ffrommthdr eosselitdst (23.er THeG)iquitit Rneel effdredhé @osssttes (2) is often
"diffushqg juice") returns the conbined diffusion

referrleg1 (P @ "PUP PresS ST &L qapdlﬂvg a(PH yalug od abeyfey and is returned to
|48 (LA ) art ' j i fof

e YRR @)y RSP LRSS A HEITG) 0

combiimpuivith (8¢ diffiomoent Hquidi f7).usBre {6y ofesngheprosgdsi liquidt(d) from the

ol AR TR S Shk LSS R B SNBSS,
(7), pRIHpress fidhid tug),%}%ﬁﬁé&iqﬁd(@f thit3hay BE ﬁmfddaé!\é&fnto‘it?&g)%ﬁffuser (6)

process |1 qui ( entering the cossette m xer
to ther epseltsmixer (. dbs &f swigzepro¢@y liguidr(itefromuthe diffusen(6) may be

.1 h cosettes . (2). The.suqgar.process liqguid.(4
solit 5o SO PP BT sisatis o SR SRR REEPS poBied it e oy of sugar
prodeed B ¢4 ) 3 iBSturhatl the c6fette MR ¢3RN ThEHBY oi’!shgé_{rgﬁbéééﬁliquid
met hods of transferring sucrose containing |iquids
(4) enteringibarrossetie arixenl (3) Meverseetbosassstin miketi @) nourdstaeyptent to the

S fi.qur, a. diffusipn process f .
cond 0L IR B 0] LMot U0 PERECRRR ) i oten
refef@&s aetnrew piieees 30 passed through a spray of
diffusion liquid to transfer sucrose (along with a

variety of other materials) fromthe plant materi al

S o P AT g s

fronc pieait shabriad. tAY auwgtondohdelimiting sthingae EnsUuBdtvnCiBnehe figures), a
..Jjuice fromthe plant material. This 2 W 2004/085684
diffysgery pIgsess ApTowgaugane utilizes a moving bed of finely prepared sugarcane pieces

passed through a spray of diffusion liquid to transfer sucrose (along with a variety of

other materials) from the plant material into the diffusion liquid.

As a third non-limiting example, a milling process for sugar cane passes sugar

cane stalks through rollers to squeeze sugar cane juice from the plant material. This
2
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process may be repeated several tinmes down a series of
mlls to ensure that substantially all the sugar cane
WO 2008083684 r enoved. Regardl ess of the process oPCTES104009241
utilized to transfer sucrose fromplant 5 material,
t he resultln% sugar process l'iquid %4) cont ai ns
progese mpsiebe reppated sVEEe tignes shosincreseries g shillateeensurfhtbat substantially
I LANegs may include all manner of plant
dlgﬁguéﬁ§a&§ﬁ%§ﬁgﬁces gnd non- pl ant derived substances,
|nclud|ng but not limted to: insoluble materia
suc% pl ant_fiber, soil artl cles, netal parti cI es,
estetletrebf ithe PEORSSS OF UBFiBod milised dp stransfps hsugepse from plant

mafeBAf kild ?e@ﬁlt ng gﬁérﬁ’ i)?oce%aﬁ&ﬂar (PEshtahd gﬂcr&eaﬂor%gngc:r(g% substances,

or ganl C an ani c non-sugars,
and( siatsh. aghacedn- mlcaISﬁdsubStahmt mayamlclhdeoaﬂl Dadrmet iof plant derived

ol uf b5 55 RLRMED 55002, B2 T ot

mateHSI seARHD IpPant ifibes) sofdpdFl 4 Tned] }Hﬁgﬂ‘&s b BiHeP ﬁ?ﬂnso and soluble
pectl ns; colored raterials; saponi ns; waxes;

matgmlﬁ SH@‘I tas, dertitizerh @uﬁroa@swcms ot thead swwows i |c&gamc and

s i vatives t.her r ef. n
inofapic A Bl PRt S5 e e 9§ Befh L it b b she acia)
dlssiolﬂdl ghsé¢sA)suclabs €9,pK0Lr @OW bivtéing iheiRasic ‘h&d@e%l’ﬁ'%ﬁﬂates metal
about 5.5 pH to about 6.5pH up to a range of
10n%6@me><&111pk prant alugbieus, on rre,gnpsmnelons)s@r pen:tlpH eeroil gaterials;

sap&ﬁﬁ§ s ork'a’csS l(’)% 4%3&1? oseiébls Q(?rﬁ%hcqlo oc1a tng'(gd Zlagle{les or

process fqu d ach err respe
derightesisthae@®i Nnts. This step is often referred to as

"prelimng" can be perforned ina nultiple cel

prelimer (14). The term"prelimng" is not nmeant to

li _ i
| KSRl PGB UERGES SPULBIIR procs
liqud/ 61) eaised id tfront efithin 4 tankbio$ betsdieh iabutd.5 PHIE adbut 6.5pH up to a

h d dth
range B DR PR a0 R Bk, L SR G AES 1y 6he o caign mon-
suctdSe Satanady &)nﬁﬁ’néd' 1'hStfle Hﬁgak ??&e&aﬁﬁlﬁ gi)rt@'rézfchztﬁelp FLsBEctive iso-

sugar process |iquid lor to su
elecgiica ppinitss atTihim step 1qufteh| mmedntosaaﬁprehﬁﬁhtg @mbbe@aéMned in a

mulfp Ricell @ im S B i PRl b SB et ol sltpatdding
basd\@Ssucfost 24nBBfing Sughb Prot8sk li@fidd 8 sbidkeio MBsd cess systems that

exchange step as described in British Paten
refen tihgs adition pf basietae dpsliating'. P&aténm itNgwonld3he BB rst&@Dthat in the

EE b It el e oo
pH &t @igebp B@Es@ﬂtqui‘ebgr) gﬁoﬂﬁﬁsu%@équeﬂb Adedfinfi®n o?pﬁﬁﬁea’i@% steps The
4,182,633 or 5,102,553, or the |i X

su S&ﬁuwto}aeﬁﬁqan@rr and pyrikeasion stepd cge inyive bﬁlwrtiome&ﬂer;, as descnbed
t t he .| |
by GRSl Na S0y b tsc OEa 6 BB fromapee step as
des@Lb@&an?ﬁthhOPatéﬁlerl k@43 QOZ,DbeQBﬁt‘e‘d Statee Patehh alosadd 618, 589,
active materials to the final
3,785,863, 4,140,541, or 4, 331 483 5 466 294 or the like; a chromatography step as
described by United States Patent Nos. 5,466,294, 4,312,678, 2,985,589, 4,182,633,
4,412,866, or 5,102,553, or the like; or an ultrafilitration step as described by United
States Patent No. 4,432,806, or the like; phase separation as described by United States
Patent No. 6,051,075, or the like; or process systems that add active materials to the final

carbonation vessel as described by United States Patent No. 4'1,045,242, each as an
3
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carbonation vessel as described by United States

Pat ent No. 4,045, 242, each as an 3 WD 2004/ 085684
weEFOANSEE804/ 009241 alternative to the conventPOMEE2004/009241

sugar process steps of "main |limng" and

"car bonation” each reference hereby |ncorporated by
altqredtivedn dle ReP@RHonaf isagararesesh atsps of HielnkmirgfiendSisabbnation”,
.Sin Hofajwce 5 or

eacﬁ@é’fg&%%?ié%rgﬂ%ﬁ%%%ra CP%}&SG TR fﬁ@ but not limted

to the use of lime or the underflow from processes

that utilize |inme, such as cal ci um carbonate sl udge

( 13Vhe semy e lanlé% theuse pf @ﬁyﬂga@ﬁ@ﬂ CaRAPI6 AT TIBIAE pﬂw@f a juice
or &%&1 @{Q(‘Jéﬁ %,qh IfCH.Bln }5121% I?JO?T: gillté Q#lé/ SS% (;Jl’lgné ﬁ e I fdnﬁerﬂow
fromgiradessas @1@& mlﬁhaé hme; such hecdloinm @frbodatdmﬁdger(e:’») ﬂeﬁovered after hot

hm%l%?%g:]cratétgm%ﬁ&%na l CI u éltﬁ%glr'ﬁleg‘gg a!:l;lry of 0 Vgg‘élel specific use of

qu1€19 '1r°n'1e3b§ c%fcnﬁn%&é@@snﬁir&@d GB‘y ﬁ@itﬁfguéﬁlaﬁﬂf @%@n@ﬁll in the form of
(Ca(OH)2) in water produced in a slaker (16) Vn

limegsioms) ahansmewl to hfonnln eal€iphi cmﬂen@ 5. eMlﬂq afilim€Ca@etfri@l in many juice
+15. term o-electri ingreo,
ProF) oY VBB I SIS i) SRPAorL AR Ber Y B in water
profiidedlin alshkeSUGH irAgechfdah&l Wih thM thlbWinkeackidgar process
liquid (4) have zero electrical potential. Wen such
di ssol ved or colloidal materials reach their
designated iso-electric points, they may forma
plurality of soli@QHlz® &t £8(OF)odéd Gele, or flocs in
the sugar process liquid (4). 20 Floccul ati on may be
further enhanced by the addition of cal cium carbonate
matefd t'BoJePécﬁfo Rmt"cﬁwt)%gtth@gﬁ Ly \Jh@éHTH%s&Qécle oP"colloidal
substrate with wh the solid rticles or
mafetialsc ghekt s ms@om; am‘éun The sugarooesessi lnpridddpharheero electrical

f . the rt C there
votpiyff WHSh Hitp StV bt dhfoitet iferei ooty Tosir SERERIALR g electric
poiR@/ He§! By ForoA e Blurdlts of25lidNshriidled, rdRIRWAlor QY hh@e sugar
juice. A conventl onal " sugar process nmethod further

propess lifjidd4).he process |iquids (4) including residual
i me, excess cal cium carbonate, solid particles,
flocculant, or floc, to stabilize the floc or

parplb@élﬁmfnom@rdbé Futthe aiRhéddl BY b eqidithrC F talBAiM carbonate
limng step v&got 30 shown in Figure 2) may involve the

mat&a@thttpowlqsff iefufungtionslbr fonBaccoreqari wbstba}e weitly h‘thlféf the solid
ol R Sl UL LA ARRETE iy o
parficle ehiathy excilitatigt eefiliratimudr SAGnp @fabebol#Dgartidles or materials

and their removal from the juice.

A conventional sugar process method further purifies the process liquids (4)
including residual lime, excess calcium carbonate, solid particles, flocculant, or floc, to
stabilize the floc or particles formed in the preliming step. A cold main liming step (not
shown in Figure 2) may involve the addition of about another 0.3-0.7% lime by weight of
prelimed sugar process liquids (4)(or more depending on the quality of the prelimed

juice) undertaken at a temperature of between about 30°C to about 40°C.
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WD 2004/ 085684 PCT/ US2004/ 009241 The cold nmain |inmed

juice may then be hot main linmed (17) to further
waoelegnagiesi nvert sugar and ot her conponents thaPCHUS20040009241

stable to this step. Hot main limng (17) may involve

the further addition of line (18) to cause the pH of

t heThe peld maindEnebiuicsmag dhen be hat IU@V‘ehm@fl (Bex weﬁlﬁther degrade
- ion
@9 St Bk Bp GG S B ol Halid Gt et "B BRRGRRe 17)
ma;aflﬁﬁﬂt/@md)ﬁlrﬂleeaddltmg @ftttint i (08) & chasethorpH ldfnle tidned juice to

. deconp articular, hot main_|im (17) of the

INCEFFAO apféés%léﬁ;’ F opi2 REyio ahewil 2perH- h%hﬁorﬁtaﬁu ipjagprtion of

the %MluB%rﬁdnagucﬂﬁQ ‘Mﬂ?&’?‘i@ th%[‘w@f dﬂd?‘é%&te& ‘Eg?i ece rb?idﬁﬁ)lndo]? ase or
am des, and other dissol ved non-sucrose

limafte éﬁ:complosb dn phdiculagihot tiair lutglr(g](TY) oftthe sm@r [prddeﬂﬂéldlmd (4) may

NERDNET SR Y T
andC@RerBssoFRdabAsacrved Mateligishai n | i med sugar process

liquid (4). The carbon dioxide gas (19) reacts wth
resi dual Iine in the nain limed juice to produce

o SHATL LRI BB sy My s M e

subﬁdc‘_télﬂl tbab|ﬁ/rsﬁ|@@ﬂbbnétﬁ)n95%%) by 8yveh Gitticlofcattog di@gidéUgds (19) can be
[inme but also the surface-active cal ci um carbonat e

cornfrined Wiithahe maig)liped sugaprecess dighid (). Ahe warbongdioxide gas (19)
£
oI SR B IR0 AR 3 SIS AR g e
(1 3]rr]1¢a1yslﬁc:1gmc NIoDOnl&Snzlaay fefidh&lrhrﬁabd renmxfeﬁ&;ygth%%ﬂr?@dui&eqmﬁﬂ@lly about
sol | teria s romthe inlime 17). and. .
95% s i %émaf P e dpalg imeh obutasc g SPiLerE-actiyarcalsivg edggbonate
de16%)mept nat €Ron.
SR S b
subsinecgﬁs Fllr&wrmn@, ﬁleepféclum saelmmmcb pacipaaat(il nmay epnctiods, a filter

s R e TR T b L BT B8 ctonse

juickl(ePs as above descri bed, or conbinations,
permut ati ons, or derivations 25 thereof, to further
clarlfy or purify the juice obtained fromthe first

carpona ste res I ti cess I| ‘
(o RO S B3t ool 3 RSl FEpenflon Step (19
mafﬂﬁ:ﬁ be sidbjs e&’b@(ﬂ €NadiliQtiall Enidy §tb§st H@eftm@%&gs' AdcoRd carbonation step
e

nple, "thin juice" may be thickened by evapor at i on
(20bfﬁ1@rlpg steparmembrane %@fdﬁra%hﬂém chypmpsitedraphy sapgmtlon 3ps, or

P d ti o ef erred
ton REREAERS, ol et PR, LR Iif S peBulofa g, dgvations
theﬂé@fltte Fﬁlrtl‘ia)/clbﬁfypef fpﬁflfﬁﬂfhel Jui® 6Bthinkd TEg ehe FiRROEab&Hation step

q(% Now referring to Figure 4, as a non-limting
reSUtRgH) ESIEHHEOPHHF i) é‘-‘tﬁ%d tp s Sbasjuice qui d (4) or

"thick juice" mxed with other sugar process |iquids
("thin juice", centrifugal
Now referring to Figure 3, which provides a further non-limiting example, "thin

juice" may be thickened by evaporation of a portion of the water content to yield a sugar
process liquid (4) conventionally referred to as "thick juice". Evaporation of a portion of

the water content may be performed in a multi-stage evaporator (21).

Now referring to Figure 4, as a non-limiting example, the thickened sugar process
liquid (4) or "thick juice" mixed with other sugar process liquids (“thin juice”, centrifugal
5
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5 WO 2004/ 085684 PCT/ US2004/ 009241 wash |iquids and
syrups) and renelted (22) (23) |ower grade sugar
w@eongsdess generated are transferred to a "whi PEI/psavi4/009241
(24). In the "white pan" (24), even nore water is
boiled off wuntil_ conditions are right for sucrose or
wash Jigidscandsyaing) sl ipmslied E2D4d3klomer geage lsugardiystsle generated are
t. th S r : Al st r L. .
rarrlf g SRR £ nE TS RNRhE B SRl o pgited oft
until obtigibgs arey siphl fdrogutidsk ait. sUAE Rryfstids €F yBdval SBEavse it may be
. fgrovvn the resulting mxture of crystals and rennining
difffqylttp gridbe sugese Prber<aystalytn gopayelbsamsscakyypialsed sperose or
"\whi C j £ g T ' .
sw.lgré’;rr %rg‘g?gécﬁoqﬁ?%ﬁé( 4#9[% fg&n&?%%n. ! !\%ﬁf% gfegdggﬁﬁg géﬁgg{own the resulting
mixtura s testatschnidaemhminghthifkenalsuganpro¢@6 Jighml (4) can be separated in a
. .ecrystallization. The "high raw sugar. crystals" (27) .
whlehizifiee’| (30} nde i nﬁféwg%rproqe%ﬁqlaﬁé‘%ﬁa%%ﬁe&fﬁme pan’” is
trankTePra & thel- i BRGNS VB foPFRBRAMizhHoh. THE ShibHlak¥uddd @rystals”
ran"Shi h rave\:) cegr?t r?fe%ge'@?Zg) a%%l rlet u(r)ned to 1?hea " hlilégh ystas
(27hedreeated by “highbew peoniiaed wipetatddnizonithethickenek sugar process

. Juiee",  whil e the thicken rocess |iquyid. from

tiqh b, ¥ e o e E B RO LR Red lether dllme G 22) o be

conftiedP@ith iheMling K 119¥ET AMilBaRe Thibidned g;wcsetsﬁhqﬁid((a%om the
are returned to the "lowraw nmelter” (23) to be

“whitsnipAnn d@nistcrypiebiepddn the Howkrapupae 9¥hdhe ey mwgpan sugar

L€ e [ guj PN t o . AW .
el eHR58, SUOREA RLARET5y bOLLEL Nl B0 OB foomin
“thith j@ise”. MicazaRiiing THickedod Suigae pysdesd Bqdid o) frbva thakiokeraw pan”

an' (31) after separation fromthe thickened sugar
(29hwhich dsnqtiremiyHaliired s seferipd teasc aplpssesige” can be washed
("high wash") (32) to generate the desired color. The
“hi gh wash" (32) fromthe "white centrifuge" contains
a ZChessuigst enybthBl franuhnt'white parcy G4 ¥ afercsepsratien fitonethetthickened

the "high l.ter" (22). The separated sucrose or
Sug%rugwser%qgug t%ss)gvié‘?eecqnﬁéﬁ-}g?fam rvedied ¢ BEl b ) (32) to
gentélraV@ﬂle Bhed QIR IR High agg@r(z,zA);ﬁaﬁttﬁ% Swﬁﬁg)ceﬁtﬂ b dbfkains a

he desired noi sture content. can be understo
substantial tahwuab ol suanese- dnidnist ietvgnasix wnthk 6 i ghumeltenti 22y flde swharated

25 sugar proces i j ds. and sugar process pr.oducts
sucde 3t Sy B RGR re et B B o RGeS & P B i he sugar
crydthlS 3 1§ BOIRhaBbsidR nedisabe coint ds compri sing the

remai ning plant material; solids separated from sugar

process liquid during clarification, purification or

refining, _S [ oL, sugrose_contai ni.ng j ui ces;

cr y/a ST Py BRI gad TisPT HircThoyE ORVHUPE e eBIES nppsRus types of
sug&d ptoEaab liggiat bAd s@ar PHIRES HodSHE hikSRneiedbyOsl# Lo of sucrose

the process system and various 30 conbi nations,

conséning dignidofiem plantdmeteyial i Sadidls tempeising thacpmpiaingnpleat material;
Jevel of Lhpurjtie opsi.stent with the pr SS _ste e
solff S FRE hsbl Bt idEele b5 PR o oF Bning
sug@OY Qutésen@ntatiagdaices drogtaltined siigap@r Wuctos&idmother liquors from
product produced, including, but not )
crystallization of sugar or sucrose; by products of the process system; and various
combinations, permutations, or derivatives thereof, each having a level of impurities
consistent with the process steps utilized in their production, or consistent with
conventional standards for that type or kind of product produced, including, but not

limited to: animal feeds containing exhausted plant material, such as, exhausted beet

cossettes, pulp, or bagasse or other solids or juices separated from process liquids; solid
6
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the SHORE SR inbilE oREL B oPhdl BubBial bt Py Sarmariy eagerated
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is meant to be ilTustrative of the
numerous and varied products that can be generated by conventional sugar process
systems, including, but not limited to, the sugar process systems described above, and
other sugar process systems not specifically described but understood inherently from the
above description based upon the type of plant material processed or the final product

obtained. Sugar process systems encompass numerous permutations and combinations of

individual components or process steps which can result in the same or similar or
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conBR RLBH SRR Bhage MOETOR) 30 ol i B s carbon
dioxddd (@S,)atoatissolve intoi thh jeinalld)es aabdate iods 6RO, 0L£aRpicatbonate

) issolve ipto the juj (3) as carbonate jons (C3B)-2, . .
lonsgf#ég)é - bﬁtﬁéﬂﬁ@ﬁlail%n o1 g0s Hc%@-%ss WN%rYd’i’%ai‘c?E}datﬁ%‘ﬁ_e‘@f» when juice
3) %@ém B %u@@&erﬁt_n\aﬁmfﬁr Yeadtioas ks aumveﬁgfésrved wz%lt 81 Garbonate

contains an insufficient nunber of cati ons
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HaEly R O0GAotoChi gt CaRRBANE S6kS ) F PECEISRR! HOhSuges Brocess
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sugar process liquid (4) are processed. Simlarly,
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lowa" f&éﬁh,e\%encérﬁtghlogr%beﬁ ll'i%ﬂida(ﬁ) %gﬂtgfng "Wfficient cations, such as calcium,
sulphites, such as calcium sulfite can result. However, when juice contains an insufficient
number of cations to allow dissolved sulfur dioxide (SO,) to form sulphites, an

equilibrium results between sulfur dioxide (SO2), sulfurous acid (H,SO;), and sulfuric

acid (H,S04). Sulfuric acid and sulfurous acid can also act as strong acids.

Additionally, other inorganic and organic acids can be generated by the plant

during normal growth and other acids are generated by microbial activity including, but
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sul phites, such as calciumsulfite can result.

However, when juice contains an insufficient nunber
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Another problem related to the use of base in conventional process systems can be
disposal of precipitates, flocs, and calcium carbonate formed in liming and carbonation
steps When the sugar process system uses one or more carbonation steps (18)(20) in

clarifying or purifying juice, the amount of calcium carbonate or other salts formed, often

referred to as “sludge”, “spent lime”, or “carbonation lime” (13), will be proportionate to
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these particles with water to generate cal ci um
hydr oxi de. 30 Another problemrelated to the use of
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qcaIC|ned lime, |arger carbonation tanks, or the
Spepi IR \Whet her spent 1 me (13)(35) is 25 di sposed of in
ponds, landfills, or by recycling, the greater the

amount of linme ( 15)
Another significant problem with conventional sugar process systems may be an

incremental decrease in sugar process system throughput corresponding with an
incremental increase in the amount of lime (15) used in processing sugar process liquid
(4). One aspect of this problem may be that there is a limit to the amount of or rate at
which lime (15) can be produced or provided to sugar process steps. As discussed above,

lime stone must be calcined to produce calcium oxide (15) prior to its use as a base in
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utilized in a particular process system generally the
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_ process liquid (4) in the sugar process system
lim¢salis daswgaupocess bawd, (43 uchichsare inpe nradpitatedhdueihg ghe steps of

. equi he .use. o arger..cont.ai [ eas
preliflR {183} WiptFRinaf b 8 SRR o b diongithefess. must be
remDIEE froiOdugaEpdteds Uil (4 QridRed Befpofiti@fiof iveadt fr@h Olie Frice” to
wi th conventional sugar process systens, can be i
preyqnges geduse jseale deparatiop de ég% eyangater- (H9r Rste.axalaiythe calcium
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“l__‘i,quid (4) prior to evaporation of water from"thin
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limitedrto, mests dus tgprodpetomeseswdbwor itk effitjenay f@sses, or the reduction in

c onatiop. However, "thin" or "thick" sugar process
the ffdRGS

e OheqUgiReitn  sufficient calciumto force
oxal ate out of solution as water is evaporated. The
process of renoving scale fromthe surfaces of
equl preemtvedimespls pxpeios¢waporatioe isiggds (1) tbatfeeiot redoction of scale

l[i.mted to, costs t o _production. sl owns and )
depgyfip i s, 5 abas 1. el date: 1R (% FRLBE Rl veh an
aniod E}&:h@ﬁ%e@QM)p\ﬂEi@h bindd EBABNSoh itoBARN kcPAdgredif in exchange for

evaporation steps (21) to affect a reduction of scale
the release of two sodium ions which are transferred to the sugar process liquids (4)
(certain conventional process systems do not remove limesalts prior to evaporation). The
calcium ion bound to the anion exchange resin is released by periodic washing of the
column with a regenerate (35) such as sodium hydroxide solution or sulfuric acid solution
depending on the type of exchange resin. The spent regenerant (35) primarily made up of
calcium ion and hydroxide ion in solution(when sodium hydroxide in solution is utilized
as a regenerate) has a high pH and can be recycled prelimer (14) to supplement to the

milk of lime (18). This can be a benefit by reducing the amount of milk of lime (18)

needed to increase pH of the sugar process liquid (4) in the prelimer (14) to achieve a pH
11
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2 15 pentanone 2, 3- pentanedlone et hyl propanoate;

pr opyl acetate; 3-net hyI but anentrile; nethyl
ms { ;Jg{a%‘ oriéﬁr%g Eglinpoun z%llpayl 1%1?}6 g&ﬁle’gtog are thg %ectursiors to colored
com?@@ﬁcﬁt Whick chEbb )gbnéiraﬂé& ik PP bid Lendpdt@u@NEtheRBgar process liquids
hexanone; ethyl butanoate; butyl acetate; 4-nethyl
(4) ase slexneniduring preliming (kb #ne hgt mefmiming B ahshgarqueesse system
as a@ove ?%%@Q%P %rocgssgl patbg s n,gp(;) §%¥E218JY érfl %ﬁged %%?1{/ ﬁgeq_l:, with thin
juicd udlan apdtut 2,000 réfodeyicSbaseaRite p{RBLD}{dT@dUcI@a final white sugar color

2- met hoxy- 3- T(
of about 43 R o achieve a “standard” white sugar color of at least 40 RBU the
“white centrifugal wash” (32) must be adjusted to bring the color of the “white pan” sugar
crystals (33) from 43 RBU to 40 RBU. Adjustment of the centrifugal wash (32) to reduce

color also reduces the amount of sugar (33) produced by about 0.65 tons/hour.
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met hyl propyl ) pyrazi ne; al cohol s; al dehydes; ketones;
vol ati |l e acids; carbon nonoxide; carbon dioxide;
W@ ioft8sesd oxi de; esters; nitriles; sulfide; pyPeRUSING009241
Certain organi c conpounds can be highly colored or are
the precursors to colored 25 conpounds which can be
gen@mcah@oslmﬁmt arble iy eanyertigfal shgar puegessipg Sxséerss may be
low%ﬁlltl ?ﬁué r;ﬁr(%egs( ﬁ%}f Msakﬁqex Harségagaspr eerc%trl%%cg %f% S&? (éo total dry

ar- proce8e

soliad ey &n fb@ﬁﬁ&d@eqiq@irdo@@s snypg:aapothte lﬁgIEJ&QhE QRBfcepahticiayf etal dry
sliced sugar beets, with thin juice color at_about

solids Uwgwé]?r@ff%ﬁﬁé@%ﬂa@é lnFiidise erpef e dhawedescaivpd maferals or other
mat%@%lgé,ﬁr Zérfgf,@r Oe{moﬁlft AR 0543 Rﬁ? as?ﬁg%sg\%%ﬁlt h(g)’ 31.86 less

sugar col or O
desiratfi¢ ttiee eegur rprf)sbtgalhqualstﬂ) (BRJerstasdabbe aag] deztaade o the total dry

sollgégag.*\}pggﬁﬁc%!)%@%%st&gr m\é\%l;sts isﬁ@s(fl}ri%?da &fcogqr,pé?atn%elsy better juice

f EliBH%ﬁhkﬁﬁ §h (32) to reduce color also reduces
Olrtglﬁ?reg %r?ou of sugar (33) produced by about 0.65

tons/ hour. 12 WD 2004/ 085684 PCT/ US2004/ 009241

f t bI th t
o Sl S GRS B b SRLETE o Bl v
subééqqyﬁt%oéeéémgép wﬁﬁ@a@loa%te@s BE a@x%%eu( ahh é?:t He c;uag@r ot Quantity of
solid sugar process 4

the nqspltmglsugar o legheh pgw@pts prastugerhclé has b@ematlmated dlailon @Wyrage each

poupﬁ é’f %Q?g gg%}cr(% gﬁﬁ%?%ecre? gfilﬂug%sr tﬂ% tcwalqt'ftg%ql ar, pqr?fdl?ced by one

androﬁlsiﬂalf\@uhﬁb t AesiRDiY ftay Gl desicdbbs® Have tli@r S%ﬁfonﬂff@lﬁ‘&& Soluble
liquid (4), the less  desirable the s%% process

nonsugeisel splstancem genasatech dion ot r%rwveée@?@a g spaart W@C?Sétl’é]ums 4.
l.
Forldefxéﬁlp de? (1%%}?&33/ Iglg%ag;o'l&%sg %?&fﬁ 2856 h&fg <fe B o &1&1[:9?81%? of about

a conparative
2,56URBEqwENhta ‘fhini Jﬁ1ce’ap1iu®uy othoﬁcﬂz.mﬂ eanmdmwcarboaﬁﬂ tons of white
naterlals LN _su process I|gU|d (4).can interfere
sugd o8 howy Bk &Y otl?’é‘s%licﬁg PYRTHEAT B§ ingrgass! o about §2.40 white

mg@ﬂ%@@%ﬁh%ehﬂ?&ﬁ&dﬁ?@SQW&kakygg&fquant|ty of the

t1ng sugar or” ot her ucts produced. It has
been estimated that on average each pound of sol uble
no -sucrose subst ances, reduces the

tit
D RSEBY YR OEG Ve R PR ARS inlisphe Pt Bparatuses

andt?ﬁetﬂ&i%' thald8res @ e 4802 iR dboQE-nfenABALd d}%ﬁbﬁfns? hese sol ubl e
non- sucr ose subst ances separate fromor renoved

from the sugar process liquids (4). For exanple, in

bove described, a thin juice
coﬁ%ﬁﬂgﬁggﬁgﬁQﬁ§éqgégﬁagﬁamnth a "thin juice" purity
of about 92.00 can produce about 57 tons of white
sugar per hour at 30 RBU. If "thin juice" purity can
be Aepordingled athsoathebjectodf, the inrfntien csudgrtoyireyide @afyghe process

Syg ncreased by 0.54 tons per hour. 20

A first aspect of this broad object can be to provide an entire sugar process
system, including both apparatus and methods, to generate products from sucrose
containing liquids or sugar process liquids. A second aspect of this broad object can be to
provide apparatus and methods of conditioning sugar process liquid compatible with
conventional sugar process system methods. As to this second aspect, the invention can

provide method steps or apparatus, individually or in combination, that can be further
13



10

15

20

25

30

The present invention provides a sugar process system

i nvol vi ng both apparatuses and nethods that address
we@2wh/0gd684 he above-nmentioned problens. |11. D BO/OSIREN09241

OF I NVENTION 25 Accordingly, a broad object of the

i nvention can be to provide a sugar process systemA
adfiéd ®) rapgectr nbodifpiconbemiadalahpthods erahaiRrdtes pedvib GRo@8s sugar

entire sugar_ process 3Q sy i ncl udi ng both
Pf%ﬁﬁ%h%@@f&ﬁlberﬁ’é?rﬁ%%om‘%l@néilﬂB{dnét e products from

sucrose containing |iquids or sugar process |iquids.

A second aspect of this broad object can be to

pr o\ decoadparoad wbje&nebfrthe hodstiofh caondi teidoet Hg sespjaf generating

0 S i UId co L conventi ona ar
o ekem sydireP HEPHBHLE e PRISE SERBHIALRRET . Craspect of
thik RBRRE bpﬂleQﬁi?enuBhQiéhdﬁ tABhdIesbe SLERASPrOEesA MR @IS ughput that may
individually or in conbination, that can be further

bel® Wlg @04 @%Mltﬁ@by@smﬁﬂlﬂmeﬁ Jhase, sueltegl atreduced availability of
lmb (1]1%002 tB? 801%%30{” %%paa%ﬂv et(r)]tclogve?’{ 1&%&1%%9%0 ch%{U%P %%da t 8P the like.

rocess I quil ds or
ARG @§RcCOMthRIobijdtg of thguheatiof\cacsoicrbvidad cof Js@ﬁhgﬂﬁy reducing

the invention can_to reduce the cost of generatin
thep%wé & baseothch a§ dimep thae b@%tomeqﬁﬁ(g to pypcest ﬁ@qrowg@@ng liquids
or ﬁlﬂ ﬁl'tt({] gﬂ)(auktjs q %eﬁ‘ﬁrd agﬁgct YRGS EB]%E’( oft tﬂé ?m%ﬂhi%: g%n?%e ["Rduce the

n can crease s ocess

anfolanoefoigstd gdneaitedysych dse, reﬂll'cti\l}h@ﬂl Fheaimount phspent limneali t ed
by availability of base, such as a reduced
availability of Ilinestone or the a | ack of capacity

OO?E@M?J trddd n@%]%@tn@f R GRE&HM A e Hovidies |c'oﬁ&’1t10ned sugar

aspect of this object of the invention can
premspliqud deviag cch&‘actsasths g@ndyane exlere idagjrable with respociriv solbsequent

base, to b used to process
gy BTG AR AH9RS o A B Ebp G o RHaHoRS, ton, of plan
matté}ﬁan d oaeREsdct 6f thidbis e&mf@fetmoémfoh%ah BY¥ €0 iR CARARIdned sugar
reduce the anmpbunt Of waste generated, such as a

precgsfudigiish hawningha @ﬁ’@%ﬂﬁlt a@mu@tpemredmcwd Conoehiratipip 06 apn-sucrose

bj ect .of the,invent] ro
méggjhag% {ql%wg oetB% goncen bqno% crcis q g Ge ongl‘%lr?ned sugar process liquid
caft Maveag t@fucsd ic6scentihidh af &gﬁﬁb&ndﬁ@ﬂgaﬁblaelw (blchr &sqest acid, D-
to subsequent _process or purification steps or which

lajicetcil, 4 -ipeaneid, arapienic e¢idstitiiy apidr bydspehyariq peisy sulfuric acid, or
théggl%e%{)\éoei%tge ;8?%\” dg&‘ﬁlg%lglga {ﬁconegicgﬁ&goc{lsstoﬂ%d %ge%%ﬁc% dc, CO, or

SO dnitforda, @cithe dikea NA WOl asrpeduﬁet(thls:@@earﬁﬂ the I1@\l‘bnﬁf)n can be to
non-sucrose materials relative to the concentration

pryide cprdiionephizab AceSIHBtd Sughes phishes ) yajes gftggreatment in
acERBaRB iR the 31'\’\%?19019 c{%@ﬂtexr L bgge Wa%_%dgd R the juice prior to

I'norgani c aci as acetic
treatment). A third aspect of this object of the 1nvent10n can be to provide a conditioned

sugar process liquid that has a higher pH even when an amount of base, such as lime, or
the underflow from conventional processing of juice, or the like, has been added prior to
treatment in accordance with the invention. A fourth aspect of this object of the invention
can be to provide a conditioned sugar process liquid that has a reduced capacity to
generate hydronium ion. A sixth aspect of this object of the invention can be to provide a
conditioned sugar process liquid that requires less base to raise the pH to a desired value,
iso-electric focus dissolved material(s), perform preliming or main liming steps in

conventional process systems, degrade invert sugars, or otherwise generate products from
14



10

15

20

25

30

lactic acid, L-lactic acid, propionic acid, citric
acid, hydrochloric acid, sulfuric acid, or the like),
W@ 200a083684 or gani ¢ conmpounds (such as al cohol ), PCT/US2004/009241
di ssol ved gases (such as, CO2 or SOS), ammonia, or
the |like. A second aspect of this object of the )
suctpsReaMtaiRAL dqHIds OT @ cesor d wrdratnaspspict ftthisibiecs 9§ the invention can

S, L1 ogdic i . PH . 1
be (F ARERE b0 SR HBRR R iflel SofchBhion. of gridized
matial afitr heatmemias aachaéahct avitthihe jinvengopr Aareighth aspect of this object

treatnent). A third aspect. of this object 0 h ..
of theri{estion Far A t%%f%@e&%@ﬁa@?sd S pchswéwwiwé&i upon addition
o B N o e Py Ui aving
a lowenwentdntmbdn pif absebiedgsodifls jrefaties torthe wendednketioma$ sucrose as

been added pri.or taq reatment in accordance with the
comPRv it Mo namRu gt P alsaR non Rt e A RE ER oGO he

i nvention 30 can be to provide a conditioned sugar

process liquid that has a reduced capacity to

gerefarid trpat obieohef te.inyenéion tchn & e provafe nisthodsispé @pparatus
of .the, i nvent. on . 1 O Rrovi ongdi.ti.one .
tha e St BEERNY POk Sy el a7 DL R Pt from
plant Reat@td]l b9 @nd@gioneldjw@l exractibb proeb@aty sechf &CH%ssing, milling, or
__dissolved material (s), performprelimng or main
diffysion. n§netaspect; of thisopbiesk ¢lothg) ingensioaseansle te providee grragthod of

. . . ( o
reddgCS BUEREZy BReRiRSbY e OsBSREoRt Il U5 et e iquid
witHoutjthe dddition jolfibases pridy toeheadditias pEeise,afr affier Blecagjiﬁi@h ofbase. A
t he invention .can e.to provide a conditione ar .. .
Secoaﬂ@é%gcgo P oS qfﬁﬁ%lwrﬂa% g s _aﬁneéb%sﬂ%gcp%@aonmg
sugel{f%}&fekaalli%ﬁést 85t L ERUIBDbrib o FnCBhAABES Mtﬁ,rbrga?@¥ hhé: addition of

vention. An el ghth aspect of this object
basd toveditce tire aacuni er tangeniaticeofaonondiose matediak ugdhird aspect of this

. progcess ligquid ich upon addition 5 of Li and
objcG} i BE FRFPHISR AP PP BV BRDAH BB deritts 8, fedpgag fhe amount or
conSHABHioP b P RES SudrbStUindtei@V i Sucrésel WBANIAS Mot bATLAN O fourth

di ssol ved solids relative to the concentration of
aspestiof thiscohaert of dreparedioncsan fhe i aravijas methedtof redugingondnmsucrose

aecor dance w fh .(tihe. i.né/ent i OE A fourth tbr %gd .gebhgﬁ%c tion
matgfal SRET PRORENT AT QRAVIES ©BIBHBY AT Rt B eh it ication or
purifibRhahetiods] hdlitBhg bechs ¢intifed ta/Bliinird, neOm G, abh 8xXchange,

of non-sucrose material in juice obtained from plant
or filfgiieg; jaa pbaye desgribedt i onal j ui ce extraction procedures

such as pressing, mlling, or diffusion. One aspect

of this object of the invention can be to provide a

metA digth Hroad eblect ftheHavention thn d t6 Prewde vatibwnamharatuses that
_ . hon-sucrose material in sugar process liquid wthout )
injegthiatraguses POPhEIVIEREEX athpmgpnttal senBavipgifiesiigd partiabgrgssures with

r I [ tqi 0 1 t

sugfh pBLEE P SR ROnC e Bfhrerf; DAESEIEL BERRS otflet of the
invemidbin @dn dfe twopivideosi apparstugdo iptrodiessa hiiguird of tgasds inén sugar
procagb Ry DYVt ik ! b S et a0 B i  desied
paﬂ&?ﬁ&ﬁﬂﬁé@ti on of non-sucrose naterial. A third aspect

of ‘this

A sixth broad object of the invention can be to provide various apparatuses and

methods to increase the interface area of sugar process liquids mixed with a gas having
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object of the invention can be to provide a nethod
that assists in reducing the anbunt or concentration
w@bBoonosse8ucr ose material in sucrose contai ni ngPCT/Y82004/009241
or juice. A fourth 20 aspect of this object of the
i nvention can be to provide a nmethod of reducing
desiroth peutt psessurpntasrd d¢sired guixtyre ofeses| fogeffadt orasp diapsfsr of non-

compati ble.w th conventional .juice clarification or
suce iRy s DR tlidg but not limted to.

prelimng, main |imng, ion exchange, or filtering,

as above described. 25 A fifth broad object of the

i nvArsevenh bad phiccboidhe ineation Fiobestodppyida v adess appatatuses and
mel'ﬁlghse % ' sg é}gtreogu CénoR }n(?;hl&%s%fs gag& xw@@h ayp l‘th pa?{ialg&s complete

avi ng Sired partial pressuré&s wt sugar process

equiiliteriting valhtthe nadr bressorpd efionsiceyst atater@Aeraafet predbures of gases

this object of the invention can be to provide an
confaiped Dy erdissglved dn BRE3E Brogess igligse of gases into sugar

process liquids to provide a m xed stream of sugar

process liquid and gas having a desired 30 parti al

pr e4ds wighth brad okjeht ditbadrvebjiec tardfe tohppovidy eatiowsrapparntuses and

e.to pravide various apparatuses and nmethods to
meti'%ﬂésr @a‘g%&??]’éonr'mcéqspé%aée%ﬁ%g’%wJéll?ﬁar process |iquids
m xed with a gas having 15 WO 2004/085684
PCT/ US2004/ 009241 desired partial pressures, or a
desNetwehllyl furthee objecty @8 dlee inyenrtidneare disglosed thapeghent other areas of
the 100> lcsaﬁcr %S‘f rmatieri als fromthe sugar process |iquid.
/ﬁ\psé(/e 'R 86?3’ %%SJ‘ ect of the invention can be to
provi de various apparatuses and 5 nethods to separate
or renove m xtures of gases which are in partial or
IV.c onrBREZEDESGRIPTIMN (IR %{E@MW@%%r pressures of
non-sucrose nmaterial, or partial pressures of gases
cont ai ned by or dissolved in sugar process liquids. An
ei ghiighrebt @ackiddy € dagodm tillastialiigs tevefitidhad §rédesP s@iérefor the
various apparatuses and 10 nethods to oxidize
diffygin ané pelpdressing of spgar Reetosseitas eobkgin araw iyice-f ur t her
obj ects of the invention are disclosed throughout
ot her areas of the specification and draw ngs. 15 IV.
BRI FigufoESChioRPTleON Craghatlr IDRAMItNGSa Fe@ivestidnap rpgvtede Ssyatem for

i il ' J.onal f
5SS BTG P Conventcenal, Brocsss Yot (oL

COS%%H@%&%M@I& 1@ raw juice. 20 Figure 2 provides
a diagramillustrating a conventional process system

for purification of raw juice obtained fromthe
glsfllsi%ﬁllﬁg rﬁl{g’g@%g lr#)'g?{%ee?rﬁl qglst(r)%fltinsgu acr:onk\)/%r?ttlona opsrcs)getsg essystem for
evaporation of water from thin juice produced by the purification system illustrated in

Figure 2.

Figure 4 provides a diagram illustrating a conventional process system for

crystallization of thick juice produced from the evaporation system illustrated in Figure 3.

Figure 5 provides a diagram of a particular embodiment of aeration chamber and

vacuum chamber components of the sugar process system invention.
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Figure 3 provides a diagramillustrating a
conventional process systemfor 25 evaporation of
wowioensIesom t hin jui ce produced by the purifi ceCT/082004/009241
systemillustrated in Figure 2. Figure 4 provides a
diagramillustrating a conventional process systemfor
cr iggtam o Zeviges ¢f diagran Yhick eillysiseiat ad nrsthad of gpurtfication in
Y ratd an t&millustrated in Figure 3. 30 Figure
aCCdg %&gﬁg{etglggﬁ%lﬁagr am of a particul ar enbodi nent of
aeration chanber and vacuum chanber conponents of the
sugar process, systeminvention, 16 WO 2004/ 085684 ..
PCHIBIES 004095 £ g eW%lCBr%kvﬁtaaégs 4 Geia it vitegsyation in
acodriAisthial &8 idefBéod of purification in accordance
wth the 1nvention. Figure 7 provides a diagram which
illustrates a nmethod of evaporation in 5 accordance

wi th the, invention, Fiqure. ovi des a di agram whi.ch..

| ehpe Bt bt D, BT RoReBa el Bl Fhon of
SucroSE R A4861den M Wifh theenvenuemt i on. 10 V. MODE(S) FOR

CARRYI NG OQUT THE | NVENTI ON As can be understood from

the description of the nmethods and apparatus relating
v. L0 BB G FOK CRRRELRU LR IARVENION ovi des & sugar

process ‘system whi chi ‘'condi ti'ons "sugar process |liquid

to alter various sugar process liquid characteristics

which affect the 15 quality and the quantity of sugar
pr dueasdbe wdesteqdnigomdhe gescrintipn pf the metgoadsas] apparatus relating
- e . | o o .

to PR bl PRI R cPOuibEEa SRS B S WA ofions

sugdrgirbesss diggirtopiter emious|shgari tecasb lighidechafactemstitdrehich affect the
types of pl ant teri a(!hé, can include an aeration

qualityng dhe quesiity R skrrgrodusedi ves sugar process i qui ds

(4) fromthe cossette mxer (3). A sugar process

liquid transfer neans (40), such as a punp or gravity,

al |Referringansf gimaily Sodagure Soe ess-linitigg eoibodidjent pbHihetiheention

. te.m 3) tq th ti hanb t
whiflo 65t b S Brer CRNRropPUd o st BBmIvag) becth i hureRoRrooess
liqufdR@ybRghied S6h oA tiRs %pgfahgﬁha%@abpcd%riﬁmhd@ aaeration chamber (36)

cont ai nnent zone (37) having a boundary limted by the

whithntescives suganfirgessaiiquids ¢f) fibm 8 cossetieimixer AbArsugar process

o PO RO Rl HE A S ot | ) Rt roces

liquidd (ARESHGhe SR %ﬂkexo(g%% tHee@eiticaNchafder (333 )at bhiediv@hvolume
the contai nnent zone (37)(step 1130). Bg passi ng an
ec

and gwesgate tepat 020¢a skheosrsatips ciagget 36) can

containment zone (37) having a boundary limited by the interior configuration of the

onfigured to provide a

aeration chamber (36). An amount of sugar process liquid (4) can be passed through the
containment zone (37) coincident to passing an amount of at least one gas (38) through
the containment zone (37)(step 1130). By passing an amount of at least one gas (38)(a
mixture of gases or desired partial pressure of gases) through the containment zone (37)
coincident with an amount of sugar process liquid (4), materials transferable from the
sugar process liquid (4) move toward equilibrium with the amount of gas (38) (step
1140). The amount of gas (38) passing through the containment zone can be separated
from the amount of sugar process liquids (4) passing through the containment zone (37)

(step 1150) and can be transferred from the aeration chamber (38) (step 1080).
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m xture of gases or desired partial pressure of gases)

t hrough the contai nment zone (37) coincident wth an
w@rmunssesd sugar process liquid (4), material SPCT/US2004/009241

transferable fromthe 30 sugar process liquid (4) nove

toward equilibriumw th the anmount of gas (38) (step

114QYansTenable nonstcrode mgatsri{l3 8ie cl:istsibuteg bbtwe@nglhﬁ artheunt of gas (38)

L R T U IR A T

mab M S HB M e dZAND et Bhdferrb® tPBe hdpbht S gﬁl} ahe transferred from the
transferred fromthe aeration chanber (

aer@@@@;harﬂlﬂer‘l@ﬁ)@@ﬂ@@%%ﬂe p@vtugz)ggmntfg]gqgon-sucrose materials will

Tr.ansf erabl e non- Sy rlal d
R AR o Shet et RS A RE ARl el AEtgs0). The
prdceskub traAfeSin@Pa %Qﬁﬁ)}n omle&mthucﬁasﬁ%ﬁtbﬁﬂs dfom the su ar process
transferabl e non-sucrose nmaterials transferred

liguid (¢} epmsltinrancemaynt plcheailosions thegay poyessdiguid (4)(step 1160).
transferred fromthe aeration chanber (36)(step 1080)
while a certain portion of the non-sucrose materials
W | IThe té@irtidugat Proobs 1B}mgﬁ’rshpukddﬁmdekﬂ¢mﬁto(&bacﬂy eab@wpass any
by step . (1040) .and s 50) process of

Suqp R RIg lqaucﬁ % ]heﬁ‘@a%“ﬁ OBipiids¥ thepEmPEiag of sucrose

to BbAThe0S,: Suadd ?%ﬁlf o L b, SEur RIS pfyftons depending

upéeihesiuelityldrdand offflenttreatenidl sthg matemahz:mgcmued] wiidh'the hlaot whaterial,

under stoo t o broadl onmpass sucy o «
or Qs FRTHOR 7 Tt Wroy 00 RrUHERR Dot alRtiAh oS obth fIg dern “sugar
prdde& REHAC rrhé}f) Be Qfse® 4§ 0 §&herit Qe Mo SHEA TS Sustdds can@RSng liquids
or water which can occuf in various proportions

obtepdftimg vauptorrpftgl@t taddriatsybyomilling ar mesmgﬁppmu@weaqontammg

llqpl?iié qﬁ%ﬁﬁ%{i grog*, gsvtsalgl(étlélacﬂie }ganW‘t %QE%% Sﬁ‘%ﬁmn&l i tpe}arit m&¥erial with

anbBELligald; Srossl CddntdikiBg IRfulds” Sb@Ried & @é‘s@ﬁﬁlg' frati @arious sugar
may be used as a generic termto identi sucrose
n@f?i

prasiystion proggss| atmuf@lrsthq slagifeationeqs TuFidigption el ligeds edxtaipedabi mﬂhng

ials b e r
o T R P RSP e UG gt it i
thdT@igar pAdsction didubtes sund dsheayljaios”, maif@rsioal juidetfdiffusion liquids”,
w.anather |iquid; sucrose contajning Liquids oi%ai ned or
lipned iiee thﬁll‘* Brsey arthisk uies g asard Pl an MiFO nonthg fkes st eps
for the cI arification or purification of |iquids
obtained by mlling or diffusion; or sucrose
contTaentemny ‘igagiubdsdly pacohpasatd withedti Inaitatiyn & punBiedfgas, such as
art utilized in 20 the sugar,. duct i ndustry .such
OX¥geny F’éfW%th g%hum,- ' QFORE S4T ]iﬁ)g y NEoTY Ciqry]?}g NP @ mixture of gases
S, u b hi
suoll e atmosplleiiabd ospherty ¥ kMECEE gash bitfinkd &Pimount of
ozbwmeo grhater ethew mpaemsrewat moutrel dirigases | contagnipg ranf amdurga@ oxygen
%Ch as oge hel i um ozone é on h
B A R PR BT Bises CoRp eGP L BT pger ggpfer than
atrASspRble, a@ﬁﬁﬁﬁ@ Rebhdes Qéﬁtﬁfmnga&rﬂ&ﬁﬁﬁlﬁr& hy@rdBei tpef&id¥ greater than
gases containing an anount of ozone greéater than
atraospbersh er @jxtarendik gasee cofitaipinge gn cortual i egrhon diasidatgredter than

atmos)f)%ere, a mixture of gases containing an amount of argon greater than atmosphere, a

mixture of gases containing an amount of helium greater than atmosphere, a mixture of
gases containing an amount of krypton greater than atmosphere, a mixture of gases
containing an amount of ozone less than atmosphere, a mixture of gases containing an

amount of oxygen less than contained in atmosphere, a mixture of gases containing an
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greater than atnosphere, a m xture of gases contai ni ng
an anount of nitrogen greater than atnosphere, a
worRoossesof gases contai ning an anount of hydrPQETS2004/009241
peroxi de greater than atnosphere, a m xture of gases
cont ai ni ng an anmount of carbon dioxide greater than 30
alﬁtbllmsﬂh&fr@genalesd Rtauraemo$phgres QSmmmacbmJgasgs aontaifingNin afmount of
gon greater than atnosphere, m xture of gases
PR E’ﬁr%‘ %ﬁeséﬁgﬁrhlamé‘?sr’ﬁ%% @uﬁlmﬁt({f rgagfapontaining an amount of
C%%‘“ﬁ%%@%ﬁesgf‘%%% SRR ¢ ERER S0P Ro0n i ARG of argon
lesso fHtaai atimgp}wne, aaoninture fof ogasere cordsinirigham aatowns plﬁdrehunlaless than

oS0 ARG O A0t FORPREIA S OQ B T reegdn afiosphere, or
th€ Ptk 2drH (ﬁlﬂmxﬁﬁe U&%@Q&fa@%@%eﬁ gésE@%%6é}991%261r]1nore filters to

am)unt 0] nitro | ess than at m)sp ere, a mxture of
regugse O do nulBtan lyaﬁhlamatmtnoofblolhgldalog@ﬂcweiem Uimlogied particles
m xt.u ases ont ai n

CRAE PR PP s AORER P B M PRbeensy: a sas o

a Mhixtudé &FOfasenfiRs 108t Rehi RigsaAnoRiin thé@hical §6Hibbdr€ %% otherwise
t han at nosphere, a m xture of gases containing an

Prageset tofeeRaRicuf deusd (qeasrgatemys phage  ofacorcrutiationgfof partial
prg%m) spgg?%?;l cg-' %%@%t@ﬂgwe&ﬁta%BXPEh%&okeSS than

as or mxture of gases
that have been passed through one or nore filters to

:):(rjt éi’ﬁfl‘l @S Zl? t UESt teé&{nlslﬁ{g?clt %%lnpgfzg eg@g ggtg c&é]grlw%gal IE:Igpl)a filter, or
a DASH BlidrBor YinkH S@%S%fﬁﬁéérﬁ gartl'aﬂ%feo&cﬁ%g HHR R ;upat@ find2 &*BP Pexample,

or othefr patho s or a mxture gases t
arhanfdtetrelegns passrtire off gasmanlberdmmh irde pdbritestageqrefilter, then through

ot herwi se 10 ocC e desi red

2 SSRGS Ao ot EeARPHE: GrEsofoyagepeglor (7). The
profiR&8d hERtuRS o UBHR6S carlthe AOR tARYubR RSzaQ FilRE (mgaaﬁllt&n& Ulpa filter,
thereof. Gas filter(s) (not shown) Tesponsive

orfalties tyife efdlteshnTeorepuliing fidfeled gas pr filtened lmxturao’igqsas can be up to

o S e s R RS PRt SR By er s s, wp
toWofdobs Beeef Gatcles ad¥mdiLisebeht MBS fScroAwhen 8 U filtdtiPuRd.

first stage prefilter, then through a second stage
pre-filter, if desired, and then through a gas flow

?ﬁgﬁﬁgz)ﬁ f%@n&})glﬂ‘ﬁanlg t§ fFI éﬂﬁ? 3t HJ(e %% %f g Qg'}ﬁ,%%e& 3Mhe flow of

sughl pRCess 1fuid (4e(stdpy PE30Yfcakh IHettﬁ{n)sferr'EH&hf(ﬁlth gzﬁlsgmlet (39) which
filtered gas or filtered m xture of gases can be up
tepainefgs 41y 4 swelsr orphuralite ef a&er@ﬁeaﬂpmagtsé{%mhownsnrﬁl@%r@ 15% A gas

ﬂ%%? %En@ra{d‘? REOS)T tdd BE e{dﬁ.lsféﬁet% %e%@fjc%éj %éfﬁ%ﬁ:n{ %ﬁ 9 v\%glr{&fatg Celiver the

articl as sm as ab
desirgh amblittest atdeass ede gAg&ld) intefthe fiomgoPsugmmprdogss bquid (4) which
Fi gur e 51%) t he appunt of (% s delivered to the flow of
P@iﬁggbmbg the centaingngng zeug tep 1130) can be
transferred through a gas inlet (39) which termnates
in asingle or a plurality of aperture el enents (not
showirhel flowiodwsngaryrocess digsid (4) which passes through the containment zone

can be a continuous flow of sugar process liquid, or responsive to a sugar process liquid
flow adjustment means, such as a valve, variable flow restrictor, or regulator (mechanical
or electronic) coupled to the sugar process liquid transfer means (40) whereby a

continuous, intermittent, or pulsed flow of sugar process liquid (4) can established to
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25 flow generator (40) can be adjusted to generate
sufficient gas pressure to deliver the desired anount
w@hooansicenst one gas (38) into the flow of sugBET/US2004/009241

process liquid (4) whi ch passes through the
contai nment zone (37). The flow of sugar process

incrqaggPridgcagesaicchirpaars ebtim teufAvidfeuganmaresreiqridzdh gemains in
the%gnﬁﬁgn&ﬁez&ec(@a}l nuous flow of sugar process |iquid,
or

responsive to a sugar process liquid flow
adjustnent means, such as a valve, variable flow
restrictor, . or regul ator (nmechanical or el ectronic)

coufffed eBtahEINOYEReTT S g J5¢iAng chaBbrEs @r Syaghrgocess liquid
dls&-igoghom%n%ﬁl’ (@1) EANHO WS, gb%ﬁ?ﬂf ot M dat gﬁ‘&ces? rhqﬁ}& @Sdto create a

| ow of sugar process ['1 qui tab
pluléltw DQsO8IEER HaRChitdush B LAOARtENL mrr@r(é Ase Amfto certam sugar

ase, t urati nof ti the flow .su ar
Profge 00N | rETES | Mements UF (Gt comamite rCxgmle, nozzes
mahBfidtureliShy BEE 'Ih@irﬁorﬁfé@‘)gﬂmge?h&ﬂcrﬁﬁ ReHal @Jti‘i/&lna Michigan) the

chanmber, a sugar process |iqui |strlbut|on

pluéahémﬁ@tre(am_s)ofcsagard?rowss hqwé () gzw bﬁf dlswg@r topropergs which further

dls%érgels tg% gtf}gal ) 1{1&%? g%nﬁ rn%lz(glri;?/e ?1?7? sp%arvwc}%&hegs Hquid 4)

carS bgafurthgr dﬁ&@@i ) Cgéhéradﬂ at ﬁilumlh'lty T @opwmlélﬂ%hss( @godgh the
non-limting exanp nozz manufactured b

CONtHEWEYFAORE é% )- W@@t@éh“déﬁ the smellerghe drapley ﬁwlaether mdmdually or

on M/é‘rgéeg a%%ts:ga{%ﬁ b}p Jchlé r e stg{ntl ] 8@&%’@ li\hlﬂlgea %re?{e??lﬁsalmulatwe

0 converg urt

surﬂzﬁe dreapetthe $ugehqar6<ta’se iosidi (@) tpi‘@eﬂ:tedil t@ithsrembumosteat (1&%) one gas
The fl ow of sugar .process | n be furt

(38a g el g Herndpiiementyone &7 %46?%!?161@%6{ §hwemnt¢>£g@s (38)

e EHODT 1 pE B RIS, PNy R pIE IR o i
(4),aﬂae raagm)lt gﬁmmdtﬂwb fyfach @rgay e hetit ossi (Stigp i 1d 60)sbmfmmdjusted to
M ko M AN et R
with @88 bmeh& &3dp dedoyveredsigat 916635% HQLHHG(MP fRetved at the
zone (37). derstand%b Iy, the anpbunt of

outleth eofathsupgraiddn sheaberp n(si@;esé)SO) o chagd) Yartorme smgspemqeem liquid
chefR TR bl S e PPEER e atiefim bibscatell o hits steps o

deseabediRl®@g) usted to establ | sh the rate at which
transferabl e non-sucrose materi als nove toward
equi librium wth the amount of gas (38) (step 1140).

The at th 20

o AP RCR R Bt f OB AL Blion
whigl@aii bp ufiiasisfol HpUirddudtidalofet e iffoin Siggadbbes Qﬁnﬁ@clude a vacuum

obtain certain desired affects in subsequent

chagihse d423) iylependisnt 8§ orgiss sombisation voth thgyapistipe fhembarg (36) to
cox@&io%ﬁ%&ryrﬁrg&sg th&i‘E (E) §u§b‘} ’f)r$de5'§ Hpﬂg (%'KB&%{E%B%B the vacuum

chamber (42) can pass through a reduced pressure zone (43) generated by reducing partial
pressures of gases in the vacuum chamber (step 1090) with a pressure reduction means
(44). The reduction in partial pressures of gases in the vacuum chamber (42) can increase
the vapor pressure of non-sucrose materials (certain of which are above-described as
organic and inorganic materials)(step 1170). By increasing the vapor pressure of
transferable non-sucrose materials an amount of non-sucrose material can be separated

from the sugar process liquids (4)(step 1080) and transferred from the vacuum chamber
20
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25 which can be utilized for the production of sugar
from sugar beets, can include a vacuum chanber (42)
w0 pabepgsesent of or in conmbination with the aere€T/082004/009241
chanmber (36) to condition sugar process liquids (4).
Sugar process liquid (4) introduced into the vacuum
(stehpamey. (AW4gortiea T pES Sot-Bi@ughmaterial uaads 6 eBs sigr 28@ss liquid
(432 enerated by reducing partial _ pressures of gases

(step (Hg) waé taemcendtionsd ek [5”‘1‘19%}1(1%@ B téalﬁfe&@uﬁ%m the vacuum
L. on ns ) ' [ [
obERUE 0 (A0S RS L protO8 AERYELIRRY A ELRAR of the vaouum
chambeegsep 1106 vaphaveprasssr sugaf praess liquidsehanataistiad sltered to
gqertaLn of which are_above-descrjbed as or% Qlc and
obieHB CEiR desinze @ffedh §) PhrerentFeyesstag siRe pRase ‘Ee brdovr.
vapor pressure of transferable non-sucrose materials
an amount of non-sucrose naterial can be separated
f r onnt dimilsi §ahioprto abstsdéscgidd for (thy (sstation 1h8@benaib), the flow of

transferred. fromthe vacyum ch er ., 2Q. WO 2004/.085684 .
SUBRSTOESO RSB VACLVL BTG AR RGPS RERETaF P R her divided to
ineRseSUE PEBcd BB [dfathe sBEH RS cdse lid(ih_ﬁi BAI08H vl @C B%Sreduced partial

liquid (step 1070) and the conditioned sugar process
pressyies figesesrvaittin dhe exhopation ave (FAk wamack hBapsrcupsy dpmber (42)

1100) . .The sugar. process |iquid.r Y t
Wt e O B D BB T BERERetl o Qi b8 be used
inSei@alerr STCHE Sackdtiaui chagdbar, agt egddsivithsthaldeptiofl dhanfber or multiple

obtain certain desired affects in subsequent L
acpptioaahamhers sthepsr Hsseakerrip patrllgkiospndition gispgargrocess liquid.

fashion to that described for the aeration chanber

(36), the flow of sugar process liquid in the vacuum

chankefirs{ 4Rjraciatistire oflitbp eugad prrcedsutitiiidr (401 thatdesh the altered by

i ncrease the surface, area of the sugar process |iquid )
copdytloawnggemp@ﬁ%ss3@&4@&%@99&@%@%@%&@@% aﬂgg«saeratwn

il e, enacyat ] tin The WiBinati
ctffioft 268 Gy MRCAE A ARGl (), D6 5B dn TAEIOS Binations o
pevmatations; vantbers.i ThegrH aif the syger alrdeks tamdl@) warde increased by

abget Q0T Gt Lt pgutd S bR Pe Tt P o Ahihaput b2 bit M, abou
O.%’:i)ﬁ [8iks, 1aBo@ e 4 PH Hitsl BbARIES el udiy, GRARICL6 A @iUERIut 0.7 pH

ocess liquid. 15 A first characteristic of the sugar _
umpispelamy 0.8 gt utﬂ(s;',)tbQLﬁaQQ ©&h ubigs, @bowlr bE pﬂ/umts, about 1.1 pH wunits,

GRS P BARSTR Yt O, SBAB g sout 1.

pH Rty 3o gharheits,(bdlit 18 plQinfts] sbow@NiOPE units, or about 2.0 pH
conmbi nations or pernutations, can be pH The pH of

unifse sugar process liquid (4) can be increased by
about 0.01 pH units, about 0.05 pH units, about 0.1 pH
units, about 0.2 pH units, about 20 0.3 pH units,

abourhdindrepsd pH of thehighr HrobesdHiquidstBior abetdlinting (1) can affect
units, about. 0.7 pH wunits, about 0.8 pH unjits, about _.
the dpmapd (i the suggsoprocess diguid () fos baspotich asalingey) (4, te  achieve a

SRR Ao B SAont  on iy  ipcs
unconditioned sugar process liquid (4) or conventionally processed sugar process liquid
(4). The amount of lime added after conditioning of the sugar process liquid (4) in
accordance with the invention can be substantially less to establish a desired pH value,
such as, between about 11.0 to about 12.0, or between 11.5 to about 12.5, or the range of
pH used to "prelime", "main lime", "intermediate lime, or to establish a pH value

corresponding to the iso-electric point of any particular non-sucrose material in the sugar
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pH units, about 1.7 pH units, about 1.8 pH units,
about 1.9 pH units, or about 2.0 pH wunits. 25 The

w0 penessed i n pH of the sugar process |iquids pPCDUS1004/009241
prelimng (13) can affect t he demand of the sugar
process liquid (4) for _base, such as lime (15),

to
progeshiliawid &), oreicauisat tp asiusydag saditppr al@éh@éh@ﬁ‘&lm@ﬁe@f a desired
urRd o |
congﬁlg%a‘g%h :Ros ng%g?l%pe%gﬁ%geggﬁllﬁ ﬁp%r %sgl)l&ugg (4) conditioned as above-
desciobade b exiabityl rpduseé SiseddemeparofppooesSs.| Nowi f@fing $yimarily to

added. af t joning of t
Fieiioar i gr 110 SSeH G 1) oG 26 oo LA R OF $708.00 per
day' ®Y£N 5900 684 a%O%A?%&ﬁﬁélgﬁ‘J éama FS8HiQefst abli sh a
desi red pH val ue, Such bet ween about 11.0 to
about 12.0, or betvveen 11 5 to about 12.5, or the
ran e of

" i ntetereud gFliga?tFﬂ%w %ﬁ, ﬁ}e Sugg{ RESEst 1@1&,_&3 dhafecan be altered by

con@RIonaSP ARl pebce® Kdifdd 69-tBloaghk &h&vﬂ%ﬂ%tenﬁ’cfodﬁﬁé’nts of the aeration
particul ar non-sucrose materral in the sugar 21

chapthen/ 6856814 twa@moahamb@m(ﬁ) peD cb@ﬁs ihj mmo@s (mo)mbmanons or
red_t cidity or alk A
perffifiish5ah g 2812l e el Blno? AR Pt otor can
subspsAtigll yeincidgathe RARABSSE Whigkligat (33) ictd @dga & of sugar beets
above- described, can exhjbit a reduced Iinme denand of

OF SYBAT GRS YLPNH pkamessss Hguigfharily to Figure 2, if a
30% reduction in |lime demand can be achi eved a savi ngs
of $708.00 per 5 day ($141,163.00 over a 200 day
canjpadegtajn enbiddimbets at hheinedntioh, setainds ehavhagrhentesddler in sugar
of the.su proces can be altered by
proges dickids ﬁ%ﬁaréﬁaasafp@g)cg b .(taaﬁ% e% Ajom oo Hgw fn@igar process
I | R
hqu%{% éh)‘\?ﬁ% Lljtﬁﬁrgg%r%anbegﬁ (t?‘r% féﬁﬁo@%ﬁﬁhbé}ﬂ(sgg?fgﬁf%&%@ chddiber (42)
(stepprihbDat 040:1&106@ drd hlS’lODmﬂa’Iel wmnwyvakafithese coloorgeneration materials

cors P UGB BRI §F FHHGr BSSEIhE tesaRtgRed fse process
liqued 88! nftl%aﬁcd%raocﬂiﬁﬁﬁféméd ﬁf@a@ pEdBsOliquid %rw1@?}('é%5§ col@f in subsequent

sugar cane, oOr per unlt of process li qUI
suggeprogtss setisoaidrest sat in rss icolpen Segar orystals (Eba)(szmso):h In this

nera color in s 1 r.acess | i qui or
reefoRe T Ea o do; FRRENE T olPHBF cin tent TRPai Rk sSigmete. color
genEfaﬂ@ﬁSﬁateﬂlalg diich 44),3 asutdrledions 908 ?J—Mt@ﬁtﬁﬁ daR &eaRfrtb® from the
chanber (36) or t he vacuum chanber é‘h (steps 1150,

flov @i Guganpocess b ))as it passee yongh gre ensaamens| zme (37) of the
aeragﬁ)%ﬁd%x?ﬁi'g?p@%ﬁtﬂ{%@hﬁter@% Oz{rg iﬁ?\ﬂg t(g g%%ﬁ,f{tg %'1%? ’T’n hhcee and removal

ener a oned

canpédueegdice tolgriardl s(u@r,(%mdl@lduces a conditioned sugar
process liquid (3) with I ess color in subsequent 20
sugar process steps, and can result in less color in

SUGRTothdenitRdlifindntsd £ fid Mv%gﬁon, ki SoBieRutar structure of certain materials

contained in the sugar process liquids (4) can be oxidized by conditioning the sugar
process liquid (4) in accordance with the invention. The corresponding oxidized forms of
certain materials may generate less color or generate no color in sugar process liquid (4)
or in the resulting sugar (33). As a non-limiting example, primary alcohols can be

converted to the corresponding aldehydes or carboxylic acids.
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regard and referring now to Exanple 4, Table 4, as a

non-limting exanple, color generation materials such
w@2002/086BuUt anedi one and 2- but anone can be r enoREHUS20041009241

the flow of sugar process liquid (4) as it passes

t hrough the contai nment zone (37) of the aeration

chanWéh 1egB¥t toTerstain embediingnis ofithe kmention thegeneurto gas (38) or

L0 4 Wi emoval .. 25 can reduce juice col or

pefil Blesbiet PLERCEDH SERBIRY aRoGRE ot e Msrartapet of an oxidant
inithe gt i(88), délberdibtetid adntaitinunt 2R @f7) BT th@iRration chamber (36)
. gaéferlgl S contained in the sugar process |iquids 433
IMEUNNE Y nefi Lwdfed yio.coptgen; 87ANSg Petsideu @it strippest e sertain partial
reds Gl i A i invention. The
e LAt e a8 I RBG 67 gL el Alig gy gteohos o

corraspogdmgraddebytiesss adloaylioacige n&rsapaate®xediin® ﬂoifvzggg?iﬂﬁﬁ AS(45) can

process..liquid.(4 or in the resulting sugar .
beDlsgif 13 ﬂl%%%@fﬂé@iﬁﬁb o t ?itﬂéﬁ 9? APEBRIPEese aiguisk (4) which passes
th@@gly@l@tcggtahgnérﬁgoﬁ@grygspondi ng al dehydes or carboxylic

acids. 22 WD 2004/ 085684 PCT/ US2004/009241 Wth

respect to certain enbodiments of the invention the

anmount of gas (38) or partial pressures of gases can

be ' . to iaclude or.increase the anmount of an

oxi dant T’ Bt 208 b7 B ont AERt Bircatopeiom can be
compared (Waih) a Oigak PeocReY BblefNinGtasHtfce(WRl the iGN C(lﬁgﬁentional

not limted to, oxygen, ozone, peroxide, air strippe
SUZH PERSCEFLGHA PEACETSIE ghoat 3T toms of syges doct arsseies §2)openthour (see

. ' C . 0f> vertjn rijmary al.co st
Fide B e P i SRR HRGL oo L BioriuS 280 o dBouc 3,414
RERé(rae @i giro ). dAnughi mocae adsteh orhidhdRntheAihcludes s 8akiéh chamber
3 |saerse oxidant(s) into the flow of sugar process
GPighicdV Ry HaEdep &9 48 aceafraneg it thecisientiomnpmecssiopehe same
tonli8de of debaMAWel &sefidd &9 SrBalde W E8Sn iui@@daéerctgﬁﬁscrogg carbonation

conventional sugar process systéem can be
(20)iof RbeutsAQdr RBib(ses §ignys b nUnderabeserddadie@nyitoconkentional sugar
[ nventti on. A convg%gi %al sug@r pr.ocess fést em )
Progess CaSiemh e Es hyfssuger sotgh Pt BddiBYdsewtignze ¢pyhile the
SugRE prodedsl sybBein Aol i i 0@t achf2bls 4 BhSGem el
A B0 (1 BoR achiBhh & iy o color
of 34 BB duitke oonventignah angapmooess sysyest emdebiribed fabovd)ethin juice”

b Becls B L DO RBLAER oiint 1B i et $12.000,00 per day in
sught 068 S Suie ﬂeb@{e‘iﬁr@d_ érf_éfg}agﬁ‘thoéve?%" H0- RRBL %BQJS il &Se in sugar

can_produce a "thin juice" after the secon

progess higniskqodn.  (20) of about 2,911 RBU (see Figure 6).
Under these conditions the conventional sugar process
system achi eves a final white sugar color of 37 RBU

(se&s ki futher 4xaniplie] @ dohentidHAAuRF PEERSs SYBrF mp&ﬁ,tin at about
accordance with the invention achieves a Tinal iTe
8,5Q G o1 Sy 20 sbisedzamgmpbectsnwithethiro fuientcolomadt abogar,000 RBU
profides G¥haPWhiE Eﬂg%f‘ cglgfs &f Ab%lel{j 45 E%YJE To tagr{ifrzlvé au‘l‘s%a%dard” white sugar
color of 40 RBU the centrifugal wash procedure must be adjusted to reduce the recycle of
sugar at the sugar end. This results in more sugar to washed out and ultimately into

molasses reducing sugar yield by about 0.65 tons/hour.

Additionally, a centrifugal wash (32) or a longer cenirifugal wash of sugar crystals

(33) in the “white centrifuge” (25) results in less sugar end capacity and reduces
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havi ng col or greater than 3,000 RBU can result in a
| oss of up to $12,000.00 per day in sugar |oss, sugar
w0 e@ewgtey4 and energy with every 500- 1000 RBU i PCT/E8204/009241
in sugar process liquid color. 25 As a further
exanpl e, a conventional sugar process system operating
thidliglahi® W sugar Pobceso tiquide®).ddforedves)| 4 edotsargir cdl@edjﬁsugar process
with thin jujce col]or at about 4,000 RBU, produces
liodpegan st dn colop mslassts lan gkt Larzapin it nERERed gaiTget vield
"standard" white sugar color of 40 RBU the
centrifugal wash procedure nust be adjusted to reduce
t he Aethi)tdlcﬁlamﬁ:teristﬂgaxf tht dulger @tu;g:ass tigaid @i thatr esulbesaltered by

i n. nore sugar to d out. .a ul ti mat el
co lag%lgssulg@daa@“ﬁﬁ (4%"@% rll‘?ya%%‘m et Ay ot vacuum
chAREEL ({4?;'8 &l ¥th, El‘n Q/Qﬁ&ﬁs' lgéilﬂlﬁ{'atﬂﬁﬁssbr {ABDiniorR, b € Eoncentration of
centr gal  wash sugar crystals (33) ih the "white
limesalts. i Be@ase @Qﬁéltlomgl ofs sigar Ireeeess Ugpud dfdl ic cggeeidangce with the
‘W? % V0. 2004/ 085684 PCT/ LS2 04/63,[ 3 i} 4 f q
iny 8{35?{581‘{@3 SEMERAIORy @ESRIGE df lféﬁ‘ﬁ EEE 0 & cagied forwar

infoe@tohh@eh 4tBpsCQBWN90f AS HGRFibaT S0 Shmésla!?t's) by R Precipitate during
result in | ower color nolasses for desugarization wth

the rﬁé@péa@fe@reéwnac&143u eailiming HlYH e¢hsrherdions (11§ hagause the
be alt d by 5
sof AV oPERTRaRs M o s LRI (BFG (%) Wi th the”
aeration chanber (36), or the vacuum chanber (42) or

both, in_various pernutatlgns or cgnblnatlons
concWhen dintespltofre netrismgved prigedadie eamﬁtprscﬁﬁlagpwpltates of
HRSERY B RGESSn b YhfadeXr & R&%ﬁ)?g @’ﬂpca% Whikh 1sI J%?noved from sugar
I'nvention renoves certain ahions aw j uice" torms
prﬁ@ss ligquid g 4). Boilfing it esfapcmamls f24) warathovierscde can borastlyobecause of

o3 JBBF i hlionbis RO B C RO GFOSSHIBNG, o iy AL OF Scale from
VAR Mok Thig absbélatedOkq Lﬁ?{h@l‘ﬁn@e{n' 8o (rés%ﬂt( 9hddg6aH Sc?ayE h@ the sugar

solubility of such salts in sugar process liquid
priYessicdnipresal t s are not renoved prior to the

evaporators (21), precipitates of linmesalts can form

on the surface of evaporators (21) as water is renoved

f r omigle@ads or 36diRMAGRS Sheh Oiieshl{s4le e:BBhgddLattytsucrose to molasses.

evaporators §21) to renove scal e can be costly because
Fagfexatplel Wbm 1m¢@a1@cﬂn¢ pﬁrm%tedufmrmsm presepelad ittt bieion exchange

rocedu f apor

ool SRR Sueldfi sHERRgRe P el RO gh, Al s

re€kRYR fnfo UiREinS USRS asPIQCHBEl aBdtRA c@th p%ﬁnd-ldf%)didnﬁ s@lt can carry
sodium salts when linmesalts are exchanged carry

besyeancabeut @ 9rasuad gad aboytol.5 @saawi@ | &f sugFash to mpdasges: sIfdingesalts are

reﬁl?cgﬁ“ﬁgc%S aﬂa?tg'p%i"gﬁfhtcﬂég%ﬁ;ﬁ(?r& B@% a@ro%ycelrin %Era ?%}‘; th%ggﬁo.56 tons

atdl&OO(l)goﬂi sljenartpedday sDsligaimb&dd) thas a value of about $246.40 at $22.00 per
hundred weight. At 200 parts per million in the same process system a savings of about

$2000.00 can be achieved per day.

Additionally, as the part million limesalts are reduced there is a corresponding
reduction in caustic used to regenerate the ion exchange resin. For sugar process liquid
(4) generated from a beet slice rate of 8,000 ton per day with a 25 ppm reduction in

limesalts achieved in accordance with the invention the corresponding reduction in
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recycled into limng steps as described above) each

pound of sodiumsalt can carry between about 0.9
w@owadssmed about 1.5 pounds of sucrose to nol aBGEES2004/009241

limesalts are 25 reduced by 25 parts per mllion,

addi ti onal sugar (3}:(3#) produced per day gabout 0. 56
caysgig savegtabguig$ %’@g})(}. ol astadgetionaindimpesaltsl o 209 Ppugean be achieved in

Y out 46.40 at $22.00 per

th{%ﬁ%f%ggﬁzﬁbgﬂttﬁ’@% Z%l:)]baer a‘sfg(?per mllion in the sanme

process system a savi ngs of about $2000.00 can be

achieved per day. go Additional |y, as the part mllion

| i mddrETaths MRtR Hedenk spgenpatign o rthe SpRdeFRlange resin further

' ' ' t e the ion

et e O S S S

generated froma beet slice rate of 8,000 ton per day

Wi t 2 m reduct i in limesalts achieyed in
acctol’r g‘ﬁﬁﬁ’e%ri“ﬁe‘?% ?’ga@nﬂg@ﬁ PF‘PF@S%ﬁ)‘ﬂP’é‘sg@n%%@an be altered by
A8 | | 2004 4
col @Rt gl rodds TE0TY JPHF ERICHLARRCPRRSH br e vacuum
chambre442)t o lufth,20 Gapem amubdoncti @wedndtions,tdae bs poEty. Purity as a
system about $2. 000. 00 can be saved. .Moreaover, the
pe AR O abEh SRR OR SGee e LB g i giropas o soluble
nof-ghidrB&S matdriglh ﬁv\éilghhgro%é@afquﬁﬁd of conventional sugar
process systens. A fourth characteristic of the sugar
process liquid (4) that can be altered by

condi.t§: oni I j 4 Lt h. the L
O R0 B2l Q588 LAyl Mot o gt
inobgenic miaterivBrand Wwegdnie Material somberDtra®guiRen & ¢oddRione@Mn B€ordance
ity. Purity as a. 10 percent relates the anmount of

with fbe iniention. o § fedpetingeinstheseqimaicrose péertobintragtferring them to
s Ryt R OPQOTRLE Al e BB 0P BRESS i (0 rom

ther @dsette innirer in thé eargewdabowaif0.2% aidi dbeut 0.49F grINda@ increase purity of
.mat.erjals and ani c terigls when "raw juice’ is i
thifl Fich 11 B EEE 91 RERGEBANEY O 1o and Ropwd S HGe At oRorestten purity
FQPYEds @Nard 8S ¥n QS '
o ek Ra T OB 1031 RARERGP O B8l byt § gy end 3
powrsls pentonexfsegpiractsyslictd.s igas spgan pesssy sygtends fetprdancenwith the
. the cossette m xer i ran of gbout 0.2% a
im ot B8 £ 1 e 1 FOTL GO B B8 2 vigPu P depyen abou
$1,50@00 andshoet $He00wen dah et bOackddkeand about 0.35% This
increase in purity corresponds to an increase in
sugar (33) production of between about 1 pound and 3
20 Additidsalpye thet amegfurisy ghthithpitescas bie ecdevddant gaeasardaoughput in
pr ocess system.in accordance with the ipyentjon .
2 S Aigocss SPGB 1P ACBSIRMOBGD b ST GRyloRa Fitislgs, o other
parfitiefGhVWasR $B6dss lighld PHQaRDeattARakEd B9 DOt aQﬁéfﬁtion of
can be achi'eved. Additionally, the same”purity of thi
ionp (¢ ¢lee pufachellds prisaey adsorphiantayer ¢4 givgmsatto iansubstantial surface

charge (electric potential at the surface). This surface charge can cause a repulsion to

[72]

exist between two particles when they approach each other and can also attract counter

ions into the vicinity of the particle.

Thus, the colloidal or other particles can have a charged surface with an associated
"ion cloud" which extends into the sugar process liquid (4) some distance away from

particles to balance the surface charge. The thickness of this ion cloud around the particle
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a sugar process systemin accordance with the
i nvention. Colloidal particles, or other 25
w@20otiogdees, in sugar process liquid (4) can bePCT/US2004/009241
contami nated by electrostatic adsorption of ions to
the surface. This primary adsorption |ayer can give
detérieindsthaav 8lobS tam panticles wiah aeeto edvhr dRer(tRif@etthéE start experiencing
potential at e surface). This surface charge can
reE‘éla%Jé fame%p“{hesa"»l%f‘nO%J this a ffls%b%t%@ém o theamegniiuds oftthe surface
r hgt t
o R SRS A R e SR ERnahaP o oML and the
cono¢dtoitidalof electodlpterin palntiore| es can have a charged
surface with an associated "ion cloud" which extends

into_the sugar_process |liquid (4) sonme distance away
f r ond e pme ﬂ%%nqd&yﬁiﬁ shigE 1%@1% Fyraeundinga prsticlyigad that defined

t
o388 P O SO 5B B8 s
th¢ Woickass iof ltes so:latmrgbllyelt aroead hh@phlelclebthﬁtorsereqdmegd sd as to contain

experiencin epul si ye for The si "i.on
engp g, goUEsRHa L0 Hilinie B AT S HTE Zl@&ﬁ? shig P?%wam@%lves the
thiMRh&R o@ﬁ&%@ﬁﬁn&@ntﬂrﬁ wiakM hio9Bs GRAGE M& on of the
adsorbing ion, and the concentrati of electrolyte
in solution. 5 The vol une defi ned by the entire ion
cl outkts potentiald(xny ia thgaelecteik epoaeidial fait etefis pethe b;japtfﬂene" - the

. Sl Inef |clearentt ne things
infegafe 2t ﬁ%ﬁy@fd?%tﬂ dérde and t%ﬁh‘élﬂﬁ obRRBs 3t of Thi éneasurable
potitidl bP" écﬁbﬂ%ur?arcg und 4188 cRidd bleb@ollif@lc g?teﬁt?ﬂu!/&r E&dﬁ& to the
as to contain enough counter-ions to ance e
elemosatie poheiplge zetapolestialhe catulpte batlee ¢quatdnes t he
t hi ckness of the sol vent/i on filmwhich noves with the
particle. 10 Zeta potenti al ), is the electric
potential that exists at Xt‘h‘épsél/Pp pl ane” - the
interface between the hydrated particle and the bul k
ble potential of a solid
d gtgr ?%%{e:sg%gﬁﬂ y C%éam?lﬁgg%?ag’lggct roki netic potential.
s :Ahe¢ elecliriogl cﬂq@rgtelmetheeStaQtlﬁmt atic principles zeta
D8 intla is calculated by the equation, x = 4p s d /
D peielestripal cangfagkness of the electrical double layer s :
the electrical charge in the Stemlayer D :

O RSB, T 0 BOCEORBFUAT e Buion o

dighesi@ Bi the sigar blikesUBRId (JI')QE\Qﬁ@ ﬂbd:dihwtfén(oéf)colfl(ﬁ\iﬂ rticles or other
floccul ati on of coll ol dal %(Eartl cl es or other

papiigles atiley zsta pjaptiabvaluse eehiavars dispersion 8 epoﬂawl@k garticles at high

e c}iﬁ Ll Q&S col | oidal particles at high zeta

tial Val ues.

As to certain embodiments of the invention, the amount of energy imparted to the
sugar process liquid (4) by increasing velocity, distribution, and delivery of at least one
gas (38) into the flow of sugar process liquid (4) in the containment zone (37) can be
adjusted to overcome the zeta potential of the colloidal particles in the sugar process
liquid (4) to promote additional particle to particle collisions.  As a non-limiting
example, sugar process liquid (4) can be flowed through the juice distribution element
(41)(without limitation a BEX PSW 3FPS140) at about 200 gallons per minute to about

300 gallons per minute (between about 27 cubic feet per minute and 40 cubic feet per
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As to certain enbodi ments of the invention, the anount
of energy inparted to the sugar process liquid (4) by
w0 pnesssng vel ocity, distribution, and del i vergT/v$2084/009241
| east one gas (38) into the flow of sugar process
liquid (4) in the contai nnent zone (37) can be 25
mindjel st egréssure\of mbautd Ot se toz ghopit gOtpeint Bettweed ab¢is 108 cubic feet and

col | oi dal. ticl inth liguid €4) ..
oS3 ke PRl T 0 B0 b e o e
digperBof\hhi fhbidl Gf S@F?@?Eﬂc@ss ISHAA4)Rs FEFRSes! thiduiH tHeAdontainment
can be flowed throug he juice distribution elenent

zod 13 Dwi Choditionddniugar propess 1REN FEWnBRIHEIH @) meie @highproduction of

200 | I.ons r..mn 0 t 00 I r ]
1 et L s BeEaBa o Rl B B of s BRIl B gmptigo @ onee
ofWebkgenf #RLt PEF pH2G AB6u? 008 /pBH 908 4n&redeUHZ08 At 214H lower sugar

mnute) at a pressure of about 10 psi to about 40 psi.
coBst ween about 108 cubic feet and about 160 cubic feet

per mnute of gas (38) (air or atnosphere) can be

deliyvered.into the. dispersion af th t

or 00SSY FPieg Sy TRERE 28R, p SRy AR sulr SRR system
cafi et intpeet with A &n(bddimerCoficli sulg c&N @psteiprio@essrdance with the

liquid (4) manifests a nore rapid production of 5 fl oe

ingention iA conienBenrsd qugar PHrcEat FXPLa BIACESSHEAO UL 3 Hiangeé sugar beet
. i f s Y
SRR Sy FyR et 1 ARl HRRL AR o o secon

catlsmations B rof aboling1.8Npercestf @es Fipyre2). mar sugar procBisgaystes which
2 and 6, a conventional sugar process syste can be )
fugtheryaciedesin wr%mne%@g%éﬂ gt 2 YaQiiarhggnsE €69 18 peqoadgnce with
tht InFntiBh %@si)@%tﬂl{b ERfe tohRabd Y RhdR beet chRANE B g&%lrate a “thin
sugar process system proces3ing about 335 tons o
jueypurityedtabotBdiX mescepl) per hour (see Figure 1) can
generate a "thin juice" purity after the second
carbonation (20)_of about 91.82 percent (see Figure
2). Mowugkerring tociEigures ¢andrd, Wif e $QRVERENAl sReer RIS eSS System as
. i 7 .
IS8 AOENAERelT) 808 Fokas BB A hob bugar crvals
frérarthagehné panigéd) bé ebout OS2t mscanawhglertbe augar prddebs system which

Lo e 0 B g UL e
thP iR ehfisn %Xﬁér?@% Iégu %%?(Zd)’ehi’ﬁgmék(@)’ Separie BB Ab& @ystals from the

sugar proces u eparated from sugar crysStals
“Whiterpanti ef dbdit Oé.1Fgetceitt4) of about 93.52 percent while

t he sugar process systemwhich further includes an

aeration chanber (37) and a vacuum chanber (42) in

accoigancrrmihp t40Fidhifsi AVt BORhG %Bﬁ{?e?lftiﬁﬁalas%dﬂ dfrocess system
process liquid (4) separated fromsugar crystals from
opterated aiiéscabghatovefgentraies abaut ¥P.Qleiope nf sugagapnhour having a color

Otl’pare;o%gs&@%ét?ls E{;@a‘% rp(reoscesA's s%igt%msih afcggrdgr?crévv%% {h%qr?\lzen 198 Which further
includes an aeration chamber (36) and a vacuum chamber (42) can generate a greater
amount of sugar (33) about 51.55 tons of sugar per hour having a lower color of 34 RBU.
The additional 1.63 tons of sugar (33) per hour equates to about $5,700.00 of revenue per
day.
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operated as descri bed above generates about 49.92 tons
of sugar per hour having a color 25 of 37 RBU while
WO b4988y8¢ process systemin accordance w t h tPEr/US2004/009241
i nvention which further includes an aeration chanber
(36) and a vacuum chanber (42) can generate a greater
ano l)]dhﬂ@fadﬂﬂ@aal 682 (@bpptodudtidb maynsa®f irs ugargap@rocess system

hour. havi ng, a | ower, col or . of RBU Theadltl
opgraed Moprgorines, yu e dyvepion. W%Pw@ahaqu%uq g Tor a 200 day

c ggri%QQaIQQas?lB/HeeiH%ﬁéé%s PES1,0802000.RD 27 WO 2004/ 085684
P us

2004/ 009241 Wi | e addi ti onal sugar (33)

production may vary in a sugar process system operated

in C ance with t nvention di tiagnal revenue

ol cEapHaP G MG stohp A TP et e TeER AR above are
suffrci@$ Fo0TheHler P06 108QiraAB; <1811 Thehd attl1owhal@ dodridahe numerous and

non-limting exanples along with the description above
vage@embedifeafsarithd igventiot. per son of ordinary skill in

the art to make and use the nunmerous and varied

enbodi nents of the invention. EXAMPLE 1 10 Jui ce was
ExohalRT by conventional tower diffusion of sugar beet

cossettes. control group and an_ experinental group

eacHUKs§ %@Ss@btﬁ@e%foys%ww@@ﬁlameaMlﬁfu&il% Af isegar t@ebcoslsm:ttes A

cogt:rélgﬁfgﬁf‘ aff %rlf 234 ﬂhfeflféf Fl%ﬂlp Jeh'é}f@on\@ﬁﬁﬁ% gf ﬂ? rs%s%ﬂmaﬁ'g ?}({ég ical 500

ot" wt e contro rou e experl
mlg abguotsvaf thenhffysied;jtice Wsueegehwate:dt tach Idllqmitwathm\s;hd @ntrol group

ch ali.guot_ of the diff |on UIC ntr ol
an§ PeFElepial group dvaRagal @sw@vﬁ S @ ¢3shsliquot of
thelélfﬁlﬁr%n ek iR thOERAUBI Efohf)%’é H%hfe%&shﬁ{od Bgatﬁ%ﬁtah&ﬁét within

titrated to an 11.2 pH endpoint wwth a solution of

thé&s@oinel gronplwitheati gy ﬁlrt@@dfaeatlﬁamnval tltcaﬂ@d tovant HiZhpHleedpoint with a

er| al Loup was |na ance with .the
sof ORI e P S "SR Gichfh ARERY BRGRoiaSital #Sup was
tred@ eint abdedarRB dwﬁHCﬂﬁe exp&itione B mhdhqw pH' or adagsl allialuot was
substantially identical fashion to the control group

asqeestamd @md zamﬁmﬁa@mﬂtﬁl almoﬁ t@a@@ iptshbviangfallg @%nmallf‘ashlon to the
coxgt%iﬂ f%oaglglnl %gH u%tltl % fso 8 ,}101% H%S(?%BW év a%aﬁls{s ic soda

allquot of juice prlor to any treatnment had a pH of
about 6. 3. The experinental group after treatnent in

acc dmganats e 36t prianTahlert hebeivhAg crmbe sadagoptiron the gable each
' q

9 R WO 80§ SR eyt v

aftpHtremeeat ti aacordonp avidd theoinvaticnohid ﬁicr@rsélil PH values without the

addition of any base, and required a reduced amount of caustic soda to achieve the 11.2

pH endpoint as compared to the control group.
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30 28 WD 2004/085684 PCT/ US2004/ 009241 TABLE 1.
Untreated Juice nL Treated Juice nL % reduction pH

w@2ausnsw86S0da pH Caustic Soda Caustic Soda 6. BCT/US2064/609241

1.5 16.6 56.31.86.6 1.4 22.2 6.31.86.6 1.4 22.2
6.3 1.96.6 1.6 15.8 6.3 1.96.51.521.0 6.3 1.9
FABIE B 15.8 10 The reduction in the anmount of
caustic soda to reach the 11.2 pH endpoi nt for thel _
al i T i CE iy the exp m Oup T erEd I
accggjggﬁdcée?”\l/l\}lcgh thelﬂf nventi (b?égg%l%ﬁgt)gng“ar ed to (ﬁg fon
ali q@Bts of juice |Q’F“!tﬁ§0@mt PHat ed cothiauﬂtICdem JCmsc Soda

bet & ard gabyut—22 EXA?v‘Pi_%E T
Jui ¢e _was obt ai ned by conventi ona? t onwer di us on of
sugar beeil cossettes Al.8contr ol @6oup and a# 22.2
expet HYeR gl Ot each eRst-sth e

subgt ant i a?l y identi cal 1\850( ?Pquot s ofthe 222

di ffusiomjuice wgre generated. Eaeh &l i quotew thin 158

t he reontrol—egroug—and—t-he—expertpent-al—group—was
analyzed ﬁ) agcmai n t?]g pH val u@g As to e]agh 21.0
al i guot of3the dififusi ongjuiice ingshefcontrpk gfoup 153
t he L\ pHvalue—was—about 6.-1. lEach-25 aliquot within the
control group without any further treatnent was
titrated to an 11.2 pH endpoint with a solution of 30
brixs mlk of linme. Each aliquot within the
experimental group was treated in accordance with the

i nve 0 ich t H of uot S .

asceﬁﬂal IlrgixehgCt nd“i@a%“"é&?ﬂ%ﬁ‘? tl"ﬁ%ﬂ g‘? f‘ﬁﬁlbf lt?r&ﬁéﬂdﬁ%m for the

dighstsaifiiad Inythe églbhhfeﬁ{al brvupitRatet 9n aéé&ﬁia%@@ (}V'itﬁlthcgfhg&ﬁlon as

to an 11.2 pH en int wmth a solution of bri xs
H@@fmﬁh%hquatﬁ ofn@m? ngthe urtrepted epmtrobgroup wa?bbﬂ“@eﬂ about 15.8%
I an be understood fromthe table each

%Iglagé\%ttzﬁ%] uice prior to any treatnent had a pH of

about 6.1. The experinmental group after treatnment in
magnge with the invention had increased pH val ues

Juice was obtained by conventional tower diffusion of sugar beet cossettes. A
control group and an experimental group each consisting of five substantially identical
500 mL aliquots of the diffusion juice were generated. Each aliquot within the ccntrol
group and the experimental group was analyzed to ascertain the pH value. As to each
aliquot of the diffusion juice in the control group the pH value was about 6.1. Each
aliquot within the control group without any further treatment was titrated to an 11.2 pH
endpoint with a solution of 30 brixs milk of lime. Each aliquot within the experimental
group was treated in accordance with the invention after which the pH of each aliquot
was ascertained and each experimental aliquot titrated in substantially identical fashion to

the control group to an 11.2 pH endpoint with a solution of 30 brixs milk of lime.

The results are set out in Table 2 below. As can be understood from the table each
aliquot of juice prior to any treatment had a pH of about 6.1. The experimental group

after treatment in accordance with the invention had increased pH values without the
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base,

addi ti on of any
and required a reduced anmount of mlk of line to

wa@ehimeswsst he 11.2 pH endpoi nt as conpared to PEEUS2004/009241
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control group. TABLE 2. .5 Untreated Juice nL M Ik of
Treated' Juice nL MIk of %reduction pH Linme pH Line

MidikoRbr Ebﬁase?ari’d fkg@ir&i Predudedndunt®rniflc 8f B8 13 adhieve the 11.2
27.3106.14.76.6 3.525.5 6.14.46.6 3.325.0
®HlendpsinsasceadBredido the apirphgroppduct i on in the anount

of mlk of lime to reach the 11.2 pH endpoint for the
aliquots of juice in the experinental group treated in
ae@urlance with the invention as conpared to the

aliquots of juice in the untreated control group was
bet ween about 25.0% and about 28.3%
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30 Diffusion juice was obtai ned by conventi onal

di ffusi on of sugar beet

E 3.
t ower

cossettes and treated in

accordance with the invention using the enbodi nent
shown Thy redrictjou @sthd 2mangk df3nillavt ligeltocaich tire bie? pHesndpoint for the

e mx r.and the pre-linmer. D ffusion juice
aF%o& Sbirisg Hhtheaft@elam%lo&r@undt?a@éupca%réﬁncgewﬂwlaﬁjtrts/entlon as

?lfng% 2d td ﬁxgoa‘ﬁg &915 e GARERd B wd b&w@@ﬁ fhout 25.0%
out OOt per m nute CO r current
pad hbat 282%.nches x 30 WO 2004/ 085684
PCT/ US2004/ 009241

Also, the data set out in Table 1 and Table 2 provides a comparison of two
different types of diffusion apparatus and diffusion methods. Importantly, the data shows
that different diffusers or different diffusion methods can generate diffusion juice having
significantly different pH values even though pH values attributed to each type of
diffusion technology can be substantially internally consistent. See for example the initial
pH value of the untreated diffusion juice in Table 1 which shows a pH value of 6.3 as

compared to the untreated diffusion juice in Table 2 which a pH value of 6.1.
EXAMPLE 3.

Diffusion juice was obtained by conventional tower diffusion of sugar beet
cossettes and treated in accordance with the invention using the embodiment shown by
Figures 12 and 13 having location between the mixer and the pre-limer. Diffusion juice
dispersed at a rate of about 100 cubic foot per minute into a flow of atmospheric gases

generated at a rate of about 400 cubic foot per minute (counter current path of 72 inches x
30
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72 inches with couter current path height of about 144
i nches) generated transfer a variety of substances

WO p@ai083se4 di spersed juice as identified by gasPCT/US2004/009241

chr omat ogr aph/ nmass spectra analysis shown in Tables 1
and 2 below. 5 TABLE 3, 1 Acetic 2 Propanoic 3
32 iashby vt caiter eurreht padhi haighi 6f dbodt Mot Myhdy Q&rﬂi’dlb& traffsfer a variety
Pontnt0|c 7 5- hIetItthoxan0|c H_.Hexanoi c 10

Pf sphsimepseiramabedispersed Juigmascidentfied by ga&td@fomaiogzaph/mass spectra
Qnarlrkfsw sﬂownlp"l:';ibles ] ande%Iow’ r-.- S E

t . r.;.

vas e oo, t'n,ortt, ~ ..r.~ 2.0 30 4 0 50 eo 7.0

iﬁ&ggg lo.b 110 12.0 130 .10 20 Table 3 shows gas
%ography anal ysis of sanples SMBSC 1 and SMBSC 2

(condensat es obtained fromgas flow after counter
current exchange with juice as described hgrgin) with
t he chromat ographs of those sanpl es conparedwmwth a
gas chroirat dyraph of a sanple of a standar gtk Xt r e
of organi¢ adids listed as 1-9 above. As?canMidgpenanic
under st ood, tifeatnment of juice in accordancaﬁﬁﬁghghe
invention|renpved varying 25 anounts of ¢ eag+morganic
acid incIJdeg in the standard mixture. 30 31"
2004/ 085684 / USP004/ 009241, TABLE 4. 1.
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Table 3 shows gas chromatography analysis of samples SMBSC 1 and SMBSC 2
(condensates obtained from gas flow after counter current exchange with juice as
described herein) with the chromatographs of those samples compared with a gas
chromatograph of a sample of a standard mixture of organic acids listed as 1-9 above. As
can be understood, treatment of juice in accordance with the invention removed varying

amounts of each organic acid included in the standard mixture.
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4. D methyl zul fide 12. 2-Methyl butanal 5 (ybundon= 5
Met hyl acetate 3 6. 2-Methyl propanal 7.

wQ2@4Mmsd68nedl one 6. 2-But none 1000000 2 9 BOIZOKL004/009241
700000 4 10 sooaca 1 11,12 400003 7,8 10 1~ 1 30 6
aooooa 5 loc= 200 3.00 4.00 5.00 5.00 7.00 8.00 9.00
1ABBE 411. 00 1200 13.00 14.00 15.00 Tinme-> 15 Table 4
shows gas chronat ography/ mass spectronetry anal ysi s
of sanple SMBSC 5 D (condensates obtained from gas
flow after counter current_e ange with. .20 ice as
descri bed herein w thout uzseé%gb%xolrg%uced plfusasEujl ?W,;pgm
a juice tenperature of betiNe@Hm@OC and 70C.wi-tdthyt Hrenal
chromat ogr aph of this sanp %?ﬁﬁ@z var i 6ts> s
conpounds®Ti"8i ng above a bgsgy aying a curvature
predomi nated by a variéty x)fzafsaiwawﬁah 25 The basic
concepts of thelinventijon HPra?yaq?em@rrbod| ed and cl ai ned
ina variety.o waysz {The invention involves a juice
condi tioner Sys{em uséfful for the production of
sugar, mnet FBs fifg and usi ng lenbodi ments of the
i nvention, "&fd 1 produ s4gener ated by using the
i nvention. 3¢ Wi lie spe
t he |nventﬁﬁw ar e (di sd

many al t er nat isvgs-lan 5 : A
feature or el eﬁ@nf‘”ofm s |°°n\7%°nt Fof® ‘§°° 1&)""b%‘x’ T 14 50
understooa to be representative

Table 4 shows gas chromatography/ mass spectrometry analysis of sample
SMBSC 5D (condénsates obtained from gas flow after counter current exchange with
juice as described herein without use of reduced pressure with a juice temperature of
between 60°C and 70°C with the chromatograph of this sample showing various volatile
compounds rising above a base line having a curvature predominated by a variety of

alcohols.

The basic concepts of the invention may be embodied and claimed in a
variety of ways. The invention involves a juice conditioner system useful for the
production of sugar, methods of making and using embodiments of the invention, and

products generated by using the invention.

While specific illustrative examples of the invention are disclosed in the
description and drawings, it should be understood that these illustrative examples are not
intended to be limiting with respect to the generic nature of the invention which
encompasses numerous and varied embodiments; many alternatives are implicit or

inherent. Each feature or element of the invention is to be understood to be representative
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descri bed in device-oriented term nol ogy, each el ement

of the device is to be understood to performa

bhadkéaaer filletidmer of heraesatidtplof aemativd HiCequi @il ¢t RMINGGYs. Where
is intended to Ijmt the scope of the clains herein
thecleayemios slewept 1Sgleseribed ip denicaopigntse temROlaEY Hrsgh element of the
Hevikd G L &rdeY understSEHO Y g)epfgm"ﬂ ncfj%ﬁxfbttiggd N}éﬁﬁeraﬁlet 8&cription nor the
di sclosure relates to elenents o the i nvention, the
womitwlégyr iseintdnded eordimit they sdope exfphe siaabs therang Unsladegngolely to an
apparatus ter or method terns -- even if only the
Fﬁﬁ%@?%ﬂ”@@lpggg¢t is the same. Such equival ent, 10

broader, or even nore generic terns shoul d be

consi dered to be enconpassed in the description of

each Epwsigalatlyott shewlil de. understood dhates dhe diselosuigselategtte ¢lements of
e ir k [ clt i I.Clqt .

e N e —

Cis of Xatldaernhd -- haulfdnbehu figetish 00 eksiiad thalshmac Suesquivalent,

may be expressed as a neans for taking that action or _ .
QEOAGFT, OF SYBREMYURI SRR RS shadld b consiflerss) 1 bgrangompassed in the
QQ%B ROY 3F %Q(!h LRERNS: deBof] %Qllcﬁﬁ%ss&ﬂ%éjﬂﬁ%imted where desired to
un epstood to enconpass a disclosure of the action

whake hxpliviitthe phplsdittyabroed eoverdgeftaeihlidht thisasvenRegds dititigd. As but one

this |ast, a ct,.as b 0 xanmpl e,. the di scl osure. .
SFeSpIef i oS HieEStpr b aCal Pt dheydiciipEesEl as & Means for taking
t€ @6tfdrodast £ SBMRAPRBRH ¢hiteh AeMLeHQ]. ShSilarBLba®f physical element
"flow ng sugar process liquid" -- whether ex |ICI¥|

disslosrss slepudd beownderstegidfo epenmpass @l gisclpeyre Q émeactio¥1 which that
f Lvel .$cl.0s £t t.of. " | sugar .

gfr%sgcgais él\éﬁeétuﬁéﬁ?gt ol’%e gﬁh% tg}esslgﬁq gg%ercté aé hg’e&"}n% x%m%ﬂe, the dlsclosure'

ungéflsvadduiar procssPigeis” dhaudd 68 uheersiood t6 Bheamks 8dgasure of the

process |liquid" and even a "means for flow ng sugar
prtotlesdowing fugar pepreps ilﬁ‘élﬁg s Vadher appdicitlyt dipeussed g not - and,
| i i i n i b <+
SESIRL PR HEEOLAR 9 REIBRES L SEPDURD, bl i
vachi etdyschifsuehstrogs beraynderstondide dnoompass dAscloswve nff iaotfl@s of sugar
described. w t hout arting fromthe essence .qf th
PHRZETSC B anﬁhj@en&qg P98 G dlaies ﬁﬁ%@m@ssraﬁ@ﬁgt-héuﬁl changes and
githitfelieBE0RE td@ﬁﬂcﬁ}s’coﬂ&g%e ek NRit9 RRfud¥atd @Je)ﬂes 'gﬁion.

implicit alternative enbodi nent's, and the nethod
processes are relied upon to support the clains of

t hi [ ion. .30 ts, [ ' ,

ot her AP aphahaBeing b ritesfaB et wliigiof SR e be made to the
BRI A5 RIRIAY withe® Beaatd fidvn MBS @KQMEE of! the invention.' The
addition, as to each termused it should be

diselepwe sngompassingnbah ghe expligit pinbedimsat(s)sshavanribe greshtvariety of

with.such i.nterpre [.on n .Gt [ .
B et B SRl FEFRRR 43 B Pl boslpdgpon to supor
tefutdien o€ tHiospptiaation. er m

Any patents, publications, or other references mentioned in this application for
patent are hereby incorporated by reference. In addition, as to each term used it should be
understood that unless its utilization is inconsistent with such interpretation, common

dictionary definitions should be understood as incorporated by reference for each term
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33 WD 2004/ 085684 PCT/ US2004/ 009241 and all
definitions, alternative terns, and synonyns such as

w@emkasieed i n the Random House Webster's UnabrCTygmo4/009241

Di ctionary, second edition. Thus, the applicant(s)

shoul d be understood to claimat least: i) each of the

gndi g deﬁ}uﬁ@:md IalthBﬁWe feyrat,eail 8@ohpheisictl s eb@s@ed andhe Random
descri bed, i) E el at ed methods_di scl osed and

Heuse Wehster'si {riapri gﬁ{]P]&FlonaébLﬁe?fg}de‘?ﬁiﬂﬁonand even inplicit

vari ations of each of these devices and nethods, iv)

those alternative designs which acconplish each of t he

f unctTImssthesalple:an&s) ﬂmal&:llb@@lh@s&wb(hwdclﬂhﬁsaﬂehmdi) eudh of the juice

e alternatlve de i C .
RERRpR SRIeBRCH TR R OHE Erb B B 48° Srlated msthadscdisclosed
atn@ A5, |1§)L1 siohigdr, Whiichents add b8 GhRHeH @Rdtions of each of these

descri bed, vi) eac eature, co onent, and step shown

deyioge padametheds, nr)na@p% rifematiye ﬁltghfb rrhiclyi ac)tomplesh each of the
ﬁﬂ&ion% g&éﬁ@gl %{:@F@ﬁs}% d Qx)fd 8{%%1[‘1% qs? yiﬁér%at Ve eg{ggs and methods
xpmohzl deRehphigh sabhofals ﬁmnﬁomrshom I@i@@ﬂﬂﬂt;ﬁl,cxtltéﬂ hcdm{ﬂm@ld $hat which is

appar.af uses substantially as descri bed
Cﬁﬁ%ﬁeﬁp dfeé \Snftaﬁh rfWPéﬁ%P‘?@%@doﬂ*eﬁ Bown as separate and
y. I 0
iR *“';i’%“%‘% "RUEhe obplibfich® AhEHMCHYORR varous systems or
@mposeren disglbdedi tvm)arth@tneﬁmsng)fpre&mm qfroduved eby sspsh esystems or

%gg)g%ttggd é%%hl %sft apepa?aldﬁﬁ%% Irysaﬁ ng‘)e(;i; gesal\{l‘gedc Eerembefore and

Wits edeepek BNGhiHes el R8Gmpatlyirg eidﬁﬁﬂ@s &) ted fb?étbd’ ?nethods disclosed
devi ces and ret hods whi ch acconpli sh each of th

a(ndn@qsp@b@ St wimikes, aqlevalmJ pd tevem 1@@b91|hrp4anghortshaﬁ each of these
cl.osed ser i.bed, ivx) gach feature,

sm't)]tﬁrrr)l(s) n%nﬁit %no S, gu%qg S8 V\% asa‘uis %es%%xp A gw nabc.compﬂsh each of the

funéipe I’Hﬂ@ﬁ'h asi’l‘dﬁHWHis@mSed Xid deB@ibed] x@di)s tHoserhiltedhtian evices and

and pernutations, of ' each of the above and xvi) each

Heheds which peqoppdish eagh ofithe ﬁansiwrtsoﬁhe@ptas AES lanni@ﬁé@. deqemplish that
f € e r
O 3 RN A RBRA, 1l el BREHE ARy BBl B8 step stown as
ppaetei andl indepeadens intdndorpplv) deenvarivay combiriatbhy amt p&mmtatlons of
ar atus..or nethod.clains and then only
s oF b SRS AR AT S Fereiays Rodhien! gt chentsli e dependency
A Bach hx@ﬁ"&ve?foxﬁ’é S5RO IndeHdEh QR Ins 0P H6RE gg%?éseﬁt'éd
dependent ai ms which are supported by the
description durlng the prosecution of this

?nglhltlgal% ?CP PF élng%rﬁttggﬂ é(grta}ig]r%ﬁtlcag ?%sérlfsgﬂl | prlilcan rmve%/S 1nat|iellly present
SO hpaHAed SmethoB ™ dims @hd Heh@nly §Atihifidl Aébendencies. The applicant
applications to claimthe various inventions described

dges heluwaive st aghtdn pwe@@d@ﬁyn@hademenm of demnémt glaims which are

?ﬁ]g rt)eﬁagg:jﬁh &e%?ﬁlzgheong 1?1’1%%'{%%&3%%5%5 051 %% E% 10{;1 (I)rP N1RE applicant

sppgfitadigiregstvesrdlr ﬁlﬁlﬁﬁ to ﬁl&&:oﬁﬁﬁla@f)ntdielstdnaﬁ@ﬂtiriu@tﬁkﬂi -in-part, or other

phrase "conprising" is used to maintain " gen-
continuing applications to claim the various inventions described without limitation by

any claim made in a prior application to the generic nature of the invention or the breadth

of any claim made in a subsequent application.

Further, the use of the transitional phrase “comprising” is used to maintain “open-

end” claims herein, according to traditional claim interpretation. Thus, unless the context
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end" clains herein, according to traditional claim
interpretation. Thus, unless the context 34 WO

wQom4H888684 PCT/ US2004/ 009241 requires ot her M BES2004/009241

shoul d be understood that the term "conprise"” 'or
vari ations such as "conprises" or "conprising", are
raquizedettletwdsd, ipfhpuldtve undedstost dinat dlfe @18 tadraprisl’ @@ atiativhs such as

tep or gro of, el ements or .steps._but not the
2 Rj‘g@pgﬁoro‘?c%gws%ﬁeqre éIilt%IH%ﬂttO 6’?1131:}{ @ﬁ lB?lUSl@lil 8@5 sipted element or

@t'eﬁ'@?%?n(glgoéf SERBRs ookERs b t@%ﬁi&f?fééﬂfétﬁée@élﬁqeﬁtrbr step or

their t expansive 5 formso as to a
arspbi dasiemertie obsteasl e Sucl darms aspeuldelralritgrpéadninsthielyl reost expansive

he clains . set.forth in this.specification are. hereby
FioPuBetneny® aitptluePelopEfietise Ko odfiertblst o
of the invention, and the applicant expressly reserves
the right to use all of or _a portion of such
i ncor | b shoégs egrfpehin 8ris speeification are heschydiarerporid toreference as
. r. . r .
HE5 S Rt Ueirp o BERE hycAlt, Anddhe Bhnlih Hifihyelliy® e right o
fiser bliesf expr @sgion ofsedh éscotpgueated gﬂmhteglo dfomhaayifms as hadditional
ortion of or all of th i pcoyr porated content of suc
FSSTIRECT IO SHRPOR abrdtor of o sfﬁi@m Of ABY &lsmen} pfrFetpRenent thereof,
i B [ .
P O Sty b Ry 0¥ S8 KED . i BEREERFOY all of the
ngotperatedn sphtestadf snchoclabys anyanyudlsmauicot componantidhéreot, from the

i vi.si.on, .or. 15 continuation-in-part appljcation .
ArREHER uf e SRR o i et rPoitary PR P ofE mptter for which
pRBStioRUS Sthaht blyQhisQpplicatieANRI By Myt SubkbifieRREQMNuhBNE division, or
rul es, or_ regul ations of %gy country or treaty, and
seninuatini-ianpart ApRicptemthegeddy or &4 ebtart any heh¢fitsefs wedustion in fees

' he. ent i f i pp) | i

Mol 5 e RECHE B RSSO GG ey commey or
tredty] abdtduoh- ¢ontgparibhcap@latedaby alfdréieesallosur@ivg during the entire
rei ssue gr extension theregn. 35 WO 2004/ 085684 o
penrenss o4 g ogpplicatipn, ingluding anyc sabseduent 1continggtipny division, or
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t hrough said aeration chanber coincident to a fl ow of
gas through said aeration chanber; and b. a
condi ti oned sugar process liquid which flows fromsaid

aeration 10 chanber. 2. A sugar production system
conpri si ng:
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15 and b. a conditioned sugar process |liquid which
flows fromsaid vacuum chanber. 3. A sugar production
syst e O®Pri sing: 20 a. an aeration chanber, wherein
a sugar process liquid flows through said aeration
chanber coincident to a flow of gas through said
@gﬁ@%ion chanber; and b. a conditioned sugar process
lirquid which flows fromsaid aeration chanmber having
an increased pH 25 4. A sugar production system as
described in claim3, further .conprising a vacuum
dhanbél SUSRRBIOSPH QY o tITRTOHed sugar process |iquid

whi ch of | ows fak @fon SRdheR e Rdrkid Faw GRiREBBRidel En blahoM@Rrial flows
an evacuation zone wthin said vacuum chamber to

ithronglasad pétatisn clianshey aeingidenids ¢ fhyws peags thromgh isaidragratieg chamber;

a. .a vacuum chanber, wherein a sugar process |iquid

faflgvvs t hrough an evacuation zone within said vacuum

chanbey ; and cBadiBodn didal Of@6ess UGid PTvBEBS SloksBbsh said aeration

which flows from said vacuum chanber havi ng an

ichembersed pH. 36 WD 2004/ 085684 PCT/ US2004/ 009241 6. A

sugar process system as described in claim5, further

conprising an aeration chanber, wherein said

condi tA ened pfodgationyysesss sothpdgingt whi ch flows from said

vacuum chanber flows through a cantai ppent, zone .

Wi i - sai ARARFRET GBI BRFCing ey itic 2B R, fFam planjymaterial flows
18 CHAC 1 's&d! ¥ABuum chamber;

B b R e LR S A ’

saidd aeration chanber coincident to a flow of gas

t hrough said aer.ati gn chanber; b,. an a nty of Linme _ .
added %o a acc?ﬂﬁ‘?‘ﬁ?% e&u%aﬁggﬁ'ocﬁﬁsog%lg le%‘gculﬁi Lo g said vacuum
fdhWser. f rom sai d aeration chanber; and 10 c. an anount

of carbon di oxi de added to said conditioned sugar
process |iquid to which said anbunt of |ine has been

dded, , wher eby., sai d dit | sugar process liquid
ﬁ%s'af?gﬁﬁ%gg%gﬁﬁhﬁ?ggﬁhSéhggﬁg%npared to said sugar

process | i qui geratuncéhantbes swindéinfd ewgak prategh ligaiddflows through said
aeration chanber

~ aeration chamber coincident to a flow of gas through said aeration chamber; and

b. a conditioned sugar process liquid which flows from said aeration chamber

having an increased pH.

4. A sugar production system as described in claim 3, further comprising a vacuum
chamber, wherein said conditioned sugar process liquid which flows from-said aeration

chamber flows through an evacuation zone within said vacuum chamber to increase pH.

5. A sugar process system, comprising:

a. a vacuum chamber, wherein a sugar process liquid flows through an
evacuation zone within said vacuum chamber; and

b. a conditioned sugar process liquid which flows from said vacuum chamber

having an increased pH.
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15 8. A sugar production systemas described in claim
7, further conprising a vacuum chanber, wherein said

w@ oovdiogieened sugar process |iquid which flows PeDOSBA4/hI241

aeration chanber flows through an evacuati on zone
wi thin said vacuum chanber. 9. A sugar production

GYSt e 6 MbbdEh Rkterd Qs Ales@ibed 48 WiiTine hafiipher cosgrising an aeration
sugar process |iquid flows through an e\(acHat %%p zong
chiatbery velzreln \said Lnondlicihaerhetear procgss hgid Athigh HPWhndromygug vacuum

0 a conditioned s -J 4 QUi I aRhiheYS, | H.
GtpaheEdres e SHERR AGRE T Crchitcfieph Uty increase
di oxi de added to said conditioned sugar process 25
liquid to which said anmount of |inme has been added,

Ther ebyugainsodisien PSR OVRYIPE process |iquid has a
reducgd a.nﬁﬁgér n EQnYer CORRRMES sﬁ%\rsﬁb&ﬁ@ Ggaid AbWE EEBugh said
liquid whic 3

oes not flow through said evacuation
ZoatonathasdidconaddentriochBons of gastibroughseidaeratios ghaabai

system as described..in claim?7, furth rL.sing: .
aer at?-on @ba@%‘ﬁ’ﬁ‘ﬂgp?w\ﬂag? eiCrf dggﬂgloég(ﬁéfgt%?gﬁg%féslﬁgﬁhwh flows
? RCERBackdtIMi HabérSind | ows from said vacuum chamber

ows through a contai nment zone within said aeration

chanber. 1dn amovuigef cpbedubieridn adjet dmsaidosARdiingg; sugar process
ﬁ%lgﬁﬁgrzv%% g%g?%ﬁlou%%/f YReORA Qg&zﬁ(?deﬁ' aﬁ?ﬁeog;sgitd' Qhditioned sugar

a sugar process qui t hr ough
?@cgss RRIEkdsAedhrirbRbue el dd eomptied do fdidengi pyaess liquid which
hrough sai d aeration chanber; b. an anount of |ine
dersedt flowdhroy el paid agrations €brocess |iqui'd which
flows fromsaid aeration chanber; and 5 c. an anount
of carbon di oxi de added to said conditioned sugar
BI ocegSsughi fitdiddction syiemhassdeiscritzndoo relainf 7, fartkertrempiseg a vacuum

S, MhCL e 2L PR IS 8 PRARIERL O it o,

SHARS or o588 Dukt StEHcuMdinGidnd 08miNaid Ydcaum! desbgh sai d
aeration chanber coincident to said flow of gas

through said aeration chanber. 10 12. A sugar

roducti on system as describ i.n claim 10, further
gonpr i‘%?%@r%%&é‘gﬁﬁﬁ?&t@ﬂa%r%g%er ein said conditioned
sugar ,pr 0C@g Syakingthi dhambbG viidreinsa fsugan matals depiat iflows through an
chanmber flows through an evacuation zone within said
v penepeithin s8d yacuum ehagletpr oduct i on syst em

conpr ib‘?’i N840 amount of lime added to a conditioned sugar process liquid which flows
from said vacuum chamber; and

c. an amount of carbon dioxide added to said conditioned sugar process
liquid to which said amount of lime has been added, whereby said conditioned sugar
process liquid has a reduced amount of color compared to said sugar process liquid which

does not flow through said evacuation zone of said vacuum chamber.

10. A sugar production system as described in claim 7, further comprising an aeration
chamber, wherein said conditioned sugar process liquid which flows from said vacuum

chamber flows through a containment zone within said aeration chamber.

11. A sugar production system, comprising:
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a. an vacuum chanber, wherein a sugar process liquid
flows through an evacuation zone within said vacuum

w@baaeiss4 b. an anobunt of |ine added to a condPCT/O82A4/009241

sugar process liquid which flows fromsaid vacuum

chamber; and 20 c.. an anount of carbon di oxi de added

to sahd copdiatratitre dhanigmy wheeireasughi procekstlgunhiflolvs through said
sai d anmount of. |.ine haggbe n-added, where

ST (gber GUREHOR 1 5 DeB ot g o b hc i CORhFo unt

of 11 gesal 3 aGaiRak fhel Adedich SHARonRH AP Brddb@Uidhid which flows
whi ch does not flow through said evacuati on zone of

Saivdsaichoarationothambey, an®5 14. A sugar production system

as described in c a er risi an..

aerat fon ¢&h @ﬂ’c?élp %\ﬁ&’gbgpn&%ﬁla a@gﬁ‘gq? |58‘r§1egmsdqté%}ed Sugar process

Hﬁ@i@et%swhlcﬂ Whid MAdER Jfl10MS hh @8RS addbdy ateiy sahipbielitioned sugar
'ows through a contai nnent zone wt hin sai d aeration

pmmelnquld Bas Ar@h@@d alpiprmft linggsally spmpgred donpaif sufey: progess liquid
th‘{?}sdc}%g ?@tu% thro TGl adih) agl eéhﬁm%gls SfGad BESn ﬂ!o{évac}f' g% through

sa| Aer At er col nci dent
kdiowe@fiof dsanifer.ough sai d aeratlon chanber; b. an
anount of linme added to a conditioned sugar process
quid which flows fromsaid aeration chanber; and 38

\f@ 20%‘%}&% ﬁrgéué;t) /s g§g1910a‘§/ L0344 i clafif l@”le't‘BEr &fmpnsmg a vacuum

car bon to said conditioned sugar process
chaynbet, tvhensin e seriditi@red umargprobéssdiqhalkswhish flavddfrdm said aeration

ereby s condi ti oned sugar rocess I| d has
V\g SﬁgﬁoPe‘% an BYATHFTAR 10 eé*ﬁhg“ %ﬂé&?"“ﬂ% B0 i d
whi ch does not flow through said aeration chanber
coincident to said flow of gas through said aeration
53chanPbmgarm@ducmosugmmpqmdlmﬂlmg)n system as descri bed
in cl a| m 10 furthe

wher eifn saiff ‘ESWHT G Sﬁlgglpsw er?lgpr 3¢ Cg& Eléeﬁghgi@vgﬁ flows through an

b Gt b eReSALEn 84 *bdua clehdher flows through an
evacuati on zone within said vacuum chanber. 10 17.

sugar bpr od@eemerntsyfdinemidded ipp pardigoned suga P&%@%Wﬂuld which flows
grl?)nv?a%\/ac er 8lhpd- Shgar process. liquid flows through

evacuatton zoné w thin said vacuum chanber; b. an
amountc, of |anm1’ncaﬁhdﬁ dacbom Gromitiet admi&édos&aghno@bmmsugar process
|iquid whi 15 f
hqgnd to whic sal gr\ggunt of 111{’18 rﬂag %Ieen agge uryvh%pe%r}]lbs%d concﬂhoned sugar
process liquid has a reduced amount of limesalts compared to said sugar process liquid

which does not flow through said evacuation zone of said vacuum chamber.

14. A sugar production system as described in claim 7, further comprising an aeration
chamber, wherein said conditioned sugar process liquid which flows from said vacuum

chamber flows through a containment zone within said aeration chamber.

15. A sugar production system, comprising:

a. an aeration chamber, wherein a sugar process liquid flows through said
aeration chamber coincident to a flow of gas through said aeration chamber;

b. an amount of lime added to a conditioned sugar process liquid which flows

from said aeration chamber; and
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c. an anpunt of carbon dioxide added to said
condi ti oned sugar process liquid to which said anpunt

wo@ookiosseshas been added, whereby said conditi oPEHUS2004009241

process liquid has increased purity conpared to said
sugar process |iquid which does not flow through said
evacugt i onaz ameumf of aarhon aﬁwudm calda@d)ecr saidOcab@itiohed spgar process

ﬁéﬁg :thgvlylp(;gh 3%/} g?gt}r&]?lfs Bg ?{?@{1 b q:en @ﬁ@ﬁe%el’gggl g?«[nd Sonditioned sugar
ﬁ@%stﬁ ggﬁ‘ﬂasqﬂ&%se@ bﬁﬁ@ﬁcr%o japkd @ Y Sldaf hrovEssTligam waicH does not

acuum gh a contalnnent zone
flbwhhroughisaid merativn charoberndwancided@ to said flow of gas through said aeration

chamber.

16. A sugar production system as described in claim 10, further comprising a vacuum
chamber, wherein said conditioned sugar process liquid which flows from said aeration

chamber flows through an evacuation zone within said vacuum chamber.

17. A sugar production system, comprising:

a. an vacuum chamber, wherein a sugar process liquid flows through an
evacuation zone within said vacuum chamber;

b. an amount of lime added to a conditioned sugar process liquid which flows
from said vacuum chamber; and

c. an amount of carbon dioxide added to said conditioned sugar process
liquid to which said amount of lime has been added, whereby said conditioned sugar
process liquid has increased purity compared to said sugar process liquid which does not

flow through said evacuation zone of said vacuum chamber.
18. A sugar production system as described in claim 7, further éomprising an aeration

chamber, wherein said conditioned sugar process liquid which flows from said vacuum

chamber flows through a containment zone within said aeration chamber.
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