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filed July 16, 2003. TECHNI CAL FIELD This invention
pertains to the renoval of inpurities froma high

purity sucrose material, including raw sugar as

typi cally produced by the cane sugar industr
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Roll ers extract sugar juice fromthe fibrous material,
typically called bagasse The bagasse nay be recycl ed

as a fuel for the mill ﬁﬁ@ﬁ“§#§ es, or can be used

as a raw nmaterials source ducti on of
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sugar cane, and may be in a moist or in a liquid form where taken from a refining

process prior to crystallization or in liquid form by dissolving raw sugar in crystalline
form in water.

As an example only, a source of sugar is sugar cane. Harvested sugar cane
typically is sent to a raw sugar mill. The sugar cane is processed in a shredder to break
apart the cane and rupture juice cells. Rollers extract sugar juice from the fibrous
material, typically called bagasse.” The bagasse may be recycled as a fuel for the mill
boiler furnaces, or can be used as a raw materials source for the production of chemicals
such as furfural and ethanol. It is also used in the production of fibrous materials such
as wood products and paper, and as animal feedstuffs.

Sugar juice is purified before concentration by boiling in an evaporator. The
concentrated juice or syrup is concentrated further and seeded with small sugar crystals
in a crystallization process. Sugar crystals are grown to a required size by adding syrup
during boiling. A syrup is separated from these raw sugar crystals in centrifugals, and a
molasses is typically left over from the final centrifuging. This raw sugar from the

centrifugals typically is dried and transferred for storage.



in a crystallization process. Sugar crystals are grown
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the colorant molecules. A clear liquid is concentrated by boiling in a vacuum pan, and

then seeded with fine sugar crystals and grown to a desired size by adding liquor. When

25  crystals are a desired size, crystals and syrup are discharged from the pan. The mixture
of crystals and syrup is processed in centrifuges where crystals are separated from syrup.
Separated syrup is boiled again and more sugar crystals are extracted from it, and
repeated. Refined sugar crystals are dried by tumbling them through a stream of air,

then graded and packaged. Other purification methods include sulfitation processes and

30  processes known as Talofoc and Talodura processes which use phosphotation and

cationic surfactants or polyacrylaimides for color removal.
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20 aquebukateny Not #.309.4 50 tveliieh mgizes sucrose feedstocks derived from sugar beets

at purities of approximately 7% to 60% sucrose. See also, e.g., U.S. Patent No.
5,466,294, which utilizes a “soft raw syrup” as a feedstock to a chromatographic
method which is not in a high purity form at a less than 89% purity sucrose on a dry
solids basis, i.e., approximately 11% non-sucrose impurities.
25
DISCLOSURE OF INVENTION
The use of chromatography to purify already high purity sucrose material,
however, has not been known to have been considered by those in the art because the
impurities in raw sugar, for instance, are present at a very low level quantities and/or
30 percentages on a dry solids basis. We have unexpectedly discovered that a

chromatography process or processes can be cost effectively used to separate the
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"conti nuous SMB." An exanple of a batch

chromat ogr aphi ¢ nethod is described in the disclosure
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In one embodiment, a process for purifying a high purity sucrose material
comprises feeding a stream of a high purity sucrose material to a chromatographic
process in a system comprising one or more chromatographic columns or beds. The
process further includes producing at least a first product stream and a second product
stream from the chromatographic process, wherein the first product stream comprises a
higher concentration of the sucrose on a dry solids l?asis than the stream comprising the
high purity sucrose material and a higher concentration of the sucrose on a dry solids
basis than the second product stream, and wherein the second product stream comprises
a higher concentration of one or more non-sucrose components than the first product

stream.
As for product quality, we have found that utilizing a chromatography method,

the quality of the sugar stream is improved such that substantial amounts of essentially

all of the ash components are removed along with approximately 70% or more of the
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the art. Hi gh purity sucrose material is at a
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BRIEF DESCRIPTION OF THE DRAWING
FIG. 1 is an illustration of the configuration of a simulated moving bed utilized

for the chromatography in the Example.

BEST MODE(S) FOR CARRYING OUT THE INVENTION
There are a number of embodiments of our invention which can be used to
further purify high purity sucrose material utilizing chromatography. One embodiment
includes a process whereby a high purity sucrose material, e.g., raw sugar, is conveyed
to a melter tank and mixed with an eluent such as, for example, water that is
approximately 60 degrees centigrade. If the resulting solution has an acidic pH,

addition of a base, such as, for example, sodium hydroxide, may be used to raise the pH



purified sugar) and still containing inpurities, e.g.,
color, including for exanpl e turbinado, denerara,

woREsoves@, or brown sugars. Qur nethod of utiPCRUSII04/022010

5

10

15

20

25

30

chromat ography for purification offers a selection of
several unique econom ¢ advant ages over conventi onal
processes. For instance, no chémical s for processes
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separator. Ton exchange is commonly used prior to chromatography and is well known

as a chromatography pre-treatment by those of ordinary skill in the art. For example,
divalent cations may be exchanged for monovalent cations in cases for which a
monovalent form chromatography resin is used.

In other embodiments, the composition comprising the eluent and the high
purity sucrose material may be melted before filtration. In yet an additional
embodiment, the composition including the eluent and the high purity sucrose material
may be subjected to a process to reduce the content of matter that may plug a resin used
in a subsequent chromatography process. The process may include pressure filtration,
rotary drum filtration, membrane filtration, centrifugation or combinations of any
thereof.

A filtered and/or degassed raw syrup is fed to a chromatographic separator to
remove part of the ash and color from the solution. The chromatographic separator may
include a batch type operation or the generally more efficient simulated moving bed

operation, and operated using continuous internal recirculation. Examples of simulated



addi tion of a base, such as, for exanple, sodium

hydr oxi de, may be used to raise the pHof the resulting
waodoahioams f rom about 7.0 to 8.0. The hi gher pH@eI/182004/022010

sl ow t he conversion of sucrose to fructose and gl ucose

if the solution is later held at higher tenperatures

for extended periods of tine. -k 60%to 70% di ssol ved

solids solution is, thus, produced. The raw sugar

demioviat bey provessss ae pa;ch;sﬁtj fdrnmtrarmn,yn UnS dateint Mo red 19554 (method

T AN TN ———
or rri%hﬂig éﬁg&of:é's §rﬁaté&%@t@®3832dv{§ [caﬁlﬁnf béqh@ﬁtﬁal simulated
an pe

used 1'n ‘a nenbrane tr i ncl
m edowirg beldrpaddess); and WiSaPhatehtt Na t6, BT 2304c(same)
nano-filtration. |n anothe nmbaodi t he nenbr ane,

5tr eat medbe RHpOPRe] eRIEMPR OB PEE 18ISt s A eplump 3y] qqppyise one or
r a\é\é zfl L’H%dé %o@ﬁ%ﬂ?d P fsé)%ﬂl fiemkdihl | THARE é@cgie{aﬁlks ﬁlters piping

TESI SuUsp are present, gassed if

OX)t@lﬁ’ﬁeclnsg ﬂb@&ﬁhﬁeen@olurmmadnld)ﬁo,r beewhers wbtcnngeclmlwpmylpu ralving,
may be subjected to.ion exchange before feeding to the

SMBIesHH® ﬁﬁuwr&prﬁiﬁe%%?wmqu owgontERl apd Brigfoprocgssor equipment
exﬁ{mke% in' A eﬁ%&#é}ﬂ akh@ l‘fi kﬂé\lv&‘p{ c&%&h& ;Inrdq{[hétﬂ)% to those of

syrup over COU resu In a

10 debadihgy akillon thé atthdhe khonmwdtegaping medmernay bé h@atiod fon exchange
this case, weak _or strong cati on exchange softening

ap pesispFucitas a DEONIHRK 3P (Na)ayailab e drope Gb?lé@tcbﬁmt%ls “which s
I on &élg%ﬁn(ggatlgﬁ 'ré)s'ir} t(ﬁhgmé)%r rﬂlgmg Ia;%arﬁ BAS LR, atb%gphlc aeparatlon

prior TOWH ograp

| S r&&ﬁis' indi@yRolas awd HHHSQH&O (5018 mb)t‘esl,i)lﬁs?PﬁlfoB&Im fesbly and DOWEX
those of ordinary skill in the art. For exanple,
di mr@mhemhr@mgtomyh@ée%hanged for nonoval ent

15 gﬁﬁ Ioggts gé’?%%%ns'lgodlf ort \M% s%é)egjf zi\!lelﬁ.ﬁ]g}{%a‘lé Me as show 1n FIG. 1.

resi I'nments

COMMES dtéRnaré PHARG LS Bb@a&ﬁl@ro@fdées’sbr @Mmetht dvatrbisahe Bp;?]mpﬁate valve
sucrose naterial nmay be nelted before filtration

y etopeming(digsingoflaw refepoenidnpigssurash eleﬁwcfﬁrtlmaw skill in the art will
SR ) Y5 U NG e o
Cont&Rts R pAaLHIBF ndddf bndR¥dRS K @RefifS hflert8&TIng this disclosure.

20 Water is used as the chromatographic eluent for a chromatographic process.
Other eluents that perform functions the same as or similar to water known to those of
ordinary skill in the art are also contemplated herein. Depending on the configuration
of the chromatographic separator, any number of product streams may be obtained.
Usually, however, two streams are taken from the separator. These are an extract which

25  is high quality sugar product, and raffinate which is non-sugar product.

Depending on the original quality of the high purity sucrose material, the extract
stream from the chromatography step may require further purification, clean-up or
polishing, usually to remove residual color. Addition of final polishing represents
separate embodiments of our invention. If desired, we recommend that the optional

30  polishing step include one or more of the following known color removal methods: ion

exchange, absorption, chemical treatment, carbon treatment or membrane treatment.
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SeqyARkbIkd SH1N04 AldedbsiFBY 8%k DL BCHHE) treARRnoPwater disposal
Patent No. 6,187,204 (sane). The nunber of col urms or

bedacilitges] althwugh one obdrdmaryrsigll ¢ thprarsmapdesier e.gg teeaporate such

bed t ai ni ng .chr omat ogr aphi.c nedi a.. Thqse feed
D it Mo mtei g R BB ot e Bins Al ien. el urms

and/ or BgHReriIRiRa8h MRMNAES hAY ind B Kitrakh, VdvAForation, dlistillation,

pressure regul ators, netering equipnment, flow contro

10 andrymg; igepabsopsionys sobgut gumotion) pidss @echction, adsorption, crystallization,
enbodi nent. are |1 known in construction and function
to a{“ﬂ B%TE“‘[{‘r'rga%‘?‘H }Aﬁﬁ‘{ey P%‘R%WUOP fnethads a3y inglyde further chromatography
¢ OnREIRG PR fveRRG Rl Bfh2simfAfatedind RRdfg conti
resi n, 'stich as a DIAI ON UBK- 530 ( Na ,qna@g%tfggg{ﬁeﬁgr giyyntmuous,
M seubeattinucse ot sajusntialhisadh simubatestt movigg ded dtitiahg aore than one

resin. her non-limting exanples of chromatographic
seg%ﬂpa\‘.‘til ng pereihan m%‘gemﬁhwen%wmmaﬁﬁwﬂswmyof the

resi Bsimnek ' | - ;

15 g b PO, Aoy RaBEE A IRSRRRIS, o oortnary
of shifl il thealtafior wyding thiadisclesirs Tawadition, Fuher purifibeti®a can include
steps. are nmanaged by a m.croprocessor which controls

t hEORPIRBRRS oftady v theclopgning, s8It alor gyample ogerabinatipns gf different

pr S dj : il le ] rt wiilil :
o R S5RGBT s LASRBA L fjrion o
st epmbinatioptdfmehtbrametrebithentasietdrying.
20 The following example is given to illustrate the present invention. This
Example is given for illustrative purposes, and the invention embodied therein should

not be limited thereto.

Example I — as applied to raw sugar.
25 A raw sugar derived from cane sugar processing was treated by this invention.
In other embodiments, the raw sugar may originate from other sources including, but
not limited to, beet sugar. The purpose was to remove color from the raw sugar. A
pilot scale simulated moving bed was used for the chromatography and it was
configured as illustrated in FIG. 1. The SMB system was operated using continuous
30  internal recirculation. The SMB columns were filled with Mitsubishi UBK-530 which

is a strong cation resin. The system was loaded at 2672.2 kg. dissolved solids per cubic
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Parane Ne 4 mnutes Eluent Water at a ratio

ers [S]

Qper ati ng

of 3.0 water to 1.0 feed on a volune to volune basis
Operating 60 Centigrade tenperature




Product ratio 1.0 ratio of extract product collected

to raffnate collected on a volune to vol une basis
w1206 chr omat ogr aphy, the dissol ved raw SuPEr/USES4/022010

filtered using a plate and franme filter. The system

was operated until equilibriumconditions were

reached. The purpose of the op&‘ati on was to renove

significant color fromthe raw sugar. The results are

reported in Table 2 and Tabl@L8IMSable 2 - Color, Dry

Solids, Turbidity Stream Color (ICUMSA - Dry Solids %

Turbidity (absorbanc* International at 720 nm and

basgfGoris&i@n for on dissolved solids Uniform
Met ho%lts gifnSuglar Anal ysis) Feed 480 66.5 52 Extract

160 35.6 1 Raffinate 6600 2.1 634 % Color elimnation

by material bal ance (inclydes wejghts. of materials) =

569. 3omatie 34 mgihed tp@&ppgfmﬁgg%tmgg%enpagg# the method
Fe%gm%?isi%? Extract 99.6% Raffinate 97.1% The raffinate
streamwas relatively lowin dissolved solids and, if
dedeeding ansrgatnecomeprisirfeoa hpghoperstyi sugrose matergpl to eat¢teomatographic
treatment or water disposal facilities. The extract
st r eam \RAQCSSRINZSYSIEFORIPHAINE HHEP%B‘IC\FEH’%‘P&T 16 ¢Rjumns or beds;
relatively lowin color. Wile the above invention has
been described with reference to certain

10  producing at least a first product stream and a second product stream from said

chromatographic process, wherein said first product stream comprises a higher
concentration of said sucrose on a dry solids basis than said stream comprising
said high purity sucrose material and a higher concentration of said sucrose on a
dry solids basis than said second product stream, and wherein said second
15 product stream comprises a higher concentration of one or more non-sucrose

components than said first product stream.

2. The method according to claim 1, wherein said chromatography process

1s selected from the group consisting of batch chromatography, simulated moving bed,

20  SMB, continuous simulated moving bed, semi-continuous simulated moving bed, time
variable simulated moving bed, sequential simulated moving bed, and combinations of

any thereof.

3. The method according to claim 1, further comprising dissolving said
25  high purity sucrose material in an eluent prior to feeding said stream comprising the

high purity sucrose material to said chromatographic process.
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may, nevertheless, fall within the scope of the

present invention, whose scopev%s defined by the

clains set forth bel ow. CLAIMS What is clainmed is: L A

met hod for purifying a high purity sucrose material,

the met Hod cdmgmeshatpccordan taglamsly, further eoRpisiagng a

O P AT Blrol AR TR LRRREPN ©

process in a 3CenPe Npri"sing one or nore

chr omat egdlamhiaid Eigh PpaAE suErobefiteraldn@r oduci ng at

| east a first product stream and a second product _
st r eam fifltgnng said higly prdy seragsHnateptlayios do fegmeshid sirghm to said
fi%ﬁamgﬁgdg Ecs&%8%n1conprises a hi gher concentration

of “CHF SN OER %GR a dry solids basis than said stream
conprising said high purity sucrose nmaterial and a

hi gher concentrati on of said sucrose on a dry solids
basi s tRan sdihg methaskrgcgrdingiie elain 3.exhereimsaid hiiematographic process

sai d..secon r oduct ream.conpri ses a higher

et AT fteh et as e ERBke hone suer ose. component s
than said first product stream 2. The nethod
according to claiml1, wherein said chromatography

process 6 s sdhganathod aesarding tgelaimp 1 chmbescomprisig Sebjesting said
chromat ogr aphy, sinul ated noving .bed, S cQnt i nuous.

o AREE R T ERro RS ool oo SRR dr b B stream
beded folsHR cHAThAGYrEplit Flokads SehdFBivishig nbREr ma P ALEIN I Rhgging aresin
si mul at ed novi ng bed, and conbi nati ons of any thereé%.

3. us¢rkinrseidibdoragtognaplingracesscl ai m 1, further conpri sing

di ssolving said high purity sucrose material in an
el uent prior to feeding said stream conprising the

7. The method according to claim 6, wherein said process to reduce the
content of said matter is selected from the group consisting of: pressure filtration, rotary

drum filtration, membrane filtration, centrifugation and combinations of any thereof.

8. The method according to claim 1, further comprising degassing said

stream fed to said chromatographic process.

9. The method according to claim 1, further comprising subjecting said
stream fed to said chromatographic process to ion exchange prior to feeding said stream

to said chromatographic process.

10.  The method according to claim 1, wherein at least one of said product
streams is subjected to a subsequent polishing step selected from the group consisting
of: ion exchange, absorption, chemical treatment, carbon treatment, membrane

treatment and combinations of any thereof.



hi gh purity sucrose material to said chromatographic

process. 4. The nethod according to claim1, further
wa@oopni®icag: di ssol ving said high purity sucr OBeT/US2004/022010

material in an eluent; nelting said high purity

sucrose material; and filteri n% said high purity

sucrose material prior to f eedi ng said streamto said

chr omat ogr aphi ¢ process. 5. The nethod according to

cl ai m 311.wheTké¢ mettaiddacchrdingatoogeap A0 e pheeas theuthiehnigad greatment

a water solution as the eluent. 6. The nethod

aceUPRISTE addng hydragen PEQ¥ 8% er conpri si ng subj ecti ng

said high purity sucrose naterial to a process to

reduce the content of matter in said streamfed to

sai d chinat ¢ methiod apcordiag s clainet @ iwhesan themadrhlnanermgatment is

result in plugging a resin_used | n said ) .

5 ¢RI BOBR eREng of. mgre-TibpHer nape-iERtiag. yige-ilration,
cl g ' L duce the content of
sa%ag}ﬁgpflﬁgﬁlg gﬁd;% eé?%tg;n??gfﬁn&'%gregfoup consi sting of:
pressure filtration, rotary drumfiltration, nenbrane

filtration, centrifugati on and comhi nati ons .of .ahny )
t her eof 13.8. The mathatheccarding i pliging d» yhsrein saidrhigh purty sucrose

e R L

10claim1, further conprising subjecting said stream fed
to said chronat ographi c process to ion exchange priaqr

to feedifhg sdhe ngthedpsoprlingiqiclaip dm@gﬁllaﬁﬁrlgrugh purity sucrose

process; : 10, t cor.din i i
2L R e oA AR bR bl byl s
SUBRBEIRAAE sAL, IbEEWR udit epd $6mbiHadend ¢faiy thged oup

consi sting of: ion exchange, absorption, chem cal
treatnment, carbon treatnent, nenbrane treatnent and

conbi nations..of any thereof. 11, . e IR, cor di :
3to clai n1o0, Tﬁlﬁg}e&oﬁl a_tcﬁ%rg%: et(r}ndé%ﬂI ITt r ea%ﬂéog?&gsgnr‘%%@%g refining
addiin fidhyikiegRiordl€ idterid Bby non-chromatographic methods prior to feeding said

stream to said chromatographic process.

16.  The method according to claim 1, further comprising subjecting at least

20  one of said product streams to further processing in a separate system by one or more
methods selected from the group consisting of: chromatography, filtration, membrane
treatment, evaporation, distillation, dryiﬁg, gas absorption, solvent extraction, press

extraction, adsorption, crystallization, centrifugation and combinations of any thereof.

25 17.  The method according to claim 1, wherein at least one of said product

streams has a color rating of less than 200 on a United States [CUMSA scale.

18.  The method according to claim 1, wherein a percentage of sucrose in
said high purity sucrose material comprises at least 90% of the total dissolved solids.

30



12. The nmethod according to claim10, wherein the
menbrane treatnment is selected fromthe group
wa@onsiosizielg of : mcro-filtration, nano-f [tratPONUS2004/022010
ultra-filtration, reverse osnosis and conbi nati ons of
any thereof. 13. The nethod according to claiml1,
wherein said high purity sucros® material is raw sugar
produced from cane sugar processing. 14. The net hod
accor di 1g. t o The aeathdd, acodreirg to chama, hhgleipthe ietuensis appeRimately
material is selected fromthe group consisting of:
t ubBithado sugar, denerara sugar, nuscovada sugar,
brown sugar, and conbi nati ons of any thereof. 15. The
met hod according to claim1, further conprising
partial 29. r efliheinnghsbacdotdiightoplaihd ¥, farthérasmpiiingrmiaing the first
by non-chromat ographi ¢ net hods prior to feeding said
53tPéﬁh?i%“@5%%“@&ﬁ6ﬂé¥@§$&phlc process. 16. The nmet hod
according to claim1, further conprising subjecting at
| east one of said product streans to further
processing in a separate system by one or nore nethods
selected fromthe group consisting of: chronmatography,
filtration, nenbrane treatnent, evaporation,
distillation, drying, gas absorption, solvent
extraction, press extraction, adsorption,
1ocrystallization, centrifugation and conbi nati ons of
any thereof. 17. The nethod according to claiml1,
wherein at | east one of said product streans has a
color rating of less than 200 on a United States
| CUMSA scal e. 18. The nethod according to claiml1,
wherein a percentage of sucrose in said high purity
sucrose material conprises at |east 90% of the total
di ssol ved solids.19. The nethod according to claim 3,
wherein the eluent is approxi mtely 600C. 20. The
met hod according to claim1, further conprising mXxing
the first product streamwth a food product.



