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WD 2004/ 096821 PCT/ GB2004/ 001759 1 | MPROVED
CRYSTALLI NE FORM OF SUCRALCSE, AND METHOD FOR

WOERODOESNG | T 5 FI ELD OF THE | NVENTI ON Thi s i nRENGB104/001759

relates to stable crystals of sucral ose having

i nproved handling properties] and a nethod for meking
the crystals. BACKGROUND CF THE | NVENTI ON Sucr al ose,
4,1',6"-trichloro-4,1",6"-tri deoxygal act osucrose, a 10
sweetener with a sweetness intensity several hundred
times that of sucrose, is made from sucrose by

repl aci ng tIMPROMEDR>GRYGFALIIAE FORMeOR SUCRAILSE 6'

positions with chl Qri j | ose is
techni cally chal gM%?HQ%E§8§Eh§pq9éwﬁi€d to

sel ectively replace specific hydroxyl groups with

chl orine atons, while preserving other hydroxyl groups

i ncluding a highly ctiv ' ydr oxyl group.
Nuner ous appr OachesJFSGE"Sﬁ?éﬁ-ggmﬁpgave been
devel oped. See, e.g. US Patent Nos. 4, 362, 869,
4,826,962, 4,980,463, and 5, 141, 860, which are

expr e$ﬁﬂs>4nt/@ﬁt@<5ﬂ99élat:@éit&§fa®|@ chétaI‘sfo%ﬂﬁ:F@l@se having improved
Crystallization is widely used to purify and recover

e gﬁop g 5‘&&1%%%9!«1 c!PFBrr'?u%kn @rystaF s, sugar,

sucr aloSe related substances. [ zation is
carried out by inducing the formation of crystals in a
WD 2004/ 096821 PCT/ GB2004/ 001759 2 solution, followed

by separating the crystals fromthe remai ning sol ution
BACKGROUND OF THE INVENTION

Sucralose, 4,1',6'-trichloro-4,1’,6'-trideoxygalactosucrose, a
sweetener with a sweetness intensity several hundred times that of sucrose,
is made from sucrose by replacing the hydroxyl groups in the 4, 1’, and 6’
positi\ons with chlorine. Synthesis of sucralose is technically challenging
because of the need to selectively replace specific hydroxyl groups with
chlorine atoms, while preserving other hydroxyl groups including‘ a highly
reactive primary hydroxyl group. Numerous approaches to this synthesis
have been developed. See, e.g. US Patent Nos. 4,362,869, 4,826,962,

4,980,463, and 5,141,860, which are expressly incorporated herein by

reference.

Crystallization is wid‘ely used to purify and recover compounds,
including, but not limited to, sugar, sucralose, and related substances.

Crystallization is carried out by inducing the formation of crystals in a
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(the "nmother liquor"), i.e., recovering the crystals.
Sucral ose typically crystallizes fromwater as

woeediessshaped crystals, as described for exaP@l/eBRiv4/001759

U S. Pat. Nos. 4,343,934, 5,136,031, 5 4,980, 463,
4,977,254, 5,530,106, 5,498,7®9, and 4,950, 746. Many

of these crystals ty Lcalgy have a_| engt h-to-di aneter
selusion. dellewrayi %ﬁyarfg%wg tag Siystalsifrem a’tﬁ)[ﬁmitﬂ”i? SgHtion
in sone cases even higher. |Indeed, all previously
KEHnMethert Bauors htiin reeesigetheotrydtaleh t he

applicants are aware produce needles of this type.

Typi cal ly, many such needl es are broken, 10 which

produ réiegg ?g@??ﬂgﬁ c%él@iﬁgp RSN GlREF as %%ehﬁ%baﬁ%c\i/ grystals,

si gni f1cant needl es remain

hi L/.D val ues, Suc rystgal line S oor
Asriherngediel BRempieh B PRNGR G 5ea pot tien

na [ difficult i,ncor i nt o r i Qns

05 R0 e itk o 40 T e 708, S8k b0 ¢ s Sy of
difficulties have been reported in the 15 patent .

thegs sfyftals typically hayeea lanagh-tpadiamegser §LAgabratinpranging from
Sankey di scl oses a nethod for increasing the

fabowaBi: Litoyabsut 0y d: andiinsome casessevary highest ilngeedhall
crystalline material in a fluidized bed at anbient
tpeapieuatyukreowin tchy stallidation msooésseatafrwhitbltheapglibgnks are aware
fluidized drying phase. . In U S Pat. No. 4,918,182

tpodack aeadles dfithist typee Tywpidalbglrmany sidh ¢iepsited dteBroken,
sucral ose said to have a nean particle size of at nost

Lehieh prodsced Whddsifable euens Nehetiesleasl)at IkBst aBIdHHEANt fraction
particle size being no nore than tw ce the nean

tQ)grtﬁéi{]ei%mé‘s %rnéﬁ‘ﬁ%g%@xa%ﬁi?l?})/?o\;ﬂhés.pS%@Hcéry]%%llgr?ai Sucralose -

bit enhanced stab eat. A net

AU Warkdif gt HlrGBeriéfcg ML RS BboF FOWHANEA SR

difficult to incorporate into formulations with other ingredients.

Attempts to overcome these difficulties have been reported in the
patent literature. For example, U.S. Pat. No. 5,932,720 to Sankey discloses
a method for increasing the flowability of crystalline sucralose by treating
the crystalline material in a fluidized bed at ambient temperature with

additions of water, followed by a fluidized drying phase.

-In U.S. Pat. No. 4,918,182 to Jackson et al, there is disclosed
crystalline sucralose said to have a mean particle size of at most 10 microns
(with 5 microns preferred), the maximum particle size being no more than
twice the mean (preferably at most 10 microns). This product is said to

exhibit enhanced stability to heat. A method of enhancing the thermal
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stability of crystalline sucralose is also disclosed,
conprising jet mlling the sucralose to reduce the

w@aootiogdsel si ze, and render the size distributiPCI/eBeiw4/001759

that the maximum size is no nore than tw ce the nean.
Not wi t hst andi ng the foregoing3 there renmains a need

for stable 5 sucral ose cry st al s that have good

srakiiyi of Q"}’S@Hmw@’ﬁi% 'ésa Isq disclasgsl FOW'S'W%M milhgg the
post-crystallization processes to nodify the crystal
shajadose BUAdARY thE priE cleNsEaTa N reémdemiheasipe slistribhéion such
invention is a nethod of producing stable sucral ose
thigtstthel makimuomasige és abavere than twite theemeebhod

conprises: 10 introducing a feed stream of sucral ose
solution into a system causing sucralose crystals to

form ¢o ousl n the syst [ enovin
st reaﬁa B BRI e by BB %ﬁ%rwﬁam;ﬁp Padtt Btevre
alsfro thesstem ont|
SR GYPHS S 80P AU ALIY SHareaisistcs nereferably not
syst em 15 and separating sucral ose crystals fromthe
FRGRIIAB er?S}BzﬁrYStéfl'Z?H@ndlfpﬁmsessﬁor@ﬁﬁ‘if)’\&?i@rCéYﬁaﬂ reape.
rates of introducing, renoving, and recirculating are

controlled so that sucral ose passing through the
system has, on average, a residence tine in the

system of at | eastgfjpimMale@rsTHRTAVERTZORE/ 096821
PCT/ GB2004/ 001759 4 drying the separated sucral ose

crystals at a drying tenperature of about 85F or

bel ow. I n another aspect, the invention is
conpodn pngraS@@ﬁg)rthgnnge@m%psea method of producmg stable

sucralose crystals from a sucralose solution. The method comprises:
introducing a feed stream of sucralose solution into a system;
causing sucralose crystals to form continuously in the system;

removing an output stream of sucralose solution including sucralose

crystals from the system; and

continuously recirculating a part of the output stream to the system,
and separating sucralose crystals from the remaining part of the output

stream;

wherein the rates of introducing, removing, and recirculating are
controlled so that sucralose passing through the system has, on average, a

residence time in the system of at least four hours; and



sucral ose crystals, at least a portion of the

sucral ose crystals each 5 conprising a plurality of
wa@eoggdski ne sucral ose domains. In still anot hB€T/GB2004/001759

aspect, the invention is a conposition conprising

stabl e sucral ose crystals, gederally tapered in shape.

WO 2004/,096821 PCT/ 652004/ 001759 ESaBRI DESCRI PTI ON

OF THENORANRGS PRI YEFSUCTRloss CEEsarfatl @ dryingstgapgraiure of

of a crystallizer systemsuitable for nmaking

@Ib9§t§5¥|:@é balewal ose according to the invention. 5

Figure 2 is a photom crograph of prior art sucral ose

crystals. Figure 3 is a photom crograph of sucral ose

cryst i t ks [ ki hiSai

phot o?ﬁ"l] %ngr?%;%d&%t’a&selt @\‘?/ggt@rﬁgg:ai %ﬁ”%&'g?f‘g‘:ﬁ?ﬁ'ﬁs'ﬁg stable_

t . [ gure .S ]

SHEERRE BP0t foost 8ot ratls S ErplapL R S lREa

to the.inventiqn. Figqure 6 is an X-r owder

GPTIASAG 8iP LAkt SRy el e T BriosE dPEINSyCy af ose

crystals. Figure 7 is an XRPD pattern of sucral ose

crystals according to the 15 invention. WO

2004/ 09 66A lariRERE CBESSA] B0 R ntonDE BALAHBoBESERI AP Ming

OF THE I NVENTI ON The invention is described with

e{IRE aneralbse ERABtAISOYEREralISUGPeté DIl SBape.
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are intended to be illustrative rather than Iimting
and are included herewith to facilitate the

wexpkhamsei on of the present invention. The fi geCB&B2004/001759

representing process equi pnent for practicing the
invention are not to scale, afdd are not intended for
use as engineering drawi ngs. Referring now to Figure
1, there is shown in schematic forma crystallization
system suitable for preparing stable sucral ose
crystals, according to one exenplary enbodi nent of
the invention. Crystallizer 10 vessel 10 contains an
aqueous sol ut i OBRIEF DESSRIPRIGN ©CPREDRAWINGSISpended
sucral ose crystals 13. Recircul ation punp 14 recycles
a portion of the outlet streamfromvessel 10 as

recirclatl n _stream 16, . t hrough and is
heat ed Q)L/’ %gdf aeicg}%-fﬂ ?”%“@ﬁ@”e?é‘i’ icé\éStB%\'ERr BYigtem suitable for

talllzer vessel 10 thus providing for the

ervstalling sycealpsR) ageprsiing ko g invepdionl. s.

Although an external heat exchanger is shown in Figure
1 (heat exchanger 18), other neans of heating nay be
used asigued b.is fa0p a
heati ng j ackel% aonh?/tg@gwdl%gbﬂk‘?g?rt |%§§g¥@?%%b% ?I t
stream fromvessel 10 is drawn off by centrifuge punp
20 and_ sent to a crystal separator, such as
cent r i Figyee 33s avﬂ’hfttﬁn‘ﬁérmfapb@fﬁusealo@cwalalarmerdlng to the
crystals 24 fromnother |iquor 26. This nother |iquor
ilgoveatieed on to a separate crystallizer unit (not
shown), returned to the vessel 10, discarded, or a
conbi nati on of these. The npist sucral ose cryst als 24

: j#”gi al 0%? 0 de, .dr
;rJir al'o é c?bg? q grr ﬁ%ﬁf) %gﬁlg\’%‘)/ C?EE‘P” prior art
%%Ff%ggggﬁ)fl her below. VIO 2004/096821
59 7

Figure 5 is a photomicrograph of a sieved fraction of sucralose

crystals according to the invention.

Figure 6 is an X-ray powder diffraction (XRPD) pattern of prior art

sucralose crystals.

Figure 7 is an XRPD pattern of sucralose crystals according to the

invention.
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As shown in the exenplary enbodi ment of Figure 1,
wat er vapor may optionally be drawn fromcrystallizer

weemgmedest0 by vacuum punp 30 and condensed i NPCT/GB2004/001759

condenser 32 to forma liquid water stream 34, which
is discarded. By otherwi se céntrolling the
tenperature of solution 12 in vessel 5 10, such as by

ieing hear BEVHRGETRaCARIION BF TERIOVERTANT ™ ne

concentration of sucralose is increased to the point

of saturation, resulting in the formation of nore

sucr aThsdéneentsoraisdesoriea wiheeferenue taltbediguses. Such figures
introduced to the crystallizer vessel as feed stream

3be intehelditd Beilisiseabiodiraemdr thanddeRthd and @re included herewith
recirculation stream 16. An optional agitator asserrbl y

%@ f%@jbi’ta*@@ th& BXpPH e drPof tHE SIRSENE irydHtRIN. Oth eVl

I ence of sucralose solution 12, to help keep the

ﬁﬁ%ﬁ?ﬂﬁéhﬁ%@ %%sf‘éﬁﬁw "ot %@%;@f%s 4R o
35015 Tl SRRl e 8Ra Bsh B AW Rnou

20 wt. % bei ng typi cal Feed stream 36 may be
introduced into the crystallizer systemat a

t enpeRaferting wéwabdiguk0DRthdre isishbwbeinagubeetatid ffnbg
those skilled in the art that higher or |ower

eHedtalliosBok @Yetdth stiitaBRs fartepaBRgIstable QWeslose crystals,
tenperatures may be used, wi thout departing fromthe

ta%@&ﬂ?ﬂﬁ’%%o %ﬁwetéB?emBI‘éa‘{”eh%bdi%nB%thﬁe QhvERtfon. Otr{/&%ﬂlzer

strea in conbination with the rate of renoval

W%Egél ftggorsﬁ'lr?g afi%‘?:ﬁ%'o%%oﬁft}’oﬂ r‘i‘b%f%ﬁc%\@sﬁ? f‘efml ng .

quor rocess ative to t

et AEaitill g 2 SRR R 39 AR g

ower

ﬁ?gh(g:og%l%t, SHT?@U”E ?té)rﬂ(y&sgel m)Pé reurcuﬂaélon s@ream 16, which passes

through and is heated by heat exchanger 18 and empties back into
crystallizer vessel 10, thus providing for the presence of circulating
sucralose crystals. Although an external heat exchanger is shown in Figure
1 (heat exchanger 18), other means of heating may be used as well, for
example internal heating coils or a heating jacket on vessel 10. A portion of
the outlet stream from vessel 10 is drawn off by centrifuge pump 20 and
sent to a crystal separator, such as centrifuge 22, which separates moist
sucralose crystals 24 from mother liquor 26. This mother liquor is passed
on to a separate crystallizer unit (not shown), returned to the vessel 10,
discarded, or a combination of these. The moist sucralose crystals 24 are
passed through a dryer 40 to provide dried sucralose crystals 42 as the final

product, as discussed further below.
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12 hours. Typically, the residence tine will be less

wao b@a/odagbout 100 hours, preferably | ess than apOUGB3®4/001759
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hours, and nore preferably |ess than about 24 hours.

While feed stream 36 is shown 7n the enbodi nent of

Figure,1 as 5 entering the recirgcul ati .1 oop, ahead of

heat e&%ﬁﬁﬂ&'@rml € ?)feqﬂﬁer’é 0 'ﬂ'@nttlcgg:ﬂ)g%"@t%'rwﬂ;?é' vapor may
heat. exchanger, or it may enter crystallization vessel
1@&'@?5&6?%.@%4@4{0@%% lizer Mpssel 1§ Rycvaquura pummRiI38and
heat exchanger, but other types nmay be used. It is

t GyIdansed ingimndensed 32dofpemi alquic watasrsireare 34) which is

i ncrease of about 2F in the recirculation stream 16.
Teéigpandedur By iatheheise opitoliirg ther tarepsdtufid of solution 12 in vessel
typically controlled to be within a range of about

75F, suchebobly dotfollingdhetespersture of yecie@llhtion stream 16 using
controlled to be fromabout 0.7 psi (pounds/in2) to

Ih@atpetchamee |18 gnd/dr By HmMEENIRRERE] Bl doRderdtPaséh fof

skilled in the crystallization art that a variety o

CATEPh RIS MScrabsd @ tb SR PofHt s dtNFRAT Gel GltFr{Qelnhﬁﬂ%tformation
h pressure

exchanger, vessel tenperature, and vesse P Sur
. : Cean ti
o eR SRERRIoN LYok R 3RERELF sBRTbsq B nbidlet o the
At | _of . water W thout capsing.
AR s s B Rer P 36 hiEh '&?"%Fmt{oéﬁ%’@Pgt‘EPQded to
d. fore b sed, provided_that the
S5BHEERI e ot At SRR A REOHEPaTG Y3 e e
the circulating sucralose crystals 13, and provided
t$RPIqyedsiauineregseceiyaalion ape/rdasbylengeiaf susiilosa satyion 12,
to afford sufficient vaporization and renoval of
vigt eelp kglep e @rqulating sucralose crystals 13 suspended and/or to

fracture at least a portion of those crystals.

Feed stream 36 may contain from 1% up to the saturation point of |
sucralose in aqueous solution, with about 20 wt.% being typical. Feed
stream 36 may be introduced into the crystallizer system at a temperature
of about 100°F. It will be appreciated by those skilled in the art that higher
or lower sucralose concentrations and higher or lower temperatures may be

used, without departing from the teachings of the invention.

Rates of flow of feed stream 36, in combination with the rate of
removal of water 34, moist sucralose crystals 24 and mother liquor 26 from
the process, relative to the volume of sucralose solution 12, are typically
controlled to give a residence time of sucralose in the crystallizer vessel 10

with a lower limit of about 4 hours, preferably about 6 hours, more
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all of these variables are interrelated and controll ed
to cause the formation of sucralose crystals in

wQ emgeesrn. WO 2004/ 096821 PCT/ GB2004/ 001759 BCTIE82004/001759

heated recirculation stream 16 is typically introduced
into the head space of the crgystallizer vessel 10,

where a portion of the_water in the conbined feed and
eefarablyaaboit 52 hetrs-1TYRigply i Besrasidencentime Wil Re tess|than
10, thereby cooling the Iiquid and increasing the

@bt A000wis, prefenablyllesethan @eeut B0 Ihavirsnamd mporegreferably
produces a flowrate in recircul ation stream 16

dedd thanealbowto2$hovirsle a turnover of the contents of
crystallizer vessel 10 in about 2 to about 15

m nutes, preferably from about 4 to about 8 m nutes.

The t A" tur nover” .used herejn refers t assage

¢ hr oudh e B9 Gir Bemu A SuSiowd Tahd drip et ¢t HETE 2%
equal, to the total volunme of 10 sucral ose solutjion 12
FEETiaG Eht JEar RiiSten et 8nas of KBaF FRENSTIT Syl anay enter the
is operated continuously. As used herein, the

l'J‘Pf?ﬁ)éPtﬁf &he therkexchangen 96 s mayrenter constelizationyresgel10

to be understood to enconpass both fully continuous
ahgctlynternittent operation, as distinct froma batch
operation. Wthout 15 intending to be bound by any
particul ar explanation or theory, the applicants

YR BB LSR K AL HSOBUET g, b oher
L S SRS
BiCTREFS BT aBeHs P05 I End Eral Liasier sifpam 16. Temberature i the
crystallizer vessel 10 is typically controlled to be within a range of about
75°F to about 110°F, and pressure is typically controlled to be from about
0.7 psi (poundé/inz) to 1.2 psi, absolute. It will be éppreciated by those
skilled in the crystallization art that a variety of combinations of
temperature increase in the heat exchanger, vessel temperature, and vessel
pressure may be used, with these parameters specified relative to éach
other by means known in the art to achieve vaporization and removal of
water without causing subsurface boiling. Other combinations of
temperature and pressure may therefore be used, provided that the
temperature does not exceed the melting point of the circulating sucralose
crystals 13, and provided that pressure in crystallizer vessel 10 is low
enough to afford sufficient vaporization and removal of water. Ultimately,
all of these variables are interrelated and controlled to cause the formation

of sucralose crystals in vessel 10.
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the centrifuge 22, typically at a noisture |evel of
about 3 wt.% Fromthe centrifuge the crystals are

w0 ed4posal scr ew hopper that hol ds the crystal sSPCTGBR@®4/001759

regulating their feed to the dryer. One suitable dryer

is a Procedyne WD 2004/ 096821 9CT/ GB2004/ 001759 10

Conti nuous Fl ui d Bed Dr avai |l abl e from Pr oced

Cor porlats B¢Pts rﬂé\KFUIBF'GﬁSS\HW IQis tpialydpirefyce intto the
suitable for use according to the invention are

deserspRsg ofthe. Gystdizantveappl 1@avhere Pusrtieatafdhenwater in the
2002/ 0120134 A, published Aug. 29, 2002,

icocbiped deed almelr@c'rrcbl;atipefﬁream €l7 Vapaorizes upen &ntieryrg vessel
goes though a rotary valve that acts as an air | ock.

U, npetdtsy coylvaethaniquityerd inareadisg tlee conoamtation of sucralose.
distributor at the bottomthrough the sucral ose

crystals, thereby flui di zZi ng the bed, and exits the

dryer throu h cera f ter The i S .co

al | owiRRTGHIGial RUTg (b RERAHSES @ F'exvoﬁﬁ?é@gsermﬁa%%atream 16
to the specified terrperature and returned to again
éh‘fféqr'e'ﬂ‘h& BBQ‘('@%aoWrFﬂ\éerd?fy@e CQ@@F‘B@@WW'Béeru%%ﬁebéo in
the drying medium instead of air. Wien the fluidized
Aboual2okeakeyis i aimineiges, rprefarabhy e abewed toabssittdaminutes.
level, it overflows through a discharge pipe, and then
diftectesm dnwnbeer”as usart kel refers db sepassageythcoliglect ed

for storage. The noisture content of the dried
sucirallasien@ursp ddsof2 velymb effliiqaid agoal tdti2dtal ablawie of

15 10% typically about 0.5% In another exenplary

atiepslbsesbludfort 12 ih BYE BFysRalliz¥R0EsHB| 1OTPREArc@d8on pump 14 is
condenser 32 may be omtted fromthe enbodi nent shown

FL Y Eorkinu crystallization of sucral ose may be
edg)f ected by co%!%g solution 12 in vessel 10, thereby

causing the solubility limt to be exceeded and

causi ng
As used herein, the unmodified terms "continuous" and

"continuously" are to be understood to encompass both fully continuous and
intermittent operation, as distinct from a batch operation. Without
intending to be bound by any particular explanation or theory, the
applicants believe that the continuous turnover provided as described here
is important to the formation of sucralose crystals according to the

invention.

In the embodiment of the invention depicted in Figure 1, isolation of
the product begins with the discharge of moist sucralose crystals 24 from
the centrifuge 22, typically at a moisture level of about 3 wt.%. From the
centrifuge the crystals are fed to a screw hopper that holds the crystals

while regulating their feed to the dryer. One suitable dryer is a Procedyne
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25

20 sucral ose crystals to form This cooling may be
effected in heat exchanger 18, or sone equival ent

wore@n®9astl cool i ng the solution 12. Again, althepCmyGB2@a/001759

external heat exchanger is shown in Figure 1, other

means of cooling may be usedi@s well, for exanple
internal cooling coils or_a cooling jacket on vessel
f@.”t'BVOHEcﬁ'HJ'HgB%PGY%@Vfﬂ?b'@tfgo%ﬁ@éﬁfﬂvaﬁiQ?rFPBFat'O” of New
sucral ose is 25 increased to the point of saturation,

Begnswickg NJn @therfdiyaes swkalde fetdpalagserdimy 2oghe Gyeyition are
PCT/ GB2004/ 001759 11 crystals. In this alternative
eebaibhectin U.$r Batenddippdiasticn Cublicstion §lo. i2002401L2@134 A1,

the crystallizer vessel as feed stream 36, at a

pabhstied uug. 20, goer, irarpbiaed dlersinchykefeeescd. uFeed to the -
12. Preferably, the feed stream36 is nearly

ey er ?é@ﬁt%ddh §4etaQffve Siatt @t a3 #0af Iytie] Usiig the
sucral ose crystals 5 can be obtained. As in the first

g%ﬁﬁ?‘k{i rg/e."f‘,naﬁ’% ko &lon Qi digtrutds %? FRé Yottddn 'Eﬁb’onfggnf the

[
i’ ncrease circul ati on and/or turbul ence

D T N

ream

sucral o in ter, is,introduced into the

SPIATIS iEster THS s Sabled, ROWIRG EpaitiTe S casiisepoor,

Heat exchagg r 18 tmoi cal I_%/ t ubul ar heat .
EXCHARGETSE iEeéFﬁﬁ toHMeaPedfien senaeratufenpRy setyraed to again
decrease of about 2F in the recirculation stream 16. )
PR betdomot the dryest dlikfogen mayde used ps the drying medium
controlled to be within a range of about 75F to about
ingyead péadr. s WhenthesBuidigedosudratpseudrystat bediindbegiryer reaches
into the system or the feed nmay be 15 intermttent.
Stddrtaintlbeel, éndroztifiowst throegh eaipchagesiipe, sodithemenoers

of the two

another air lock and is subsequently collected for storage. The moisture
content of the dried sucralose crystals 42 may be from about 0.2% to about

10%, typically about 0.5%.

In another exemplary embodiment of the invention, vacuum pump 30
and condenser 32 may be omitted from the embodiment shown in Figure 1,
and crystallization of sucralose may be effected by cooling solution 12 in
vessel 10, thereby causing the solubility limit to be exceeded and causing
sucralose crystals to form. This cooling may be effected in heat exchanger
18, or some equivalent means of cooling the solution 12. Again, although
an external heat exchanger is shown in Figure 1, other means of cooling
may be used as well, for example internal cooling coils or a cooling jacket
on vessel 10. By cooling solution 12, the concentration of sucralose is

increased to the point of saturation, resulting in the formation of sucralose
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enbodi nents descri bed above. It has been found that
the shelf life of the dried sucral ose crystals 42 of

wa biog/opaseent i on i s higher but has a somewhat hP@i6B2004/001759

sensitivity to drying 20 conditions than do prior art
crystals, and a greater sensiflivity to the anount of

nmoi sture retained in the Shel f Ilfe of crystal]in
QskalFodB this é%ﬁmﬂ#wﬁ EFQE]W%%% fiRphoRAYRAUR SHFTaI9Se s
accelerated aging test. In this test the crystals are
mrasiusedde the erystailizes| vesaekasirgsheliream: 3608 @ temperature
and sanpl ed WD 2004/ 096821 PCT/ GB2004/ 001759 12
bigheodhaalthgt oEactratemepaiution d2s sbiteferhbiy, thet feedastiteam 36 is
the pH of a 10% solution is tracked to determ ne the
réadg edturated atithvbiarbldske splthdt agodayyielthef sundrialose crystals

i ndicating a slight sucral ose deconposition. Crystals
te@tlBebtaineddi As dndthe ARItTOEBoAINEeHO M @ﬁﬁ:ﬁ@%lségﬁ@t@r assembly
when such deconposition is not 5 i ndi cated untl |

bgashy %edé\%?ldyfédttlb' lﬁcFeea%'é cirdd ldr?'angﬂﬁ‘ @Web&@nce of sucralose

equi val ent shel f life under anbient conditions
&ﬁuﬂgﬁ ut> 8 years. To obtain stable crystalline

Sucral ose in accordance with the present invention,

i.e. crystalline sucral ose neeting the above shelf

life test, it is inportant tolimt the tenperature

at whircthis leenbbodistelt) faesl ghreamc36, typitallydcdiainingabotit 50
85F or less. A drying tenperature in the range of

wbodtsuzbiote in aavek, i€ Mtrodugadfrronthd,crystiallizer system at a
tenperature of about 60F being typical. In addition,

@ﬁnﬁér%@h@@ﬂabauwﬁo@amat RN g 13ty Pntkéuwa’:ttumnar heat
2002/ 0120134 Al, noi st ure cont ent

| o
a [ |e|try[}' W ttﬁgiﬁ:&]t %dw?,sq eve e&é&%ﬁgjet&;ééréﬁ%%gia a?gut 2°F in
ab| L t¥ ticéﬁ gﬁég.‘%ﬁ@ lTee\{r(ﬁlaera%rMee At haebgrlgltstaquzer vesse? 10 is
controlled to be within a range of about 75°F to about 110°F. Feed stream

36 may be fed fully continuously into the system, or the feed may be

intermittent.

Still other embodiments may comprise some combination of the two

embodiments described above.

It has been found that the shelf life of the dried sucralose crystals 42
of this invention is higher but has a somewhat higher sensitivity to drying
conditions than do prior art crystals, and a greater sensitivity to the amount
of moisture retained in them. Shelf life of crystalline sucralose is commonly
estimated by performing an accelerated aging test. In this test the crystals

are maintained in a controlled atmosphere at 50°C (122°F), and sampled
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suitable, with 0.5 wt. %preferred, in order to
provi de stable crystalline product according to this

w0 poogogdseon. VWhen dried at the preferred tenpeP@r/GB2004/001759
and to noisture levels typical of old crystals show ng
the noted pH drop under accell@rat ed conditi ons in 3

days, W . Cr t r
kil Eact Sl 1SiaS04Ra TB VAT ABRETEHRIR Of 0%
Shelf life or stablllt of the drled crystals 42 nmay
Sobdige i Hpekeddo @yter@aﬁtertbmqlﬂ@sq%em@bwh@qﬁbthe pH drops by
sucral ose solution 12 in the crystallizer. To this

e unit, inslicating Aeliphtsugcraldsef degorapesitigor Lfrystals made by
solution 12 to a pH of from about 5.5 to about 8.5,
pradidoabl jwethods abe Bomsjdammstableswmnobumr@ed@position is not
2004/ 096821 PCT/ GB2004/ 001759 13 preferably about 7

tindicated AntueaemSaByd?sf ihethi< Bsger | TS iS eghdideatleqiiealent to a
but others nay be use Attention is now drawn to

RIhgi 18 hder Abfeht 2bAdRIPISHT SHARTRPBELf  prior art
sucral ose crystals and crystals nade according to the

invention. 5 Figure 2 shows an unfractl onat ed sanpl e

of typical prior art sucral ose rystals, and Figure 3
shows Tghobt#in éé@b'@ﬁé&’%ﬁ“@érﬁﬂc@a'@ﬁet'?@Céa'rd%céd/wlélﬁ the present
made in accordance with the present invention. Figure
4ngéntien nae ceryatalline sueraiogs mwetipgi the abavesshglf bfegtest, it is
sucral ose crystals that passed through an 80-nesh
Srepogtdnit tondsitr thiediengpbrature dt4WhichOtheeslystalkves prédugirie dried
5 shows material froma typical sanple of sucral ose

oyt AUtSS SRFCEN I8 A aryihe témpenitiuee it hiaé ranges e about 50°F to
t hrough an 80-nesh sieve but was retained on a

]a%dfefd"Fsib%\F@ferFéWSwﬁH %utre%pélra@@lce of é‘tBJ)@é"G@"F Eélﬁ@rt?blcal In
view of the size fraction of crystals presént
adc}lgon,pgs %lsc?osed in U.S. Patent Application Publication No.
2002/0120134 A1, moisture content of the crystalline product has a
substantial effect on stability, with higher levels tending to improve
stability. A moisture level between about 0.2 wt. % and about 10 wt. % is
suitable, with 0.5 wt. % preferred, in order to provide stable crystalline
product according to this invention. When dried at the preferred

temperature and to moisture levels typical of old crystals showing the noted

pH drop under accelerated conditions in 3 days, the new crystal do not

20 show a drop for at least 3, more typical 4-6, and often more than 6 days.

Shelf life or stability of the dried crystals 42 may also be improved by
controlling the pH of the sucralose solution 12 in the crystallizer. To this
end, it is also helpful to buffer the sucralose solution 12 to a pH of from

about 5.5 to about 8.5, preferably about 6.5 to about 7.8, and more
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and i nventive sucral ose products, respectively. 15 As
seen in Figure 3, sucralose crystals of this invention

w@emenadsky have a sonmewhat el ongated, unsymreP€T/G&R004/001759

appearance. Crystals representing a full
(unfractionated) sanple typicaBly have a particle size

disgripution such_that 90 w.% of the sanple has. .a

F%F%%ré @%‘?% Rd -g'h&? e’F?fBR{%MHfP%cF e pdjtm agetate,
pm nore typically fromabout 40 pmto 20 about 100

ML akAeTSMERY B Usfas a particle size |ess than from

about 3 pm to about 40 pm nore typically from about
4 pmto about 9 pm Sucral ose crystals nmade according

tot h?\tié’ﬁ‘cﬁﬂf SO0 | FawaeaeEigLites M%?iﬁﬁD éeﬂl'ﬁ%mk?%braphs of

a given sanple, a length to~di aneter ratio o

8 PO A LI

["'eSs tha out

the crystal length is taken as t |l ength of the
FostyLd ShPie Sl BhitarTonatlSpeile St akhanal arhyiralose

t he eat est. wi dth nmeasurabl.e gt rjight angles tqQ the

YRkt dhEIasI® R, Shawscam UpEraseignat %@ﬁﬁ%?ﬁamw@gucﬁ
4 and 5, the larger particle size 5 fraction of
fnedalinseceidasca vat PERSEMC ANYRPHAN -t he present

i nvention conprises crystals having a shape that

differs fromthe long, thin, substantially

symetgid gal g Eﬁs\@ls‘%ﬁaﬁel?%ﬁ fioth 'EB{C}J A Y a6 srag‘galé I S&ikralose

particl® size traction of pri art sucralo

g?%%g!ﬁ tﬁ%ﬁ@%@{ea tthL}ed?‘g?]IJW %rogﬁ{esﬁi 4éve EU?Waisﬂ’a%It&bﬁﬁthﬁwea 140-

on ar aracterized 1n gene

absence 10 aof pagallel surfa on_substantially, all

IReef Sleve” Ao fEidnois DR et e B (T Bla f §hératose
tapered or rounded tapered segnents, K for exa . Many .
SRR eI BBt an d A Pacseh U BHOE A BN mea Fieve
nost of the crystals

but was retained on a 140-mesh sieve. Thus Figures 4 and 5 allow a
clearer view of the larger size fraction of crystals present in the prior art

and inventive sucralose products, respectively.

As seen in Figure 3, sucralose crystals of this invention generally
have a somewhat elongated, unsymmetrical appearance. Crystals
representing a full (unfractionated) sample typically have a particle size
distribution such that 90 wt.% of the sample has a particle size less than
from about 30 um to about 150 um, more typically from about 40 um to
about 100 um, while 10 wt.% has a particle size less than from about 3 pm
to about 40 ym, more typically from about 4 um to about 9 um. Sucralose
crystals made according to the invention also generally have, on average

for a given sample, a length to diameter (L/D) ratio of less than about 6,
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are irregularly shaped with no clear symetry. Wt hout
i ntending to be bound by any particular theory or 15

wexpkanaei on, the applicants believe that the BUDGBR@3©01759

crystals of this invention owe their unusual and
beneficial shape and propertigs to the continuous
recircul ation of the crystals through the crystallizer
Spsirieferally lass thae Aol ABUSEANRTelmdhe Wil tendtl is
to give arelatively long residence tine of sucral ose
takeras $hetengthupldde longsst diorensionng the crysfabandethedwidth is
that 20 the sucral ose crystals are subjected to
thi¢ greatmst widdhmeasatahle st uidiwrargles tathatorigest dimension.
portion of the crystals, especially |long thin ones
such as mght be initially formed, are fractured. The
occur _in the _recir

fractuyring na ulatio 14, in .
the ns R EREREEIN pamRaTHELE s A B fiehlz Be Perticte size
st.em crystal -crystal, contagt, and/ or by ofher
RAHEN A usiolepo SbeseleroRHemAs0 M 08 fosbe PreSEucivention
fracturing of crystals may at |east partially account
£emRriges qrystals bayvipg aahapethal diffess freny shaleng.dhibd
accordin? to the invention. In addition, it is
sebstantially rymmetrieal neledias that dioritaly, comevise the ldrger particle
crystal growh are generated on existing crystals,

aire fractiors obpeiquant surplosiet | Rather ofrystals & olse Idngemsize
solution onto these sites results in the formati on of

FRetionns\uegircsent inviedtiohragudharhstesihag el gerrsdiad\stied absence
this invention. Perhaps in addition to this crystal

SF PatAN IRBURRINES IohesubstantiAIRt 8RerRftalst anttteABYnHR N be
given the relatively long residence fime of sucral ose

R B R o R

?)ﬁ?iﬁ%{gffs%a&ré/o%&li?e ch(fﬁ)élgitggepeod Eé‘gGm‘eH{’,eé}%A %‘ostlotf tiha crystalé

are irregularly shaped with no clear symmetry.

Without intending to be bound by any particular theory or
explanation, the applicants believe that the sucralose crystals of this
invention owe their unusual and beneficial shape and properties to the
continuous recirculation of the crystals through the crystallizer system, and
to the control of input and output rates td give a relatively long residence
time of sucralose in the system. Under these conditions, it is believed that
the sucralose crystals are subjected to sufficient mechanical disturbance
that at least a portion of the crystals, especially long thin ones such as
might be initially formed, are fractured. The fracturing may occur in the
recirculation pump 14, in the heat exchanger 18, in bends in the piping of

the system, by crystal-crystal contact, and/or by other means.



bel i eved that, due to such crystal growh and/or _
aggl oneration, many of the crystals of this invention
weomphdeser a plurality of crystalline sucral 0sePCT/GB2004/001759
domai ns. Sucral ose crystals according to the invention
have excellent handling 15 pLDfperti es and, _
fl owabil i , e neasur f these characteristics is
the. aRyFe fRCERGEE Cryp VL leRel BeRialyacoaugE Gor the
(rell ative to fhe horizontal) that can be nmintained
oFelgtiyelydoyt Liheatie ¢& ceystals formadarspediog tedpedavention. In
i ndi cates a powder that flows well, a desirable
c RediOne il isthalieved thahdundery, these opediticas, new sias® faf crystal
m xing with other ingredients in formulations _
cormwutmarggatesiied ahomdstigy crystalse and bt kabsequdriti diposition
to the invention generally have an angle of repose
5 | eBsutratoseaiont sdldtidr@rretheSeisitas Peculey irsthrl forfRARN of the
according to prior art crystallization nethods
t ypswahhetriedhéhd ‘irré%‘éwgaéha Q5L BF B6is GhvERRAS S Perhaps in
WO 2004/ 096821 PCT/ GB2004/ 001759 16 Anot her

ah?i@i@f‘o;ﬂ%otll‘ﬁs_ @Fﬁ?ﬁ@érﬁg{fﬁ drl RenUsGtR! %?‘?nsctfa}égltcﬂl it i?fmay be that,

this invention is sI nce no frechani

di i [ ' r the isol ated
oA ERIANEF Rnd Pedifeng¥ e Bsun %feapttﬁfe Sy,
Lot oduct _is_relatively free o st.

DRSS R Seng P Vs s et Pdawih So s it are

- al t al cording to this invention was
10 HRSHBEeR 17 Ty ReRSTRSRIG RPN Hie BVENSgDr altds further
crystals. XRPD anal yses were perfornmed using a
PtliRveLLthrnA 4o 60 SHCh £yystabamawthiandfaiaasitemeratien ngany of
Cu Ka radiation. The instrunent is equi pped
the crystals of this invention comprise a plurality of crystalline sucralose

domains.

Sucralose crystals according to the invention have excellent handling
15  properties and flowability. One measure of these characteristics is the
angle of repose, defined as the steepest angle (relative to the horizontal)
that can be maintained on a pile of the crystals. A low angle of repose
indicates a powder that flows well, a desirable characteristic for handling, as
well as for ease of mixing with other ingredients in formulations containing
20  sucralose. Sucralose crystals according to the invention generally have an
angle of repose less than about 42 degrees. Sucralose crystals made
according to prior art crystallization methods typically exhibit somewhat

higher angles of repose.



10 with a fine focus X-ray tube. The tube voltage and
anperage were set to 40 kV and 40 mA, respectively.

wab@4apeser gence and scattering slits were setPEr/GBR004/001759
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and the receiving slit was set at 0.15 mm Diffracted
radi ati on was detected by a Mal scintillation

det ec A theta-two theta conti,nugus scan [
(0. +° BBptheToa s Eons Ao B B HEF BuFrlees radles gF thi
silicon 15 standard was al ysed to check t

LSRR IEhaE, JHABRC. MBERAMIGL GMIBGHPBTEaess Performed on
anal ysed using XRD- 6000 v.4.1. Figure 6 shows the XRPD
phe isalatess crysials (as is thecrageowith safne Prignast procassges), t
the XRPD pattern of sucral ose crystals according to
phodudtris eatatively fridiefdfedustices in the rel ati ve peak
intensities can be seen. 20 WO 2004/ 096821

PCT/ GB2004/ 001759 17 EXAMPLE A system as seen in

O SR SRS BB, O Sl A pral e
AL e @ 85 1 SRS CoR BOLLGIL, RS PR patten o

recirculation punp 14 conprises a Mdel MPAF axi al
fArew ark sHEmEPSRYBIYSERIAP, in which the inlet, outlet,
and inpeller are all ten inches in dianmeter (source:
Goul ds Punps of Seneca Falls, NY). The punp is

oper ab&pr 8hh s@g%ér@%}%ﬁ‘néd uSin n@Sh‘lrﬁbﬁﬁm)@RD‘—lﬁdO@X -ray

at arate suff|C| ent 10 provide a turnover of

f e T
il @@E&?cﬁ@hﬁﬂ??@%ﬁ*&r@ﬁ% e T
ve sel

Y f?ﬂﬁ Eo - Sw’cﬁgq l-%r&\fa'e%%ol?ag}eagﬂg %%Séra%'%%&e%et to
40 kV and 40 mA, respectively. The divergence and scattering slits were
set at 1° and the receiving slit was set at 0.15 mm. Diffracted radiation was
detected by a Nal scintillation detector. A theta-two theta continuous scan
at 3 9/min (0.4 sec/0.02° step) from 2.5 to 40 °26 was used. A silicon
standard was analysed to check the instrument alignment. Data were

collected and analysed using XRD-6000 v.4.1.

Figure 6 shows the XRPD pattern of prior art sucralose, and Figure 7
shows the XRPD pattern of sucralose crystals according to this invention.

Differences in the relative peak intensities can be seen.
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turbulent or swirling notion that assists in keeping
circulating sucralose crystals suspended in the

waemgmedesepnt ents. The systemis provi ded with BCT/EBIEMO01759

cl ass BEM shel | -and-tube single pass heat exchanger
18. Such heat exchangers are I dely available froma
nunber of manufacturers, and are well known in the
i ndustry. The heat exchanger has a 0.5-in to 1.5-in
tube size, and is positioned relative to the
crystallizer vessel 10 such that a static |iquid head
of 2-5 feet is maintained ogwesmphe exchanger, thereby
20 preventing premature flashing of water vapor from
the heated recirculation stream before entering the
headspace of the vessel ically, boiling of th
l'i qui d SHStene asysaeank sglﬁﬁ%fﬁpmmqs daefcal @ybn@n@al tank as
uncontrol | ed WO 2004/ 096821 PCT/ GB2004/ 001759 18
el esiadizestvasgel avits @ 4fgch ding)etars, avdR-foms stiraight side, a 45-
formati on of encrustations of sucralose crystals on
tdegrearmneshottame endfan Beinch yotiadnh idisthar@emaozizfeuge 22
is a nodel HzZ 1250 Ph (Pharmaceutical) Horizont al
Peel er centrifuge, avail able from Krauss- Maff ei
orence, KY. . Th

Proce nol o
E eqﬁt?reraiaé" rw%irﬁuféi@.nswa%{mwééam odghMHAE egal flow
nmeter X 2 25" p _openi hou
estanm Bames® wpishyBeBietoonten aift masiar Sl ten inches
coarse backing. The dryer is a Proced Conti nuous
AP diamster (xapEre: Geslds Pli'DPiS@f(%%\e&?é%l?“ébb'm) Hd1e pump is
fuII A 20% aqueous sucral ose 10 solution feed stream
i aparatechiiiitycepntinuausiy {ientnat interonitteatlyd @itrac tatatdufficient to
| oop ahead of heat exchanger 18, at a tenperature of

giroutdel® @& nauert dfitbehessel enrtbatmeboutsesaty § onihatds.t he
recircul ati on stream by 2F. The vessel

The entry point of the recirculation stream into the crystallizer vessel
is configured to provide a tangential entry of the liquid, resulting in a
turbulent or swirling motion that assists in keeping circulating sucralose
crystals suspended in the vessel contents. The system is provided with a
TEMA class BEM shell-and-tube single pass heat exchanger 18. Such heat
exchangers are widely available from a number of manufacturers, and are
well known in the industry. The heat exchanger has a 0.5-in to 1.5-in tube
size, and is positioned relative to the crystallizer vessel 10 such that a static
liquid head of 2-5 feet is maintained over the exchanger, thereby
preventing premature flashing of water vapor from the heated recirculation
stream before entering the headspace of the vessel. Typically, boiling of

the liquid in the system is minimized in order to avoid uncontrolled
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contents are nmaintained at a tenperature of about
100F, with regulation being effected by bal anci ng

wheat/opasput by the heat exchanger with 15 evapPCHGBY@®4/001759

cooling by flash evaporation of water, the latter
being controlled by adjustin®8the pressure in the

headspace of the vessel  to about . Si,. I :
R Gr ot iergst iy el 25 Welas the ToBRHRER sfidnstgtions of
the rate of renoval . of ma?&&, qgiét sucrﬁlose

SHFERIQPS CRIFGRITRMENE INNGH SHTIACEROF 1BE COYPIAlIGERSs, are
controlled to give a residence tine of sucralose in

the crystallizer vessel of about 24 hours. Crystals

are CldRafR 29iShThbaENE 1 250/Ph gphsﬁﬁééédtm HeRdontal
are dried using the above-described Procedyne dryer WO

%%%‘ﬂéroget(?ﬁﬁéu%efggv%g@%é%%ﬁ%sslﬁa i Brdte¥€Technology Inc. o%

t enper abou o give a final product
ving a Lsture. t .of . e rticl
1 ehirakye: BroHhiag ehBRec M BhbedtngdictargRLiniE! dnd has
Coulter, LS100 rtigle Size Anal . i Labl
ot o eBRST S 261 depRmPen i a2 TS SRS
operates by light scattering, ing | ™. G
ipgﬁwﬁtar seieen @ith ,bsimém |C3'Br% Pgéﬁﬂ&x%er ITRdTocgAYne
of Houston, TX, as the dispersing nedium The
Suprtinusss fPrisdBed Diygst al s have a particle size

di stribution such that 90 wt. % of the sanple has a
particle size less than 62pm while 10 wt.% has a

o Nl 16 BRBOBLOATEN 4 0% s pifcse
LRSS SBEEH BRuBBPERE Ty PGP, gy ion oop
a eelafd cl)il rf1eeat exchanger 18, at a temperature of about 100°F, and the heat
exchanger is set to heat the recirculation stream by 2°F. The vessel
contents are maintained at a temperature of about 100°F, with regulation
being effected by balancing heat input by the heat exchanger with
evaporative cooling by flash evaporation of water, the latter being

controlled by adjusting the pressure in the headspace of the vessel to about

1.0 psi absolute.

Rates of flow of the feed stream, in combination with the rate of
removal of water, moist sucralose crystals and mother liquor from the
process, are controlled to give a residence time of sucralose in the
crystallizer vessel of about 24 hours. Crystals are collected intermittently

by the centrifuge, and are dried using the above-described Procedyne dryer



under typical anbient storage conditions. Al though the
invention is illustrated and descri bed herein with 15

WO edogfggsee to specific enbodi ments, the invent PONGB2004/001759
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not intended to be linted to the details shown.
Rat her, various nodificationsl9may be nade in the

det ai, | ithin th f i val

Fhe Dar Bt G par P Aol ere e GE haya
and scope of the inventjon. WO 2004/096821
PETSCELoWt et 753boY0. SAVRIRE: 1. A nethod of

produci ng stabl e sucral ose crystals froma sucral ose
solution, the nmethod conprising: 5 introducing a feed

streamp,pficia ‘é"?ié‘érﬁél?s%ct%f‘thie%?ohﬂt@isapéﬁféﬁrﬁéﬂ ustrfiai Qulter

sucral ose crystals’'to formcontinuously in the system

{L%L{}%E)Qqﬁ%ﬁr&lé)§$z|%uﬁn§ﬁ/58|ar3\féfllaﬁ#é?fr@h‘PéSuFt@l’ ok @ération of Miami,

sucralose ‘crystals omthe systeny and 10

nt i nuqusly recircul afin 1 he h @QM
T SR P Bl Pefe benfeniduatblrbpat BT
the remainin art, of _the_ output. rea [Nt
isRRaraBin THEY GHaUPAG: rPEhpvrary ok EheaRre A b orgna 18, as the
15 control l ed so that sucral ose passing through the] .
Sisperaingamedim. alke agealese RIOAYSH co/siisdnave ¢ jparticle size
system of at |east four hours; and drying the
ghgtmibation suardias9® wietafithe semplariasny PestgesiEa less than

of about 85CF or bel ow. )
62um, while 10 wt.% has a particle size less than from about 4 um, with a

mean of 30pm.

The stability of this product in the previously described accelerated
aging test is at least 3 days, which corresponds to about 8 years of shelf life

under typical ambient storage conditions.

Although the invention is illustrated and described herein with
reference to specific embodiments, the invention is not intended to be
limited to the details shown. Rather, various modifications may be made in
the details within the scope and range of equivalents of the claims and

without departing from the true spirit and scope of the invention.



20 2. The nmethod of claim1 wherein at |east one of
the steps of introducing, recirculating, and renoving
wo soopevdsor med ful ly continuously. 3. The net hpdr/eB2004/001759
claim1 wherein at |east one of the steps of
i ntroducing and renoving is p20formed intermttently.
%ﬁf& The method of claim1 wherein the step of
[ cing includes introducing at |east one of the
feed streamand the recircul ated part of the WO
2004/ 096821 PCT/ GB2004/ 001759 21 output streaminto
t1he conmathed of nrndu@ygt%ﬂbl@mﬁlpﬁmwst@@ fPaHa SEcErlose

Jttdr{EQPg%hg{bd BolBfisfatents. 5. The nmethod of

er conprisimng conbining the feed stream
5 5 and the recircul ated part of the output stream prior

t he st of nt r oduci n t.hod. claim1l
V\,her eil trPﬁEC'Pgﬁteeeﬁi r??ﬁ’?egf@cfr?l(?ﬁ?a%‘g QHorgin RcﬁJ%StFW'
about 50 hours. 10 7. The method of claim 1l wherein
the residence tine is fromabout 12 hours to about 24

hour s .ca@singhsudraldsedtrpétatd & forin vbetirlidudiyen sheBySfem;
removing the output 15 streamis perforned at a rate

to provide a turnover tine of Ilqwdlnthe syst em of
fromabout 2 mnutes to abou{9 15 m nut es. hg_
met hodeBTOVENG A AUtRHE SEEA™ RESUTalPsEr SlRHRR i rﬁ%u jng sucralose

output streamis performed at a rate to provide a
t ur novsystelsn&oot the gystem;rende

10 continuously recirculating a part of the output stream to the system,
and separating sucralose crystals from the remaining part of the

output stream;

wherein the rates of introducing, removing, and recirculating are
15 controlled so that sucralose passing through the system has, on

average, a residence time in the system of at least four hours; and

drying the separated sucralose crystals at a drying temperature of

about 85°F or below.

20 2. The method of claim 1 wherein at least one of the steps of

introducing, recirculating, and removing is performed fully continuously.

3. The method of claim 1 wherein at least one of the steps of
introducing and removing is performed intermittently.

25
4. The method of claim 1 wherein the step of introducing includes

introducing at least one of the feed stream and the recirculated part of the



10

15

20

25

30

20 system of from about 4 mnutes to about 8 m nutes.
10. The nmethod of claim1l wherein the recircul ating

w@owpiodeses subjecting the sucral ose crystal s POI/GB2004/001759

suffi ci ent mechani cal disturbance to fracture at
| east a portion thereof. 25 121 The nethod of claim1

SR RS TIE e aPEIeTEE Gt sy St davantabid Ry ts @

SRR motidn iMtAe@inb@sksof claim 1 wherein the step of
controlling pressure and 30 tenperature conprises

sel ecting the pressure and tenperature to vaporize a

rti 0, i A I

orr TR BRI e e Yot B e ol Bt
sinelt ha redhcaRBdd PAGBEMtHCIUIERR Give=00 brisg toZhelldepTife '
met had of claim12 wherein the pressure is between
AMGAEUENG- psi and 1.2 psi, and the tenperature is
bet ween about 75F and about 110F. 5 14. The nethod of

claim1l wherein the step of controlling pressure and
teenperfdeumetiethpf ceém tudlaray theergsidpicg fimerigdrom about 6
hod of claim 1l wherein the step of
3’?@%3&%@“&%% oSe crystals is perforned at a
tenperature between about 50F and about 70F, 10 and

t he separated crystals have a isture content of from
adbout Themgtha o}/glagjgohw%ﬁewt_ reféenfaﬁetnwgtlﬁgaorgfabout 12

Hirdwd FodtBarnsqgprising, after the step of
separating sucral ose crystals, drying the crystals at

a tenperature of about
8. The method of claim 1 wherein the step of removing the output

stream is performed at a rate to provide a turnover time of liquid in the

system of from about 2 minutes to about 15 minutes.

S. The method of claim 1 wherein the step of removing the output
stream is performed at a rate to provide a turnover time of liquid in the

system of from about 4 minutes to about 8 minutes.

10. The method of claim 1 wherein the recirculating comprises subjecting
the sucralose crystals to sufficient mechanical disturbance to fracture at

least a portion thereof.

11. The method of claim 1 wherein sucralose crystals are caused to form

by one of both removing water from the system and cooling the system.

12. The method of claim 1 wherein the step of controlling pressure and
temperature comprises selecting the pressure and temperature to vaporize
a portion of the water in the system, the method further comprising

removing the vaporized water from the system.
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15 60F. 17. A conposition conprising stable sucral ose

crystals, each of at least a portion of the sucral ose
w@eoog0edss1 conprising a plurality of crystalli nBCT/GB2004/001759

sucral ose domai ns. 20 18. The conposition of claim 17

havi ng an angl e of repose of E2ss than 42 degrees.

. T conpositiron.of ¢l aim.17 eLn e h
iigcr aﬁ.g@é'“gﬁ‘ 81: 5%'@51iﬁ'g‘eéelgrw\gkg'{esflé'ﬁeg%ﬁ?e%%eg% Sbout 0.7
Py 8hall. D rYtahd ehé ternberdtang esbetivemnabout V5eF eatl,about
and a greatest crystal wdth neasured at right angles
tld0fhe crystal length, wherein the ratio of the
crystal length to the greatest crystal width is on
average less than 6. 30 20. The conposition of claim
17, whahei mettaad obtldimel swaraindde stepsofatantroilisg gressure and:

crystal length thereof, the crystal bei ng the
|t6ﬁ@’€§?t%ﬁr?§ﬁ%%$ﬁs C%H‘gath&r'%@éﬁ tE% 3&?@‘1”% dt h
measured at right angles to the crystal |ength, WO
2004/ 096821 PCT/ GB2004/ 001759 23 wherein the rati o of

e crije methedof Klaim 1 mhejeibuinesstep §fsdyingfhe AUFRloRe

el R '
BRI ot BhodT o SOEBORY BBl s bbout 700,
|sgristHehseparated abystals3Givers toistwe tconsentpefi frandabout 0.2 wt.%
wt. % h rticle size less than fromabout 3 pmto

S . a
aFBcﬁPcou?dopWF'%}Z. The conposition of claim 17 wherein

the sucral ose crystals have a noisture content from

about 0.2%to about 10% .
16. The method of claim 1 further comprising, after the step of

separating sucralose crystals, drying the crystals at a temperature of about
60°F.

17. A composition comprising stable sucralose crystals, each of at least a
portion of the sucralose crystals comprising a plurality of crystalline

sucralose domains.

18. The composition of claim 17 having an angle of repose of less than 42

degrees.

19. The composition of claim 17 wherein each of the sucralose crystals
has a crystal length, the crystal length being the longest dimension thereof,
and a greatest crystal width measured at right angles to the crystal length,
wherein the ratio of the crystal length to the greatest crystal width is on

average less than 6.

20. The composition of claim 17 wherein each of the sucralose crystals
has a crystal length thereof, the crystal length being the longest dimension,

and a greatest crystal width measured at right angles to the crystal length,
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10 23. A conposition conprising stable sucral ose
crystals, wherein the sucralose crystals are

w@emenadsky t apered. 24. The conposition of cl aPen/@B2004/001759

wherei n each of the sucral ose crystals 15 has a
crystal l ength, the crystal |&agth being t he | ongest

th {
ﬁqléggrn@gsrlé t[\]%tral}% gﬁtth%.ﬁ sgglal@grgglﬁ%ez% Stel%tﬁafsggpmdth is on
Wheir8h 8 1ddietHaat40 of the crystal length to the
greatest crystal width is on average |ess than 6. 20

25. The conposition of claim 23 wherein each of the

syicr al c&@b %fﬁoﬁ o#@%ﬁ&%ﬂ)&ﬁe{%mlﬁn\% la, Jfliﬁecsrg}‘rﬁlelhas a

Iength e|ng onges i mensi on thereof
gjae’atleﬂlzeﬂ@'sﬁ tzltianvﬁrdm'habmetsm @dn &0 abioghtl 58ngheentol @ . % has
crystal |ength rein the._ratio of the crystal
ﬁ@'t—tﬁ:'? §'4enesy thaah Jom gr P)?gl?gl “%Rﬁ’tﬁb?%t %91 “rao/fver age
| ess than 4. 25 26. The conposition of claim 23
wherein 90 wt. % of the sanple has a particle size
1Z%5s tHancompesiisnwe’ dainph/t whatinthe socmpipse fEystals have a

Vpgout G%corﬂeﬂggﬁdﬁla‘ﬁ?ﬁt ﬁezd/oeﬁjsa Qﬁtnl(f)& om about 3 pmto

nposi tron o ‘cl ai m 23 havi ng
an angl e of repose of Iess than 42 degrees. WD
2004/ 096821 PCT/ GB2004/ 001759, 24 28. The compositi.on
51 ok R IPIRTATLE MPHEING AR S4- B145 AV s S NG i the

rg?Je‘FéI'é%S &%Qﬂérééé%@rahw% &reto t 0 about 10% 29.
St abl e sucral ose crystals prepared by the nethod of

claim1.
24. The composition of claim 23 wherein each of the sucralose crystals

has a crystal length, the crystal length being the longest dimension thereof,
and a greatest crystal width measured at right angles to the crystal length,
wherein the ratio of the crystal length to the greatest crystal width is on

average less than 6.

25. The composition of claim 23 wherein each of the sucralose crystals
has a crystal length, the crystal length being the longes’c dimension thereof,
and a greatest crystal width measured at right angles to the crystal length,
wherein the ratio of the crystal length to the greatest crystal width is on

average less than 4.

26. The composition of claim 23 wherein 90 wt.% of the sample has a
particle size less than from about 30 ym to about 150 pm, and 10 wt.% has

a particle size less than from about 3 ym to about 40 pm.

27. The composition of claim 23 having an angle of repose of less than 42

degrees.
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28.  The composition of claim 23 wherein the sucralose crystals have a
moisture content from about 0.2% to about 10%.

29.  Stable sucralose crystals prepared by the method of claim 1.



