METHOD FOR PURIFICATION OF HIGH PURITY SUCROSE
MATERIAL PRIORITY CLAIM This application claims the benefit of U.S.
Provisional Application 60/487,706, 5 filed July 16, 2003. TECHNICAL
FIELD This invention pertains to the removal of impurities from a high
purity sucrose material, including raw sugar as typically produced by the
cane sugar industry. 10 BACKGROUND The standard method used to
refine, for example, raw sugar to levels acceptable for marketing as white

sugar and/or use in food products is through crystallization methods. Less
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15 carbonabsorption. Raw sugar usually includes sugar in crystalline form produced from
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
20  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 mayvbe 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
25  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 centri fugals,and a

30 molasses is typically left over from the final centrifuging. This raw sugar from the
centrifugals typically is dried and transferred for storage.




centrif igals typically is dried and transferred for storage. 4e A current
practice of certain industrial scale food and/or beverage producers that
utilize sugar is, for economic reasons, to purchase a high purity sugar
product on the market from time to time that is in a form not yet suitable
for use in food production, because such sugar product, e.g., contains
impurities such as color and ash compor_lgnts. 5 Such producers, while
saving cost in purchasing such sugar for food and/or beverage
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a straw-colored, crystal clear liquid. Phosphatation adds phosphoric acid to melted

20  sugar and removes precipitate as a layer from a flotation clarifier. Phosphatated liquor
is generally filtered through sand in a deep bed filter to remove residual precipitate left
after clarification. This liquid then passes through decolorizing columns which adsorb
the colorant molecules. A clear liquid is concentrated by boiling in 2 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 puriﬁcaﬁ.on methods include sulfitation processes and

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

cationic surfactants or polyacrylaimides for color removal.




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. -3- Industrial
applications of chromatographic separatidns are typically applied to a
feedstock in order to separate constituents present in significant
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chromatographic method is described in the disclosur U.S. Patent
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Patent No. 5,466,294, which utilizes a "soft raw syrup” as a feedstock to a
Chroﬁﬂi\%ﬁfﬁﬁaiéu"h as salts and high molecular weight compounds. The simulated

moving bed disclosed by the ‘866 patent is of the type sometimes referred to as a
“continuous SMB.”
An example of a batch chromatographic method is described in the disclosure of
20  U.S. Patent No. 4,359,430, which utilizes sucrose feédstocks 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




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 hade unexpectedly discovered that
a chromatography process or processes can be cost effectively used to
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used herein, the term "high purity sucrose material” will be used to refer
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component removal. As used herein, the term “high purity sucrose material” will be
used to refer to a concentration of sucrose in a material, such as raw sugar dervice
syrup, that is at least about 60% and preferably about 90%.
In one embodiment, a process for purifying a high purity sucrose material
20  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
25  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,
30 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




In one embodiment, a process for purifying a high purity sucrose material
20 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 basis

than the stream comprising the 25 high purity sucrose material and a
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of the water and low amounts of dissolved solids and may be sent
In applications such as soft drink bottling, the final product, in the liquid stage,

can be used directly, by-passing the need for crystallization. Thus, in another
embodiment, the final product may be mixed with a food product such as, for example,
soda pop.
20
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.

25 " 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
30  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




on to water treatment or water disposal facilities with little or no prior
treatment, 15 eliminating the need to expend substantial energy for
evaporation. In applications such as soft drink bottling, the final product, in
the liquid stage, can be used directly, by-passing the need for
crystallization. Thus, in another embodiment, the final product may be
mixed with a food product such as, for example, soda pop. 20 BRIEF
DESCRIPTION OF THE DRAWING FIG64 is an illustration of the

configuration of a simulated moving bed utilized for the chromatography
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deterioration of the chromatographic separation. In this case, weak or strong cation

15 exchange softening is appropriate.

The feed syrup may also be subjected to ion exchange prior to entering the
separator. Ton exchange is commonly used prior to chromatography and is well known
asa 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

20  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
25  inasubsequent 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
30 include a batch type operation or the generally more efficient simulated moving bed

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




10 through check filtration if residual suspended solids are present, and
degassed if oxygen is present. Optionally, the resulting raw syrup maybe
subjected to ion exchange before feeding to the SMB chromatography
system. This may be useful, for example, for removing the divalent
cations from the syrup over time which could result in a slow deterioration
of the chromatographic separation. In this case, weak or strong cation 15
exchange softening is appropriate. The féed syrup may also be subjected
to ion exchange prior to entering the separator. lon exchange is
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5,102,553 (time variable simulated moving bed process), U.S. Patent No.
6 O9@3M§m@@{?&?ﬁt%%ﬂ§%€wf§mulated moving bed process); and

14.S. PateniNehHoBbAREAS MR Rleps of an 8 column system are as shown in FIG. 1.
These steps are managed by a microprocessor which controls the appropriate valve
opening/closing, flow rates, and pressures. Those of ordinary skill in the art will
appreciate multiple alternative arrangements of such steps to optimize the disclosed
process for particular needs and feedstock materials after reading 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.




5 The number of columns or beds is | to 8. A column may comprise one or
several beds containing chromatographic media. Those feed tanks, filters,
piping connecting flow between columns and/or beds where so

connected, pumps, valving, pressure regulators, metering equipment,

flow control and microprocessor equipment utilized in one embodiment

are well known in construction and function to those of 10 ordinary skill in

the art. The chromatographic media may-Be a cation ion exchange resin,
such as a DIAION UBK-530 (Na), available from Mitsubishi chemicals,
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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 1 — 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 cationresin. The system was loaded at 2672.2 kg. dissolved solids per cubic




Chemical treatment can include the addition of oxidizing agents, such as
hydrogen peroxide wherein 0.1 % to 0.15% on weight is our
recommended dosage. An example of membrane treatment is the
employment of nano-filtration membranes which can remove small
remaining colored compounds. 5 Evaporation of, or water removal from
raffinate, will be unnecessary where low in dissolved solids and desired
to, e.g., send to water treatment or Water?risposal facilities; although one
of ordinary skill in the art may desire, e.g., to evaporate such stream for

comtEieTeSahs ToRb sttt FAa i potves Ot Asubip antiendiskibuted
metheglayayrochte Sitsatinm. cvhpopatiomteistiialiasd id@andng, gas
absorption, solvent extraction, press extraction, adsorption, crystallization,
and centrifugation. Other purification methods may include further
chromatograpble bedopeimingPtnsngtesntion utilizing batch, simulated

ngoving bed (including continuous, semi-continuous, or sequential), such

1 + } Jo | P P h o na. PoV-SWER AT 1 [T 1T = Vo I =% Pt~ o
S|mu‘ LU TTTOVITIY UrutimZnTgimone trarone qup, Utllll_lllld moTe thall

one SRS tharftdABYESfile, or combinations of any of the 15 forgoing

as w||BbeeappreciateWiirapphaitions Witk son\EREQ B VEIeER &f volume basis

ordi SKil I the %rbtc%te{.rea(\lolng his disctosure. Tmadditiorn, further
rl crating . €1l 1%‘8 C, . .
purific, ﬁénclude combinations of any of the forgoing, such as for

example—combinationsof different methods of chromatography,
combRrgduekraiehionfatatipaafhextwatit fitrdiicnealeatedioimafimate afollected on a
menbrane treatmehvolieRake Hedurobasie following example is given to

illustrate the present invention. This Example is given for illustrative
purposes, dtribtite dhnemntiograpinh daiditdblesdirasvugld waefilerbonitad: a plate and
theretq. leyl - as applied to raw sugar. 25 A raw sygar derived from
can?%%%ﬁ [:{)?lgc%g?sﬁxat%%%ﬁg é%f%l)}l ltliﬁsel u\}?lér’ﬂ%lﬁl.c?ﬁgﬁﬁgf‘ were reached. The
embauinesatef the opovatiogavas ty remgiveasizhificudtbelos froracthdratudingr. The
fRut p&hi@é&%@éﬁox@e%%}.%% m(g.f)a%li@%se was to remove color from the

raw sugar. A pifot scale simulated moving bed was used for the
chromatography and it was configured as illustrated in FIG. 1. The SMB

system wasrQpRrRed HSing G YoiiaY Mibidity

Stream ' Color (ICUMSA -- | Dry Solids % Turbidity (absorbanc:
International at 720 nm and basec
Commission  for on dissolved solids
Uniform Methods of
Sugar Analysis)

Feed 480 66.5 52

Extract 160 35.6 1

Raffinate 6600 2.1 634

% Color elimination by material balance (includes weights of materials) = 69.3%




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 -9- meter resin/day. Total resin
volume for the test was 0.013 cubic meter distributed equally among the
8 columns. Other parameters are listed in Table 1. Table 1 -- Operating
Parameters 5 Step time 4 minutes Eluent Water at a ratio of 3.0 water to
1.0 feed on a volume to volume basis O'plé)r‘ating 60 Centigrade
temperatureTPbrlo u_(_:kratio 1.3; ratio of extract product collected to raffinate
collected on ‘& VoiunePRS 8l asis Prior to chromatography, the

dissolved raw sugar was filtered using a plate and frame filter. The

systengmeamoperated until equilibrium c%ﬂﬁ@;&wyeached. The

purp € U}i the operatiomwas toremove st nifcanteotor from-theraw
sugat_1He 10 results are reported in Tabte-2’and Table 3. Table 2 -

Colon, BExtyaBolids, Turbidity Stream Colof §i6:691SA -- Dry Solids %

Turbiff gorbance Tnternationar at 72 ,;l{g/andbase( COommission for
on disseled-selids—niferm-Methods of ||'gm‘J Analysis) Feed 480 66.5

52 Extract 160 35.6 1 Raffmate 6600 2.1 634 % Color elimination by
material balaheeafieitckesavrigRieRliRAIRR R ds8v3U&olils and, if desired, may

5  besent for processing in, e.g., water treatment or water disposal facilities. The extract
stream was relatively high in dissolved solids and relatively low in color.

While the above invention has been described with reference to certain

embodiments, the scope of the present invention is not limited to these embodiments.

One of ordinary skill in the art may find variations of these embodiments which may,

10 nevertheless, fall within the scope of the present invention, whose scope is defined by

the claims set forth below.




Table 3 - Apparent Purity i Stream Apparent purity Feed 99.2% Extract
99.6% Raffinate 97.1% The raffinate stream was relatively low in
dissolved solids and, if desired, may 5 be sent for processing in, e.g.,
water treatment or water disposal facilities. The extract stream was
relatively high in dissolved solids and relggively low in color. While the
above invention has been described with reference to certain
embodiments, the scope of the preseftiti¥tion is not limited to these
embodiments. One of ordinary skill in the art may find variations of these
embodiments which may, 10 nevertheless, fall within the scope of the
preBat iswdtititid \Whose scope is defined by the claims set forth below.
-11- CLAIMS What is claimed is: 5 1. A method for purifying a high purity
sucrose material, the method comprising: degassing a stream comprising
5a high purlty sucfbseathatkfiel; fedéing saiti gireaniyosacepiomateyphptiie method
pr%coqﬁjrg a,System comprising one or more chromatographic columns or
; 5 producing at least a first product stream and a second
prothgaﬁs;trgarmfwnm saprotmgrmatg @phic poosss)amielein said first
Produgt slieam comprises ahigher senasniratian of SAIdSUGIRSE A0 &Y 1ore
solids basis than said sfream con%pa%mgpsal Igh ?y sucrose n‘\ga?erlaif
and a hlghhrmnatogmmimmdﬂmambsbedsserﬂn a dry solids basis than said
13500 product stream, and wherein said seqond 49 pIodUGt SUERM. from said
prlses |g &r'cOndantration of OReE bf Mofe Hon-Sutros
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
is selected from the group consisting of batch chromatography, simulated moving bed,
20 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.

4. The method according to claim 3, wherein said chromatographic process

utilizes a water solution as the eluent.



components than said first product stream. 2. The method according to
claim 1, wherein said chromatography process is selected from the group
consisting of batch chromatography, simulated moving bed, 20
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 prigy to feqgling spishsitea O BRISIAY therhigh AHptksgcrose
material to said chromatographic process. 4. The method according to
clatht ! Whereid Bl pHiéramrapritcppbie s aliiizes a water solution
as méitﬁ{g%gfdlﬁéh %H}%H&%@Q%@&?&ﬁ?mto claim 1, further comprising:
dissolving said high purity sucrose material in an eluent; melting said high
Spuritiesingr osedmizigdriatand Sidieseing aeitthiphopuittyfeedingseadatdriam to said
prior to feedi i t id chromatographic process. 6. The
method aggg)grgﬁg% %)aﬁéfgﬁgllé)gﬁf?erein the eluent is approximately 60C. 10
7. The method according to claim 1, further comprising subjecting said
high purity,sucroze material 10.8,8100ess, f9 fefluge (e, gonient of matter /ey
said stream fed to said ¢ romatogrépﬂlc procéss, wherein sal matter
ma§Ofesult in plugging a resin used in said chromatographic process. 15
108. The method according to claim 7, wherein said process to reduce the
content of said matter is selected from the group consisting of. pressure
filtration, rotary  diwnndédthatiarcoremptandditirdtidostbentiofugetion amsjecting said
corﬂ]lbil?ations of ang there.o[. o
gh purity sucrose material to a process to reduce the content of matter in said stream
fed to said chromatographic process, wherein said matter may result in plugging a resin

used in said chromatographic process.

15
8. The method according to claim 7, 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.
20 0. 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
25 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.

11. The method according to claim 10, wherein the chemical treatment

30 comprises adding hydrogen peroxide.



20 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 25 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. 11. The

method ageordingifo,GlainilRc¥GIetd e she s eaBeRBPane treatment is

comprises adding hydrogen peroxide. -13- 12. The method according to

claflepted fFareihetBe whcpiiaHe rdatheiot 18 tseleptew ot ttRBagsalla-filtration,

conSIngRMBIC AT LB NBRC JiAfiaRura-filtration, reverse

osmosis and combinations of any thereof. 5 13. The method according to

5claim 1, wherein said high purity sucrose material is raw sugar produced

o canersuo HHeSEEIOR (4o TR MR Ar RN R AP Kucrose

comprising partially refining 10 sai %ngh purity sucrose material

nomaetemah stograpigio prethwdd prior tenfeedingsamssiream to said

chromatographic process. 15. The method according to claim 1, further

comprising subjecting at least one of said product streams to further

processin@4n a sBpanatth sy ateordiy orectrimaoréutbemetinpdsise lpotiedly refining

from the. group. consisting of: chromatography, filtration brane . :
1o o ARG TTATLT TP e G SRy o feeding said

extsaetionoprddshexinactignpladgooption, crystallization, centrifugation and

combinations of any thereof. 16. The method according to claim 15,

wherein the eluent is approximately 20 60C. 17. The method according to

claim 1, wiereinBideaghonacbadish poeaiuat 1sTeamsddasasaiiuEinggfat least

less than 200 on a United States ICUMSA scale.

one of said product streams to further processing in a separate system by one or more
15 methods selected from the group consisting of: chromatography, filtration, membrane

treatment, evaporation, distillation, drying, gas absorption, solvent extraction, press

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

16. The method according to claim 15, wherein the eluent is approximately

20 60°C.

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 ICUMSA scale.

25 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.

19.  The method according to claim 1, further comprising mixing the first

product stream with a food product.



25 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. 19. The method according to claim 1, further comprising
mixing the first product stream with a food product. -14- 20. A method for
purifying a high purity sucrose material, the_method comprising: feeding a
stream comprising a high purity sucrose material to a chromatographic 5
process in a system comprising one or more chromatographic columns or
beds; an@@rodu,&'@lgeaid&%&%Hf%ﬂg%ugfﬁrEMﬁm%%$m&aﬁo%l&tmethod
stream from said chromatographic process, wherein said first product
stréampEBABtises a higher concentration of said sucrose on a dry solids
ba%é%&h?%é%@eﬁ}ﬁeé‘é% PRIRESING SRIpL RN RLFRE SHEFOSE MALBAtohitoeraphic
and a higher concentra ion of said sucrosé on a dry solids basis than salag
5second ppoekess stresysicancPwneseig saicPserundiproiogstpbingolumns or beds;
COMRIBERANIGNSEARCAKEHANRLONR 96 RIS, TARHAIARer sueam from said
compohents than said first product stream ereln sal purity
sucrose neateraitigsgleictecbfom the group consisting of: turbinado sugar,
15 d merara ovada sugar, bro ar, an mb| atigns of
any Lo S TR R LRI 16 L D0, Gl SRy g Tose on
degassingisasoligt dasis fadrt(sesdlsmhrmmanpgmpgluaplrh@spuﬁ@rIaﬁcr‘BkEmaterial
1Omethod accgrdflI to claim O,twhefeln aid chroma ftl Qg,/bproct SS isd d
selected ffOm" gerro(lfjoﬁl cangidti Hé) ot batch Chrdmha ‘g y, Simulaied @ secon
movmg b@dodoongmt@usaﬁumulated moving bed, semi-continuous
S|m ted mo %ﬂpt'me variable simulated m bed, seguen ial
simt fSle??é % fa?r?&%é?ﬁ‘iﬁﬂ‘a‘f%ﬂgrb?sz%lﬁ%f’f é’féSfm“ one ot tore

non-sucrose components than said first product stream wherein said high purity
sucrose material is selected from the group consisting of: turbinado sugar,
15 demerara sugar, muscovada sugar, brown sugar, and combinations of any

thereof.

21.  The method according to claim 20, further comprising degassing said
stream fed to said chromatographic process.
20
22. The method according to claim 20, wherein said chromatography process
is selected from the group consisting of batch chromatography, simulated moving bed,
continuous simulated moving bed, semi-continuous simulated moving bed, time
variable simulated moving bed, sequential simulated moving bed, and combinations of

25 any thereof.

23. The method according to claim 20, further comprising dissolving said
high purity sucrose material in an eluent prior to feeding said stream comprising the

high purity sucrose material to said chromatographic process.



23. The method according to claim 20, further comprising dissolving said
high purity sucrose material in an eluent prior to feeding said stream
comprising the high purity sucrose material to said chromatographic
process. - 15 24. The method according to claim 20, further comprising:
dissolving said high purity sucrose materjgl_in an eluent; melting said high
purity sucrose material; and 5 filtering said high purity sucrose material
prior to feeding said stream to said chromatographic process. 25. The
method aegordingi o, £l BT SaithrhromaiRgarhisisracess
utilizes a water solution as the eluent. 10 26. The method according to
clathssedvifgtred beghpusing sesiecmagesaldn iy Blpemty sucrose material
0 A RIRRE ST BRI S ERNERLRIMARY In said stream fed to said
chromatographic process, wherein said matter may result in plugging a
Sresifitarged $aidalidebhmistogeiobic proveds prHR2 10 Thedmethe stream to said
accordingcﬁ&') &ﬁﬂg; ?%Q Mﬁg{g&gggid process to reduce the content of said
matter is selecte roﬁw the group consisting of. pressure filtration, rotary
drum filtration, membrane filtration, centrifugation and combinations of any
ther.eOfZ 2952 8 Tjﬂﬁemlggﬂ%idagc%%@lln t‘% CCI i f‘%@?&%"{“ R Ighr}gmatographic
subjecting said stream fed to said chitomatographic process {0 ion
exgirangs iliretoafeatingodaichstre dra etoesaid chromatographic process.
1029. The method according to claim 20, wherein at least one of said
product 25 streams is subjected to a subsequent polishing step selected
from the gteup cohsistinigodficndinghangaemabBdiption, congmiidal subjecting said
tre;t%ent, carbon treatment, membrane tre tmeé%g and combinations of

any RIS SYCHIE THEERBU'SIIRY 18 AT 29° GHLrRlL A LRIl stream

tregém@daid chromatographic process, wherein said matter may result in plugging a resin

used in said chromatographic process.

15
27. The method according to claim 26, 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.
20 28. The method according to claim 20, further comprising subjecting said

stream fed to said chromatographic process to ion exchange prior to feeding said stream

to said chromatographic process.

29. The method according to claim 20, wherein at least one of said product
25 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.

30. The method according to claim 29, wherein the chemical treatment

30 comprises adding hydrogen peroxide.



30 comprises adding hydrogen peroxide. -16- 31. The method according
to claim 29, wherein the membrane treatment is selected from the group
consisting of: micro-filtration, nano-filtration, ultra-filtration, reverse
osmosis and combinations of any thereof. 5 32. The method according to
claim 20, wherein said high purity sucrasg, material is raw sugar produced
from cane sugar processing. 33. The method according to claim 20,
further comprising partially refining 10 said high purity sucrose material by

non-chromatogragfic,mMetacds RUMR BeHINS Ve SEEHDIR $Blne treatment is

chromatographic process. 34. The method according to claim 20, further
corfdeisrshsub detitigun teasstoreob B JibmitasthanenB it fighaltra-filtration,

PragesRIng I G RERRY BEBYSIEBRDYARE Blepagre 15 methods selected

from the group consisting of: chromatography, filtration, membrane
Streatment, evaporation, distillation, drying, gas absorption, solvent

extraction, pres traction, ntion, G, izati entr [
combinatisgs of A T LSS i e T 498 A e
whergiial ieasy ongaopsaidgerbiiaot c20estnganpsdrassangolor rating of less

than 200 on a United States ICUMSA scale. 36. The method according to

claim 20, wherein a percentage of sucrose in said high purity sucrose

material ca@nprisébeahizhst 90%rdihthe tdsandlSshlvddrsolols:isifg partibhlg refining

methad according to claim 20, further camprising mjxing the first. product. )
IOStr esaal%%mgrf%%lFc)rr%s&urgﬁgeriatl%y non—ghr ma{ograplnc I%E‘,EIO sprl(?r to eeémg said
stream to said chromatographic process.

34, The method according to claim 20, further comprising subjecting at least
one of said product streams to further processing in a separate system by one or more
15 methods selected from the group consisting of: chromatography, filtration, membrane
treatment, evaporation, distillation, drying, gas absorption, solvent extraction, press

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

35. The method according to claim 20, wherein at least one of said product

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

36. The method according to claim 20, wherein a percentage of sucrose in

said high purity sucrose material comprises at least 90% of the total dissolved solids.

25 37. The method according to claim 20, further comprising mixing the first

product stream with a food product.



