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DESCRI PT1 ON

"PROCESS OF SEPARATI ON AND PURI FI CATI ON OF GLYCEROL
DERI VATI VES"

Technical field

The present patent application relates to a novel nethod for
t he purification of gl ycerol derivati ves, i ncl udi ng
di hydr oxyacet one (DHA) , hydroxypyruvic acid (HPA) , glycolic
aci d (GCo , oxalic aci d (OXA) ,  nesoxalic aci d (MEO
tartronic acid (TTA) , glyceric acid (GcA) , glyceral dehyde

(&A) , glyoxalic acid (G and unreacted gl ycerol by

simul ated noving bed chromatography.

Background art

One of the main alternatives in the search for new sources
of energy to replace fossil fuels are biofuels, such as
bi odi esel . Its production generates a byproduct, d ycerol,

which represents around 10% in weight of the total biodiesel
produced. Even though there are industrial wuses for it, the
increasing production of biodiesel has led dycerol to be
treated as an industrial waste. Then, besides its |low price,
problems |ike the environnental i mpact have also becone

rel evant

Crude dycerol has very |low conmercial value due to its
inmpurities, but as it can be converted in products of added
value the feasibility of the biodiesel i ndustry can be

enhanced .

Many researchers are focusing in this conversion through
selective catalytic reactions such as selective oxidation,

sel ective hydrogenolysis , catalytic dehydration, pyrol ysis
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and gasification, anbng others, in order to convert ddycerol
into chemcals and fuels of interest for the Chemcal, Fi ne
Chem cal , Conestic and Pharmaceuti cal i ndustries ( Fan,

Burton, and Zhou 2010)

Despite the advances on the devel opnent of processes to
produce valuable conpounds from bioglycerol, sone challenges
still persist on the purification step. Mreover, it is known

that the purification step can determine the conmercial

viability of an industrial process. This nmeans that, one
route or an entire industrial process can be discarded if
the purification is not energetically and commercially

favorable. The difficulty is even greater in those cases in
which the conpounds of interest are produced at low
concentrations or are chenmically simlar, as it is the case

of DHA, HPA, GCO OxA, MEO, TTA, GCA, G.A and GOX separation.

So far, there are no reports on the production, by catalytic
oxi dati on, of DHA, HPA, GCO, OXA, MEO, TTA, GCA, GLA and
GOX, or even any conpound, i ncl udi ng ot her gl ycerol
derivati ves, from glycerol and their purification by

simul ated noving bed.

At laboratory scale, (Cai et al. 2014) have described the
gl ycerol oxidation to tartronic acid over a gold catalyst

supported in HY zeolites, and the purification step is not
i ncluded. Probably, the first industrial process to obtain

TTA was described in 1981 in (Hurley 1982) . In that docunent,

a chem cal process is described conmprising the follow ng

st eps :
- converting a starting naterial (maleic acid, fumaric
acid, tartaric acid, namleic acid anhydride, tartaric

acid anhydride, or any of the water soluble esters of
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maleic acid, fumaric acid, or tartaric acid) into a
salt (the resulting salt nust have pH between 10 and
14) ;

- oxidizing the salt solution wth aqueous potassium
per manganat e (KMh04) ;

- renmoving a first precipitate from the oxidized salt
sol uti on;

- adding a water soluble salt to the solution in which
oxalates are insoluble in acid and tartronates are
soluble in acid;

- separating a second precipitate resulting from the
addition of the netal salt;

- dissolving the tartronate by adding a mneral acid to

the second precipitate.

In this case, the production process as well as the
purification nmethod are different from the disclosed in the

present application.

(Habe et al . 2009) have disclosed a nicrobial production of
GCA and DHA from glycerol during 4 days of incubation in a
batch fernmentor with pH control. Besides the fact that the
process is totally different from the one proposed in this
docunent , the work is still in laboratory scale and needs

i nprovenents

Nowadays, the OXA can be wusually obtained through four
met hods

- a glucose solution obtained by hydrolysis of starch is
placed in a reactor wth sulfuric acid, vanadium pentoxide,

iron (Ill) sulfate and nitric acid (65% under vigorous
stirring; Crude oxalic acid is obtained after cooling and

centrifugation of the reaction mxture; The crude acid is
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again dissol ved in hot water, passed through a grease
separator and recrystallized; After a second centrifugation
and drying, oxalic acid dihydrate is obtained,

- an ethylene glycol solution is oxidized by an oxidizing
m xture of sulfuric acid and nitric acid, in the presence of
vanadi um pentoxide and iron (Ill) salts. Crude oxalic acid
is obtained after a crystallizer and separator steps. The
final product is obtained after nore steps, including: a
di ssolve with steam <crystallizer, separator and then a
dryer;

- a propene solution is introduced into a solution of nitric
aci d to produce wat er sol ubl e i ntermedi at es of  «-
nitratolactic acid and lactic acid. In a second step, the
solution of these partially oxidized products is treated
with oxygen in the presence of a catalyst. Oxalic acid is
formed, crystallized, filtered and dried,

- carbon nonoxide (co and a |ower alcohol are reacted under
pressure and in the presence of a catalyst to form the
corresponding diester of oxalic acid. Palladium on charcoal
and alkyl nitrites are enployed as catalysts and the reaction
is carried out at 10 - I|lMPa. The diester is hydrolyzed in
the second step to oxalic acid, which is crystallized and
dried .

GCO acid is wusually produced by hydrolysis of nolten
nonochl or oaceti c acid with aqueous sodium hydroxide (Zhang
and Meng 2013) . The resulting glycolic salt may be renpoved
by evaporative concentration, followed by extraction of the
acid with acetone (LEUPOLD et al., 1979) . Another process,
which is commercially wused in the United States produces GCO
from the treatnent of formaldehyde or trioxynmethylene wth
carbon nonoxide and water in the presence of acid catalysts

at high pressure (>30MPa) and high tenperature (140-220 00
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(Shattuck 1948; Larson 1939) (John 1939) . Then, the glycolic
acid can be recovered from the concentrated solution by
crystallization or separated from this crude mxture by
distillation. But this new residue may be neutralized, e.
g., Wth calcium carbonate, to convert the glycolic acid
into a readily separable salt, or the residue my be
sterilized wth a suitable alcohol for renoval of the
glycolic acid as an ester. None of these use a production

step followed by purification step, as does the process

disclosed in the present application.

Simlarly to GCA the DHA production process involves a
m crobial procedure (G een 1960; Charney 1978) . Although it
is an industrial process, the fermentation is conplete in up
to 48 hours, nunerous reagents are needed for the m crobial

growh and the whole process has Ilow yields and |[|ow

productivities. Myreover, it presents the conmmon problens of
i ndustri al bi ot echnol ogy: di sconti nuous processi ng,

difficulties to mai nt ai n t he m cr obi al gr ow h,
contam nations by other mcroorganisns, high sterilization

costs and high product recovery cost (Chen 2012) . At the
end, the product is isolated by known nethods in the art,
such as, filtration of the broth, r enoval of inorganic
cations and/or anions (when present) via ion exchange resin
adsorpti on, concentration of t he resin ef fl uent and
crystallization of DHA from the concentrate. Agai n, it
relates to a totally different process design from the one

described in the present patent application.

On the other hand, the literature reports nany processes for
purification of Organic Acids, which include conmpounds
simlar to DHA, HPA GCO OXA, MEQO TTA, GCA, GA and GOX,
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but through very different nethods of the one proposed in

this docunent:

US 4621153A (Hatch 1986) describes a nethod of recovering
phenyl al anine from an aqueous m xture conprising: providing
calcium salt in the aqueous mxture; precipitating a conplex
of phenyl al ani ne and Ca2+; separati ng the precipitated
conpl ex from t he aqueous m xt ure; di ssol vi ng t he
precipitated conplex in an aqueous solution at pH below 8.5;

and separating the phenylalanine from the Ca2+.

The patent US5254729A  (FUJIWARA et al ., 1993) reports a
method for obtaining substantially colorless glycine from an
aqueous glycine solution. The method conprises the follow ng

steps: reacting glycolonitrile, carbon dioxide (gas) and
ammnia in the presence of water to obtain a solution

containing glycine; removing nost of carbon dioxide and
ammonia by adjusting the pH of the remaining alkaline aqueous
glycine solution to 3.5-6 with an acid cation exchange resin;

decoloring the aqueous glycine solution by contacting the
solution with active carbon and; evaporating water from the

solution to crystallize pure glycine crystals.

The work of JP2003221359A ( HI ROYUWKI and AKIH RO 2003)

describes a nethod for manufacturing dicarboxylic acid from
the reaction mxture obtained by bringing a cycloalkane into
contact with oxygen in the presence of an inmide group
compound. An ion-exchange resin treatnment is used to separate

the dicarboxylic acid. This ion-exchange resin treatnment can
be performed by supplying the liquid to be treated to a
container filled with ion exchange resin (ion exchange resin
treatment bath) . The ion exchange resin treatnent tank nay

be a tower type. In addition, a fixed bed, a fluidized bed
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system or any other continuous treatnment can be used. The
work discloses the separation of conpounds <containing an
imde group or it's deconposition products from dicarboxylic
acids obtained through the oxidation of a cycloal kane which
conmprise a conpletely different set of conpounds to be
separated conparing with those focused on the present patent
application, which are obtained from different raw material,
nanel vy, gl ycerol . Mor eover, it does not specify which

continuous treatnment is better in the reported invention.

The patent EP1441823B1 (Herman 2013) contenplates nethods
for the isolation of one or nore specific conponents from a
nor e compl ex mat eri al , but usi ng a centrifugal

chromat ography device (CCD) described in the docunent.

The patent WOR201 6083455A1 (KCOLFSCHOTEN and Sanders 2016)
describes a process for the precipitation of one or nore
amno and/or organic acids from a liquid feed conprising a
plurality of amino and/or organic acids. In a precipitation
vessel, a solution of amino and/or organic acids from a feed
in a mxture of a solvent and an anti-solvent passes through

a zone capable of selectively renoving solvent and/or adding

anti-sol vent from an external source to the mixture. A
m xture depleted in solvent and enriched in anti-solvent is
obt ai ned, consequently increasing the concentration of the

amno and/or organic acids in the new solvent/anti-solvent
m xture, allowing solid particles of the amino and/or organic
acids to precipitate from the solvent/anti-solvent nm xture
in the precipitation vessel at a precipitation tenperature.
In other words, a crystallization procedure. A process very

different from the one described in this docunent.
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Finally, the patent US5245078A (Mpeda and Nakazawa 1993)
descri bes a non-continuous chr omat ogr aphi ¢ process for
separating tartaric acid, citric acid, lactic acid, gluconic
acid and GCO acid from an organic acid-containing solution.

The solution is obtained by a fernmentation nethod in which

glucose is used as starting material, which conprises:
contacti ng said organic acid-containing solution wth a
cation exchange resin of a divinylbenzene cross-1linked

pol ystyrene sulfonic acid type, to have the organic acid or
acids adsorbed on the cation exchange resin;

contacting the cation exchange resin with a dilute aqueous
sulfuric acid eluent solution, to have the organic acid or
aci ds desorbed and then;

separating from the eluate a solution containing the organic
acid or acids, wherein said organic acid-containing solution
is contacted to a second cation exchange resin under such a
condition that the pH or the organic acid-containing solution

is mintained at a pH level lower than pKa.

This is a discontinuous process and different from the one

described in this docunent.

The sinmulated noving bed (SwB) chr omat ogr aphy has been
appl i ed to a variety of industrial processes, as an

alternative to discontinuous processes.

Oiginally, the SMB was developed for the petroleum refining
and petrochem cals i ndustri es, generati ng the so-called
SORBEX process ( BROUGHTON,; CGERHOLD, 1961) . Alternative
processes using the SMB technology for the production of p-
xyl ene (PAREX) , for the separation of n-paraffins from

branched and cyclic hydrocarbons (MOLEX) , for the separation
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of olefins from paraffins and for the separation of fructose

from glucose (SAREX) were developed |ater on.

The purification of amno acids, as phenylalanine from a
fernmentation br ot h ( MCCULLOCH; GOODIVAN, 1991) and the
devel opment of large-scale hydrocarbon and carbohydrate

separations, started a new approach where the SMB technol ogy

has found applications in biotechnol ogy, phar maceuti cal s,

and fine chem stry areas.

Conventi onal |y, an SMB has two inlet streams (Figure 1),
eluent (Figure 1 - 5) and feed (Figure 1 - 6), and two outlet
streans, extract (Figure 1 - 7) and raffinate (Figure 1 -
8). These streans divide the unit into four sections or
zones, each of which is responsible for a different function.
In Section 1 (Figure 1 - 1) the nore-retained conpound nust
nove with the liquid to be collected in the extract port in
order to regenerate the solid while in Section 4 (Figure 1
- 4) the less-retained conmpound nust nove with the solid to
be collected in the raffinate in order to regenerate the
liquid. In Sections 2 (Figure 1 - 2) and 3 (Figure 1 - 3)
the nore-retained conpound nust nove with the solid to be
collected in the extract port and the |ess-retained one nust
nove with the liquid in the direction of the raffinate

col lecting point.

From Figure 1, it is possible to see that in Section 1 both
species must nove upward, in Sections 2 and 3 the |ess-
retai ned conpound nust nove upward, while the nore-retained
conponent nust nove downward, and finally in Section 4 the
net flux of both species has to go dowward. |In the usual
operating node of an SMB, the inlet and outlet streams nove

forward to the next colum in the direction of the fluid
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flow at regular tine intervals, called the switching tinme,
t*, and this is how the novenent of the solid is sinulated.
One cycle is conpleted when the initial | ocation of
inj ection/collection of all the streans is obtained. It can
be concluded that, during one cycle, the sanme colum assunes
different roles in the separation process depending on the

section it is located in.

The patent US6875349B2 (HEI KKILA et al ., 2005) first
described a sinulated moving bed process conprising the
separation of organic acids, anbng other conpounds. The
docunment describes a nethod for fractionating a solution in
two or nore fractions enriched with different conmponents, by
SMB. In that tine, the method was different from the prior
art SMB nethods wherein only one profile noved through the
| oop of chromatographic system In the new nethod described,

two or nore profiles of dissolved material (dry solids
profiles) were noving in the entire resin bed (all colunmms
of the loop) . But, in this process the feedstock selected is
from different groups as in the present application (e.g.

consisting of nolasses, vinasse, sulphite cooking 1iquid,

fruct ose/ gl ucose syrups, beet-derived |uices, sugar beet
nmol asses, xylitol run-of f, invert sugar mxtures, starch
hydr ol ysat es, wood  hydrol ysates, mlk whey sol uti ons,

| act ose- cont ai ni ng sol uti ons, solutions containing amno

acids, fernmentation broths containing organic acids, bagasse

hydr ol ysat es, i nosi tol - cont ai ni ng sol uti ons, manni t ol -
cont ai ni ng sol uti ons, sorbitol -containing sol uti ons,
xylitol-containing sol uti ons, erythritol -containing

solutions, glutamc acid-containing solutions, and glycerol-

contai ning solutions)
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Lat er, (PAANANEN et al ., 2012) disclosed the invention of
EP2316551B1, which relates to a system and a process for
fractionating a solution into tw or nore fractions.

Al though, the products to be recovered can include one or

nmore of the follow ng: glucose, fructose, sucrose, betaine,

r harmose, arabi nose, mannose, raffiose, |actose, | actul ose,
mal t ose, mal ti ol , i nositol, manni t ol , gl ycerol, xylitol,
xyl ose, sorbitol, erythritol, ri bose, 6-0O-ci-D
gl ucopyr anosi do- D- Sor bi t ol (1, 6-GPS) and 1-Oci-D
gl ucopyr anosi do- D- Manni t ol (1,1-GPM, organic acids or am no
acids, such as glutamc acid, the docunment I|imts them to
the following original solutions: sulphite cooking |I|iquors,

nmol asses, especially B-Mlasses and/or C Mlasses, Vinhasse,
fructose and/or glucose syrups, beet-derived juices, invert

sugar mxtures, starch hydrolysates, wood hydrolysates, mlk

whey  solutions and ot her | act ose- cont ai ni ng sol uti ons,
| act ul ose- cont ai ni ng sol uti ons, mal t ose- cont ai ni ng
sol uti ons, mal titol -containing sol uti ons or sol uti ons

containing amno acids. This process is different from our
process which is focused on the recovery of organic acids

from a solution of glycerol derivatives.

The patent docunent FR2900654A1 (THEOLEYRE; BAUDOQUIN, 2007)
provi des a process for separating an organic acid by passing
this solution through a chromatographic bed filled with an
anionic resin. The nethod is also characterized in that the
organic acid is the citric acid and the aqueous solution is
a culture broth obtained by fernmentation generating said

organi ¢ aci d.

In the work EP2212004B1 (LANG SIMPKINS, 2015), a process to
produce bioactive compounds is described, in which a

plurality of these substances contacts wth a polyner
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adsor bent . The polyner adsorbent has a selective affinity
for at least one of the bioactive conpounds present in the
m xture. The docunent still suggests gravity fed columms and

flash chronmat ography colums as suitable arrangenents or
novi ng bed chronat ography appar at us. However, it also
describes that the polyner adsorbent may be non-ionic, such
as the suitable Alinmentech P495 | nert Adsorbent Pol yner

supplied by Bucher Foodtech.

The docunent US8951416B2 (SARMALA et al ., 2015) is based on
the use of a conbination of strong acid cation exchange

resins (SAC) and weak acid cation exchange resins (WAC) in
a specific or der and in specified proportions in a
chr omat ogr aphi ¢ SMB separation system Specifically,

US8951416B2 relates to a nethod of separating betaine and at

| east one ot her component from a sugar beet based
fernentation sol uti on, in which the other conpound to be
separated can be glycerol, an organic acid or inositol.
Finally, the US20130345473Al1 pat ent (ARCHER et al., 2013)

di sclosures a process for the separation of at |east one di-
carboxylic acid conpound from a mxture conprising at |east
one nono-carboxylic acid conmpound and at |east one di-
carboxylic acid conpound by a chromatography process.

Al t hough the above-nentioned docunment describes that ion-
exchange chromat ogr aphy is carried out using sinulated
nmoving bed (SMB) chromatography, it also restrict that the
i on exchange chronat ographic medium is an anion exchange
chosen anpbng specific comerci al exanples and the feed

m xture is specific derived from the oxidation of glucose.

There is still a need for the developnment of a separation

process t hat is able to efficiently purify gl ycerol
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derivatives obtained from the catalytic chemical conversion
of glycerol, such as dihydroxyacetone, hydr oxypyruvic acid,
glycolic acid, oxalic acid, nesoxalic acid (MEO , tartronic
acid, glyceric acid, glyceraldehyde or glyoxalic acid , for
i nstance, generating less chenicals waste, producing high

purity compounds and providing high productivities.

Summary

In one enbodinent the sinmulated noving bed chromatography
nmethod for separating a glycerol derivative from a feed
solution conprising said glycerol derivative and one or nore
other glycerol derivatives, or inpurities, conprises:

(a) sel ecting a sinmulated novi ng bed chromat ographic
apparatus conprising at l|east two chromatographic col ums
i nt er connect ed in series; wherein said colums contain a
separation nedia or a nmixture of a variety of separation
nedi a, conpri si ng ion exchange nmat eri al s; sequentially
comprising first a desorbent port, an extract port, a feed
port and a raffinate port; and sinmultaneously,

(by contacting, through said feed port, said feed solution
wWith the separation nedia equilibrated with an acid or basic
solution or water-organics mxture or water;

(c) contacting, through said desorbent port, an acid or basic
eluent with said separation material, wherein the eluent may
also be a water-organics mixture or water; and

(d) Wi thdraw ng, through said raffinate or extract port, a
raffinate or extract stream respectively, conprising the
fluid nobile phase and rminly one of said glycerol
derivatives, and a lower percentage of said other glycerol
derivati ves, and/ or unreacted gl ycerol, and/ or i mpurity

present in said feed solution.



WO 2019/138338 PCT/IB2019/050161

14
In one enbodinent, the sinmulated nobving bed chromatographic
appar at us may further conprise additional raffinate or

extract streans allowing to perform ternary, pseudo-ternary
or higher or der separati ons; Wi t hdr awi ng, through said
outlet ports, a raffinate or extract stream conprising the

fluid nobile phase, an acid solution or basic solution or

wat er - or gani cs mxture or water itself and mainly one of
said glycerol derivati ve, and a lower percentage of said
other glycerol derivative or any inpurity present in said

feed sol ution.

In anot her enbodi nent , t he si mul at ed novi ng bed
chr omat ogr aphi c appar at us may also conprise a second
desorbent port to perform solvent gradients inside the unit;
cont acti ng, through said second desorbent port, an acid
solution or basic solution or water-organics mxture or water

itself with said separation mterial.

In one enbodinment, said glycerol derivative is selected from
di hydr oxyacet one (DHA) , hydroxypyruvic acid (HPA) , glycolic
aci d (Gco , oxalic aci d (oxA) , nesoxalic aci d (MEO
tartronic acid (TTA) , glyceric acid (GcA) , glyceral dehyde
(&A) , glyoxalic acid (GX) , unreacted gl ycerol or any

gl ycerol derivatives.

In another enbodi nent, the feed solution is product of a

chenmical conversion of glycerol by a range of process such

as selective oxidation, sel ective hydrogenolysis , catalyst
dehydrati on, pyrol ysi s, gasi ficati on, selective glycerol
transesterification and esterification, sel ective

etherification and carboxylation
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In one enbodi nent the pH of said feed solution is between 1
and 13 by the addition of an acid or a basic species. In a
preferred enbodi nent the pH of said feed solution is between
1 and 7 by the addition of an acid or a basic species. In a
nore preferential enbodinment the pH of said feed solution is

between 1 and 5 by the addition of an acid or a basic species.

In one enbodinment the feed solution is pretreated by any
process suitable to obtain a solution of tw or nore glycero
derivatives wth or wthout unreacted glycerol without
impurities from the process of chemcal conversion of
gl ycerol i ncl udi ng, but not Jlimted to, ion exchange

distillation, centrifugation and filtration

In one enbodinent the chromatographic material is a cation
or anion exchange chromatographic material, wherein said
cation exchange chromatographic material is selected from

al um na, magnesium silicates, silica, glass, controlled pore
gl ass, carbon, porous graphitic carbon, zirconium phosphate,

hydroxyapatite, calcium phosphate, magnesium carbonate, and
pol ymers or resins. In a particular enbodiment said polyners
or resins for the cation exchange chromat ography are sel ected
from hydr oxyal kyl net hacr ol at e, pol yacryl am ne,

pol ymacr ol at e, poly (hydroxyethyl macrolate ), polystyrene,

styrene-di vi nyl benzi ne pol ymer s, pol y
(et hyl enegl ycol di net hacrolate ), poly (vinylalcohol ), Poly
(vinylacetate) , and poly (vinyl pyridine)

In another enbodinment the cation exchange chromatographic
mat eri al wi t hin each  of chr omat ogr aphi c col ums is

equilibrated with an aqueous acid solution.



WO 2019/138338 PCT/IB2019/050161

16
In one enbodiment the anion exchange chr omat ogr aphi c
mat eri al i's sel ect ed from polyners, resins, silica,

zirconia, carbon and alumina, wherein said polynmers or resins
for the anion exchange chronmatography are selected from
sul fonic aci d, al kyl sul fonic aci d, phenyl sul f oni c aci d,
al kyl phenyl sul foni c aci d, and salts t her eof ,
poly (vinylalcohol ), poly (nmethacrylates ), hypercross-linked
pol ystyrene and poly (ethyl ene oxi de) and styrene or

et hyl vi nyl benzene polymers or copolynmers cross-linked wth

di vi nyl benzene (e.qg., et hyl vi nyl benzene-di vi nyl benzene
(EVB-DVB) and styrene or polystyrene-divinyl benzene (DVB or
PS- DVB) copol yrer) of acrylonitrile, acrylic aci d, or

nmethacrylic acid, trinmethylanmine (TMA), trihexylanmne (THA ,
di et hyl enetri ami ne, di et hyl enetri ami ne, unsymmetri cal
di et hyl hydr azi ne (UDWVH) di et hyl et hanol ami ne (DVEA)
net hyl am ne (My , dinethyl anine (DMB) , et hyl di et hanol ani ne

(MDEA) or triethanol anm ne (TEA)

In one enbodinent the said anion exchange chromatographic
mat eri al W t hin each of chr omat ogr aphi c col ums is

equilibrated wth an aqueous basic solution.

In one enbodinment the eluent is an acid or basic solution or

wat er

The simulated noving bed chronatography may be practiced
with any sinmulated noving bed chromatographic appar at us,
including but not limted to noving port and noving colum

systens .
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Detailed Description

A new and innovative nethod for purification of glycerol
derivatives obtained from glycerol, by simlated noving bed

chr omat ography has been di scover ed.

The present patent application describes a simulated noving
bed chromat ographic method for separating a glycerol
derivative, from a mxture feed solution, containing the
gl ycerol derivative and at |east another compound, such as
other organic conmpound and/or other glycerol derivatives
and/or unreacted glycerol and/or inpurities, conprising:

(a) selecting a simulated noving bed chromatographic
apparatus conprising at least two chromatographic colums
interconnected in series; wherein said colums contain a
separation nedia or a mxture of a variety of separation
medi a, conprising ion exchange nmaterials; sequential ly
conprising first a desorbent port, an extract port, a feed
port and a raffinate port; and simultaneously,

(b) contacting, through said feed port, said feed solution
with the separation nedia equilibrated with an acid or basic
solution or water-organics mxture or water;

(c) contacting, through said desorbent port, an acid or basic
eluent with said separation material, wherein the eluent may
also be a water-organics mxture or water; and

(d) withdrawing, through said raffinate or extract port, a
raffinate or extract stream respectively, conprising the
fluid nmobile phase and minly one of said glycerol
derivatives, and a |lower percentage of said other glycerol
derivatives, and/or unreacted glycerol, and/or inpurity

present in said feed solution.
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The feed solution may be the stream containing glycerol (or
the so called crude glycerol) from biodiesel production,

which can be from nultiple feedstocks or a solution of
refined glycerol 1in any concentration, wherein the feed

solution may also contain inpurities.

The chromatographic material may be silicas, functionalized
silicas, alumnas, carbons, zeolites functionalized and non-
functionalized polystyrene, pol yacryl am de, cross-|inked
pol ystyrenes, polyacrylates or other resins and the aqueous

el uent may be water or an acid or basic solution.

Separati on Processes

The present patent application relates to a sinulated noving
bed chromat ography nethod for separating one or nore glycerol
derivatives from a feed solution of chemcally conversion
processes of glycerol into said glycerol derivatives,
conprising :

(a) selecting a simulated noving bed chronatographic
apparatus conprising at least two chromatographic colums
interconnected in series; wherein Said colums contain a
separation nmedia or a mxture of a variety of separation
medi a, conmprising ion exchange materials; sequential ly
conmprising first a desorbent port, an extract port, a feed
port and a raffinate port; and sinultaneously,

(b) contacting, through said feed port, said feed solution
with the separation nedia equilibrated with an acid or basic
solution or water-organics mxture or water;

(c) contacting, through said desorbent port, an acid or basic
eluent wth said separation material, wherein the eluent may
also be a water-organics mxture or water; and

(d) wWithdrawing, through said raffinate or extract port, a

raffinate or extract stream respectively, conprising the
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fluid nobile phase and mainly one of said glycerol
derivatives, and a |ower percentage of said other glycerol
derivatives, and/ or unreacted glycerol, and/or inpurity
present in said feed solution.

The sinmulated noving bed chromatographic apparatus may
further conprise additional raffinate or extract streans
allowng to perform ternary, pseudo-ternary or higher order
separati ons; wi t hdr awi ng, through said outlet ports, a
raffinate or extract stream conprising the fluid nobile
phase, an acid solution or basic solution or water-organics
m xture or water itself and mainly one of said glycerol
derivative, and a |ower percentage of said other glycerol
derivative or any inpurity present in said feed solution. It
may al so conprise a second desorbent port to perform sol vent
gradients inside the unit; contacting, through said second
desorbent port, an acid solution or basic solution or water-
organics mxture or water itself wth said separation

mat eri al

Also, although the previously description refers to feed
m xtures containing various glycerol derivatives, as nono-
carboxylic acids or dicarboxylic acids, it includes the salt
form of these acids, such as sodium potassium calcium and
magnesium salts (e.g., tartronate, gl ycerat e, oxal at e,

gl ycol ate, dihydroxyacetonate) , or ketones or aldehydes or

esters or ethers, anong others.

Prior to contacting at (b) , the pH of said feed solution may
be adjusted to a pH between 1 and 13, which may be between
1 and 7 or between 1 and 5, by the addition of an acid or a
basic material. The pH of the feed solution may be adjusted
by the addition of any conpound suitable to the production

of an edible product. Suitable acid conpounds include, but
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are not |imted to, hydrochloric acid, sulfuric acid and
phosphoric acid. Preferable is sulfuric acid. Suitable basic
conmpounds include, but are not limted to, sodium hydroxide,

pot assi um hydroxi de, ammoni um hydroxi de and anmoni a.

Separati on Medi a

The second aspect of the present patent application is
directed to a chromatographic separation process for
separating a glycerol derivative, from a mxture containing
the glycerol derivative, and one or nore other conponent,

which may be another glycerol derivatives and/or unreacted
glycerol and/or inpurities wherein the eluent can be an acid
solution or basic solution or water-organics mxture or water
itself and the stationary phase can be a chromatographic

mat eri al

As stated above, the eluent may be an acid solution or basic
solution or water-organics mxture or water itself . Any of
these solutions nust be prepared in order to have a pH
between 1 and 13, ideally between 1 to 7 or between 1 and 3.
A chromatographic separation process that wuses slightly
acidified water as eluent is advantageous because it reduces
the environnment inpacts and because additional equipnment for
separation of the glycerol derivative from the eluent may

not be required.

The said colum or colums may contain a cation exchange
chr omat ogr aphi c mat eri al conprising a functional group
sel ected from the group consi sting of sul f onat es,
al kyl sul f onat es, phenyl sul f onat es, al kyl phenyl sul f onat es
and m xtures thereof.

a. The cation exchange chromatographic material may

be a strong cation exchange resin. The strong cation
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exchange chromat ographic mat eri al may conprise a
sul fonate .
b. The cation exchange chromatography material of the

present patent application preferably conprises one or
nor e chr omat ogr aphi c support material s (i.e.,

stationary phases) .

C. Sui tabl e chromatographic support materials for the
cation exchange chromatography include, but are not
limted to, al um na, magnesi um  silicates, silica,

glass, controlled pore glass, carbon, porous graphitic
carbon, zirconium phosphate, hydroxyl apatite, cal ci um

phosphate, magnesium carbonate, and polyners or resins.

d. Suitable polyners or resins for the cation
exchange chromatography include, but are not Ilimted
to, hydr oxyal kyl met hacr ol at e, pol yacryl am ne,

pol ymacr ol at e, pol y (hydroxyet hyl macrol ate ),
pol yst yrene, styrene-di vi nyl benzi ne pol yners, pol y

(et hyl enegl ycol di net hacrolate ), poly (vi nyl al cohol ),
Pol y (vinyl acetate) , and pol y (vinyl pyridine ).
Preferable are polymers or resins. Mre preferable are

styrene-divinyl benzine pol yners.

e. The cation exchange chromatographic material of
the present patent application further conprises a
plurality of [|igands, selected from one or nore
functional groups suitable for ion exchange. These
functional groups include but are not Ilimted to
sul fonic acid, alkylsulfonic acid, phenylsulfonic acid,

al kyl phenyl sul fonic acid, and salts thereof. Preferred



WO 2019/138338 PCT/IB2019/050161
22

are sulfonic acid functional groups and the salts
t her eof
f. Specific exanples of cation exchange silica-based

chr omat ogr aphi c materials include ADSORBOSPHERE  SCX,
BAKERBOND SCX, PARTI SI L SCX, SPHERI SORB S SCX
SUPELCOSI L LG 3SCX, ULTRASILCX, and ZORBAX 300 SCX.

g. Specific exanples of cation exchange polyners or
resins t hat my be used i ncl ude: AMBERLI TE 200,
AMBERLI TE | R-118H AMBERLI TE | R-120PLUS, AMBERLITE |IR-
122, AMBERLITE | R-130C, AMBERLITE 16641, AMBERLITE | RP-
69, DOWNEX 50X1-100, DOANEX 50X2-100, DONEX 50X2- 200,
DONEX 50X2-400, DOWNEX 50X4-100, DONEX 50X4-200, DONEX
50X4- 200R, DONEX 50X4-400, DOANEX 18880, DOWEX 50X8- 100,
DOAEX 50X8-200, DOWNEX 50X8-400, DI AION 1-3561, DIAION
1-3565, DIAION 1-3570, DIAION 1-3573, DIAION 1-3577,
DI AION 1-3581, DUOLITE D 5427, and DUOLI TE D 5552, which
are available from Sigma-Aldrich, St. Louis Mssouri,
US A; D AION  HPK25, DI AION  PK208, DI AION  PK228,
DI AION SKi1B, DI AION SKi1BS, DI AION SK104, DI A ON SKi112,
DIAION SKI 16, DONEX HCR-S, DONEX HCR-W2 , DONEX MSC-1,
DONEX 650C, DOWEX G 26, DONEX 88, DONEX MONOSPHERE 88,
DOAEX MONOSPHERE — 99K/ 320, DOAEX MONOCSPHERE — 99K/ 350,
DOAEX MONCSPHERE 99Ca/ 320, DOAEX MONCSPHERE  99Ca/ 350,
DONEX Marathon c, DONEX -032, DONEX -406, DOWNEX -437,
DUOLI TE C-280, and DUOLITE C-291, which are avail able
from Supel co, Inc., Bellefonte, Pennsyl vani a, US A ;
AMBERLI TE | R-120, AMBERLITE |R-120B, AMBERLI TE | R-200C,
AMBERLI TE CG 6000, DIAION SK-1B, DONEX XUS 40406. 00,
DONEX XUS 43518, and DOWEX C500ES. Pr ef er abl e are
AMBERLI TE | R-120, AMBERLITE |R-120B, AMBERLI TE | R-200C,
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DOVNEX C500ES, DONEX XUS 43518, and DOWEX XUS 40406. 00.
Most preferable s DOMNEX XUS 40406. 00.

h. The said cation exchange chromatographic naterial
Wi t hin each of chr omat ogr aphi ¢ col ums nmay be
equi li brated (condi ti oned) W th an aqueous acid
solution .

The anion exchange chromatography nmateri al of the present

pat ent application preferably conpri ses one or nor e

chromat ographic support materials (i.e., stationary phases)
i Sui tabl e chromatographic support materials for the
anion exchange chromatography i ncl ude, but are not
limted to, polyners, resins, silica, zirconia, carbon

and al um na.

j . Suitable polynmers or resins for the anion exchange
chr omat ogr aphy i ncl ude, but are not limted to:
poly (vinylalcohol ), poly (nmethacrylates ), hypercross-
linked polystyrene and poly (ethylene oxide) and styrene
or ethylvinyl benzene pol yners or copolyners Cross-
linked wth divinylbenzene (e.g., ethylvinyl benzene-
di vi nyl benzene (EVB-DVB) and styrene or polystyrene-
di vi nyl benzene (DvB or PS- DVB) copol yrer) of
acrylonitrile, acrylic acid, or nethacrylic acid. For
exanpl e: acryl ate-di vi nyl benzene (DVB) copol ymer,
net hyl acryl ate-di vi nyl benzene (DVB) copol ymer,
pol yacrylonitrile pol yner, pol yacryl at e pol yner, or

pol ynet hacryl ate  pol yner.

k. The anion exchange chromatographic material of the
pr esent pat ent application further conpri ses a

plurality of ligands, sel ect ed from one or nore
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functional groups suitable for ion exchange. These
functional groups are obtained through an amnation

procedure during the anion exchange chronatographic

production process. These anination process can use,
but are not limted to, tri nmet hyl am ne (T™h)
tri hexyl am ne (THA) di et hyl enetri ani ne,
di et hyl enetri ani ne, unsynmetri cal di et hyl hydr azi ne

(UDVH) , di net hyl et hanol ami ne (DVEA) , net hyl ami ne (m
di net hyl am ne (Dvp) , net hyl di et hanol am ne ( MDEA) or

tri et hanol am ne (TEA)

1. Specific exanpl es of ani on exchange
chromat ographic materials include, but are not linmted
to, PRP-X100/"Ham |ton", USA; PRP-X110/"Ham | ton", USA;
LCA01/ " Sykant', Cer many; CGel pack A-1CGA23/"Hi tachi ",
Japan; | CSep AN/"Transgenom c", USA; | CSep  ANL-
SC/ " Transgenom c", USA; | CSep  AN300/ " Transgenomi c",
USA; | CSep AN300B/ " Tr ansgenoni c", USA; St ar I on
A300/ " Phenonenex", USA; Metrosep A Supp |/"Metrohnt,
Swi t zer | and; Met r osep A Supp 1 HS/ " Met r ohnd',

Swi t zer | and; Metrosep A Supp 3/"Metrohni, Swi t zer | and;
Metrosep A Supp 10/"Metrohni, Swi t zer | and; Metrosep A
Supp 15/ " Met r ohni', Swi t zer | and; Met r osep A Supp
16/ " Met rohnt', Swi t zer | and; | onPac AS14; | onPac AS14A;

| onPac AS15; |onPac AS4A- SC, | onPac AS9- SC; | onPac AS9-
HC; | onPac AS12A; |l onPac AS10; | onPac ASH, | onPac
AS11- HC, | onPac AS16; | onPac AS17; | onPac AS18; | onPac
AS22; | onPac AS23; | onPac AS19; | onPac AS20; | onPac
AS21; lonPac AS24; |onPac AS25; | onPac AS26

m. The said anion exchange chronmatographic mat eri al

Wi thin each of chr omat ogr aphi c col ums nmay be
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equi li brated (condi ti oned) W th an aqueous basi c

sol uti on

Anot her aspect of the present patent application, separation
processes disclosed herein can also include a selective
menbrane  separation (e.g., nano-filtration nmenbr anes) in
combination wth the chromatographic separation processes
described herein. The selective nenbrane separation can be
performed wupstream and/or downstream of a chromatographic
separati on. For exanpl e, sel ective nmenbr ane separation
techni ques such as nano-filtration (NF) nmenbrane separation
can be used to reduce the ampunt of inpurities contained in
a mxture (e.g., anxture obtained from an oxidation process
for preparing the glycerol derivative from glycerol) prior

feeding the mxture to a chromatographic separation.

A ycerol derivatives

The feed solution may be from a chem cal conversion of

glycerol by a range of process such as selective oxidation,

sel ective hydrogenolysis , catalyst dehydration, pyrol ysi s,
gasification, selective glycerol transesterification and
esterification, selective etherification and carboxyl ation

In one enbodinent the feed solution is pretreated by any

process suitable to obtain a solution of two or nore glycerol

derivatives with or wthout unr eact ed gl ycer ol Wi t hout
inpurities from the process of chem cal conver si on of
gl ycer ol i ncl udi ng, but not limted to, i on exchange,

distillation, centrifugation and filtration.

The gl ycerol derivatives may be di hydroxyacetone (DHA)

hydroxypyruvic acid (HPA) , glycolic acid (GcO , oxalic acid
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(OxA) , nmesoxalic acid (MEO , tartronic acid (TTA) , glyceric

acid (aca) , glyceral dehyde (&A) or glyoxalic acid (G

The nethod disclosed herein may be practiced wth any
simulated noving bed chromatographic appar at us, i ncl udi ng

but not limted to noving port and noving columm systens.

The nethod of the present patent application is described in

further detail in the following nonlimting exanple:

Exanpl e 1

This exanple describes the purification of a binary mxture
containing dyceric Acid and Tartronic Acid produced from
the catalytic oxidation of glycerol. A solution of Sulfuric
Acid 4nmM was used as eluent and a Pol ystyrene Divinyl benzene
(PS/DVB) resin (Dowex® 50WK-2), in hydrogen form (2%, nesh
of 200-400, from The Dow Chenical Conpany (United States)

was used as separation nedia.

The SMB experinment was performed in a SMB unit containing 6
stainless steel colums of 100nm of height and 20mm of

di aneter packed with the acid resin Dowex® 50WK-2.

Internal concentrations profiles sanples were collected at
25% 50% 75% of a switch tinme, through a 6-port valve
installed between two colums. As the valve was fixed and as
in the SMB technology there is a continuous cyclic switch of
the position of all colums relatively to the inlet and
out | et st reans, this sanpl es provi ded t he required

information to determine the internal concentration profile.

A mxture of dyceric Acid (IQyg/L) and Tartronic Acid (5g/L)

was separated using a sulfuric acid solution (4mV¥) as eluent.
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The flow rates were: 6.93nL/mn for the eluent stream
1.16nL./mn for the feed stream 4.81nL/mn for the raffinate
stream 3.5nL/mn for the extract stream and 8.4nL/mn for
the recycling stream The switching time was set at 2 mn.
Additionally, one colum per section was used in sections 1
and 4 (of fig. 1) (located between the desorbent and extract
streans and between the raffinate and recycling streans,
respectively) and two colums per section were wused in
sections 2 and 3 (located between the extract and feed
streans and bet ween the feed and raffinate streans,
respectively) (see FIG 1). The internal concentration
profile at the mddle of the switching time after the cyclic

steady state being achieved is shown in the FIG 2.

This is the first industrial production nethod for dyceric

Acid and Tartronic Acid.

The main performance paraneters are presented on the table
1A.
TABLE 1A

Mai n Perfornmance Paraneters

Productivity of Extract (kg m 3, day 1) 115
Productivity of Raffinate (kg m 3, day 1) 79
DC (m3desorbent kg~ product) 0.5
Purity of Extract (% 100
Purity of Raffinate (% 80
Recovery of Extract (% 96. 68
Recovery of Raffinate (% 97.33
Exanpl e 2

This exanple describes the purification of a pseudo-binary

m xture, through which two fractions of glycerol derivatives
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(A and B plus c) can be purified. In this case, the separation
of fraction A (Oxalic Acid) from fraction B (dyceric Acid
and Unreacted glycerol) plus C (Tartronic Acid) . A solution
of Sulfuric Acid 4mM was used as eluent and a Polystyrene
Di vi nyl benzene (PS/DVB) resin (Dowex® 50WK-2), in hydrogen
form (2%, nesh of 200-400, from The Dow Chemi cal Conpany

(United States) was used as separation nedia.

The SMB separation was carried out in a SMB unit containing
6 stainless steel colums of 100mm of height and 20mm of

di aneter packed with the acid resin Dowex® 50WK-2.

Internal concentrations profiles sanples were collected at
25% 50% 75% of a switch tinme, through a 6-port valve
installed between two colums. As the valve was fixed and as
in the SMB technology there is a continuous cyclic switch of
the position of all colums relatively to the inlet and
out | et strearns, this sanpl es provi ded t he required

information to determne the internal concentration profile.

A mxture of Oxalic Acid (16.5g/L), Tartronic Acid (7.2g/L) ,
Gyceric Acid (0.6g/L), and unreacted dycerol (0.6g/L) was
separated. The flow rates were: 8.37nL/mn for the eluent
stream 1.24nlL/mn for the feed stream 2.78nL/mn for the
raffinate stream 6.83nL/mn for the extract stream and
9.07mL/mn for the recycling stream The switching tine was
set at 2.02 nmn. Additionally, one columm per section was
used in sections 1 and 4 (of fig. 1) (located between the
desorbent and extract streans and between the raffinate and
recycling streans, respectively) and tw colums per section
were used in sections 2 and 3 (of fig. 1) (located between
the extract and feed streans and between the feed and

raffinate streans, respectively) . The internal concentration
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profile at the mddle of the switching tine after the cyclic
steady state being achieved is shown in the FIG 3. The main

performance paraneters are presented on the table 2A

TABLE 2A

Mai n Performance Paraneters

Productivity of Extract (kg m 3, day 1) 110.25
Productivity of Raffinate (kg m 3, day 1) 215.36
DC (m3desorbent kg~ product) 0.31
Purity of Extract (% 97.94
Purity of Raffinate (% 99.94
Recovery of Extract (% 99.39
Recovery of Raffinate (% 99.83
Exanpl e 3
This exanple describes the purification of a pseudo-ternary
m xt ure, t hr ough whi ch t hree fractions of gl ycerol
derivatives (A B and c) can be purified. |In this case, the

separation of fraction A (Oxalic Acid) from fraction B
(Gyeric Acid and Unreacted glycerol) and fraction C
(Tartronic acid) was first perforned follow ng the procedure
described in exanple 2. Then, another SMB unit i nterconnected
in series wth the latter proceeded wth the final
purification between fraction B (dyeric Acid and Unreacted

glycerol) and fraction C (Tartronic acid)

A solution of Sulfuric Acid 4Mn was used as eluent and a
Pol ystyrene Divinyl benzene (PS/DVB)resin (Dowex® 50WK-2), in
hydrogen form (2%, nesh of 200-400, from The Dow Chem cal

Conpany (United States) was used as separation nedia.
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The SMB separation was carried out in a SMB unit containing
6 stainless steel colums of 100mm of height and 20mm of

di aneter packed with the acid resin Dowex® 50WK-2.

Internal concentrations profiles sanples were collected at
25% 50% 75% of a switch time, through a 6-port valve
installed between two colums. As the valve was fixed and as
in the SMB technology there is a continuous cyclic switch of
the position of all colums relatively to the inlet and
out | et st reans, this sanpl es provi ded t he required

information to determne the internal concentration profile.

A  mxture of Tartronic Acid (7.83g/L) , G yceric Acid
(0.65g/L) and unreacted dycerol (0.65g/L) was separated in
the second SMB unit. The flow rates were: 5.02nL/mn for the
eluent stream 1.21nl/mn for the feed stream 2.69nL/ mn
for the raffinate, 3.55nL/mn for the extract stream and
9.07nL/mn for the recycling stream The switching tine was
set at 2.00 mn. Additionally, one colum per section was
used in sections 1 and 4 (of fig.l) (located between the
desorbent and extract streans and between the raffinate and
recycling streans, respectively) and two columms per section
were used in sections 2 and 3 (of fig. 1) (located between
the extract and feed streanms and between the feed and
raffinate streans, respectively) . The internal concentration
profile at the mddle of the switching tine after the cyclic
steady state be achieved is shown in the FIG 4. The main

performance paraneters are presented on the table 3A

TABLE 3A

Mai n Perfornmance Paraneters

Productivity of Extract (kg ms.ss day-1) 17.17
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Productivity of Raffinate (kg m3,,, day3) 105. 72
DC (nddesorbent Kg product ) 0.68
Purity of Extract (% 97. 27
Purity of Raffinate (% 99.61
Recovery of Extract (% 97. 22
Recovery of Raffinate (% 99. 37

Brief description of drawings

For easier wunderstanding of this application, figures are
attached in the annex that represent the preferred fornms of
i mpl enentation which nevertheless are not intended to limt

the technique disclosed herein.

FIG 1 is a schematic diagram of the process of sinulated
novi ng bed chromatography as used for the separation of two
wat er - sol ubl e components, A and B. Section 1 is the zone of
potential water recovery, conponent B conceptually noves
with the resin. Section 2 is a zone in which conmponent B
noves with the water in an aqueous fluid, and conmponent A
conceptually noves with the resin. Section 3 is a zone in
whi ch conponent B noves with the water in an aqueous fluid,
and conponent A conceptually noves with the resin. Section
4 is a section in which purified conponent A noves with the

water in an aqueous fluid.

FIG 2 show the internal concentration profile at the mddle
of the switching tine after the cyclic steady state be
achi eved. Dashed lines for GCA and solid lines for TTA. The
hori zontal coordinate shows the axial position of the colums
within the SMB equipnent and the vertical coordinate shows

the concentration (g/L)
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FIG 3 show the internal concentration profile at the mddle
of the switching tine after the cyclic steady state be
achi eved. Dashed lines for fraction A and solid lines for
fraction B plus fraction C. The horizontal coordinate shows
the axial position of the colums wthin the SMB equi pnent

and the vertical coordinate shows the concentration (g/L)

FIG 4 show the internal concentration profile at the mddle
of the switching tine after the cyclic steady state be
achi eved. Dashed lines for fraction C and solid lines for
Fraction B. The horizontal coordinate shows the axial
position of the colums wthin the SMB equipnment and the

vertical coordinate shows the concentration (g/L)

Best mode for carrying out the invention

Now, preferred enbodinments of the present application wll
be described in detail. However, the enbodinents described
herein are not intended to I|imt the scope of this

application .

In one enbodinent the sinulated noving bed chronatography

method for separating a glycerol derivative from a feed
solution conprising said glycerol derivative and one or nore
ot her glycerol derivatives, or inmpurities, conprises:

(a) sel ecting a sinmulated noving bed chromatographic

apparatus conprising at least two chromatographic col umms
interconnected in series; wherein Said columms contain a
separation mnedia or a mxture of a variety of separation
medi a, conprising ion exchange nmaterials; sequential ly

conprising first a desorbent port, an extract port, a feed

port and a raffinate port; and simnultaneously,



WO 2019/138338 PCT/IB2019/050161
33

(by contacting, through said feed port, said feed solution
wWith the separation nedia equilibrated with an acid or basic
solution or water-organics mxture or water;

(c) contacting, through said desorbent port, an acid or basic
eluent with said separation material, wherein the eluent may
also be a water-organics mixture or water; and

(d) Wi thdraw ng, through said raffinate or extract port, a
raffinate or extract stream respectively, conprising the
fluid nobile phase and minly one of said glycerol
derivatives, and a lower percentage of said other glycerol
derivati ves, and/ or unr eact ed gl ycerol, and/ or i mpurity

present in said feed solution.

In one enbodinent, the simulated noving bed chromatographic
appar at us may further conprise additional raffinate or
extract streans allowing to perform ternary, pseudo-ternary
or higher or der separati ons; Wi t hdr awi ng, through said
outlet ports, a raffinate or extract stream conprising the

fluid nobile phase, an acid solution or basic solution or

wat er - organi cs mxture or water itself and mainly one of
said glycerol derivative, and a lower percentage of said
other glycerol derivative or any inpurity present in said

feed sol ution.

In anot her enbodi nent , t he si mul at ed novi ng bed
chr omat ogr aphi ¢ appar at us nmay al so conprise a second
desorbent port to perform solvent gradients inside the unit;
cont acti ng, through said second desorbent port, an acid
solution or basic solution or water-organics mxture or water
itself with said separation nmaterial.

In one enbodinent, said glycerol derivative is selected from
di hydr oxyacet one (DHA) , hydroxypyruvic acid (HPA) , glycolic

aci d (Gco , oxalic aci d (oxA) , nmesoxalic aci d (MEO
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tartronic acid (TTA) , glyceric acid (&A) , glyceral dehyde
(&A) , glyoxalic acid (GX , unreacted gl ycerol or any

gl ycerol derivatives.

In another enbodi nent, the feed solution is product of a

chenical conversion of glycerol by a range of process such

as selective oxidation, sel ective hydrogenolysis , catalyst
dehydrati on, pyrol ysi s, gasification, selective glycerol
transesterification and esterification, sel ecti ve

etherification and carboxyl ation

In one enbodinent the pH of said feed solution is between 1
and 13 by the addition of an acid or a basic species. In a
preferred enbodinment the pH of said feed solution is between
1 and 7 by the addition of an acid or a basic species. In a
nore preferential enbodi ment the pH of said feed solution is

between 1 and 5 by the addition of an acid or a basic species.

In one enbodi nent the feed solution is pretreated by any

process suitable to obtain a solution of two or nore glycerol

derivatives without i mpurities; wherein the pretreatnent
process is a process sel ect ed from ion exchange,
distillation, centrifugation and filtration.

In another enbodiment prior to step (b)), the feed solution
is pretreated by any process suitable to obtaining a solution
of two or nore glycerol derivatives wthout inpurities from
the process of chemical conversion of glycerol including,
but not limted to, centrifugation and filtration including

ultrafiltration.

In one enbodinent the chromatographic material is a cation

or anion exchange chromatographic mat eri al , wherein said
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cation exchange chromatographic mat eri al is selected from
al um na, nagnesium silicates, silica, glass, controlled pore
gl ass, carbon, porous graphitic carbon, zirconium phosphate,
hydr oxyapatite, cal cium phosphate, nmagnesium carbonate, and
polynmers or resins. In a particular enbodinment said polyners

or resins for the cation exchange chromatography are selected

from hydr oxyal kyl net hacr ol at e, pol yacryl am ne,
pol ymacr ol at e, poly (hydroxyethylmacrolate ), polystyrene,
st yrene-di vi nyl benzi ne pol yners, pol y

(et hyl enegl ycol di net hacrol ate ), poly (vinylalcohol ), Poly
(vinylacetate) , and poly (vinylpyridine )

In anot her enbodi ment the cation exchange chronatographic
mat eri al W t hin each of chr omat ogr aphi c col ums is

equilibrated wth an aqueous acid solution.

In one enbodiment the anion exchange chr omat ogr aphi c
mat eri al i's sel ect ed from polyners, resins, silica,
zirconia, carbon and alumina, wherein said polynmers or resins
for the anion exchange chromatography are selected from
sul fonic aci d, al kyl sul fonic aci d, phenyl sul f oni c aci d,
al kyl phenyl sul foni c aci d, and salts t her eof ,
poly (vinylalcohol ), poly (nethacrylates ), hypercross-linked
pol ystyrene and poly (ethyl ene oxi de) and styrene or

et hyl vi nyl benzene polymers or copolynmers cross-linked wth

di vi nyl benzene (e.qg., et hyl vi nyl benzene-di vi nyl benzene
(EVB-DVB) and styrene or polystyrene-divinyl benzene (DVB or
PS- DVB) copol yrer) of acrylonitrile, acrylic aci d, or

nmet hacrylic acid, trimethylanmine (TMA), trihexylanmne (THA ,
di et hyl enetri ami ne, di et hyl enetri ami ne, unsymmetri cal
di et hyl hydr azi ne (UDWVH) di et hyl et hanol ami ne (DVEA)
net hyl am ne (My , dinethyl anine (DMB) , et hyl di et hanol ani ne

(MDEA) or triethanol anm ne (TEA)
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In one enbodinment the said anion exchange chromatographic
mat eri al wi t hin each of chr omat ogr aphi c col ums is

equilibrated with an aqueous basic solution.

In one enbodinent the eluent is an acid or basic solution or

wat er .

The sinulated noving bed chromatography may be practiced
with any sinmulated noving bed chromatographic apparatus,
including but not limted to noving port and noving colum

systens .

This description is of course not in any way restricted to
the fornms of inplementation presented herein and any person
with an average know edge of the area can provide many
possibilities for nodification thereof wthout departing
fromthe general idea as defined by the clains. The preferred
forms of inplenentation described above can obviously be
conbi ned with each other. The follow ng clains further define

the preferred forns of inplenentation.

Li sbon, January 9, 2019
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CLAIMS
1. A simulated noving bed chromatography nethod for

separating a glycerol derivative from a feed solution
conprising said glycerol derivative and/or one or nore
different glycerol derivatives, and/or unreacted glycerol,
and/or inmpurities, conprising:

(a) selecting a simulated noving bed chromatographic
apparatus conprising at least two chromatographic colums
interconnected in series; wherein Said colums contain a
separation nedia or a mxture of a variety of separation
medi a, conprising ion exchange nmaterials; sequential ly
conprising first a desorbent port, an extract port, a feed
port and a raffinate port; and simultaneously,

(b) contacting, through said feed port, said feed solution
with the separation nedia equilibrated with an acid or basic
solution or water-organics mxture or water;

(c) contacting, through said desorbent port, an acid or basic
eluent with said separation material, wherein the eluent may
also be a water-organics mxture or water; and

(d) withdrawing, through said raffinate or extract port, a
raffinate or extract stream respectively, conprising the
fluid nmobile phase and minly one of said glycerol
derivatives, and a |ower percentage of said other glycerol
derivatives, and/or unreacted glycerol, and/or inpurity

present in said feed solution.

2. The method according to claim 1, wherein the sinulated
noving bed chromatographic apparatus further conprises
addi ti onal raffinate or extract strearns; wi t hdr awi ng,

through said outlet ports, a raffinate or extract stream
conmprising the fluid nobile phase, an acid solution or basic

solution or water-organics mxture or water itself and mainly
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one of said glycerol derivative, and a lower percentage of
said other glycerol derivative or any inpurity present in

said feed sol ution.

3. The nmethod according to any of the previous claims,
wherein the simulated noving bed chronmatographic appar at us
further conprises a second desorbent port to perform solvent
gradients inside the unit; contacting, through said second

desorbent port, an acid solution or basic solution or water-

or gani cs m xture or water itself wth said separation
mat eri al

4. The nmethod according to any of the previous claims,
wherein sai d gl ycerol derivative is sel ect ed from

di hydr oxyacet one (DHA) , hydroxypyruvic acid (HPA) , glycolic
aci d (Gco , oxalic aci d (oxA) , nesoxalic aci d (MEO
tartronic acid (TTA , glyceric acid (GcA) , glyceral dehyde

(&A) , glyoxalic acid (GX) , unreacted gl ycerol or any

gl ycerol derivatives.

5. The nethod according to any of the previous clains,

wherein the feed solution is product of a chemcal conversion

of glycerol by a range of process such as selective
oxi dati on, sel ective hydrogenolysis , catalyst dehydration,

pyrol ysi s, gasi ficati on, sel ective gl ycerol
transesterification and esterification, sel ective

etherification and carboxylation

6. The nethod according to claim 5, wherein the pH of said
feed solution is between 1 and 13 by the addition of an acid

or a basic species.
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7. The method according to claim e, wherein the pH of said
feed solution is between 1 and 7 by the addition of an acid

or a basic species.

8. The method according to claim 7, wherein the pH of said
feed solution is between 1 and 5 by the addition of an acid

or a basic species.

9. The method according to any of the previous clains,
wherein the feed solution is pretreated by any process
suitable to obtain a solution of tw or nore glycerol

derivatives wthout inpurities.

10. The nethod accordi ng to claim 9, wherein t he
pretreatnent process is a process selected fromion exchange,

distillation, centrifugation and filtration.

11. The nmethod according to any of the previous clains,
wherein said chromatographic material is a cation or anion

exchange chromat ographic material.

12. The nmethod according to any of the previous clains,
wherein said cation exchange chromatographic material is
selected from alum na, nagnesium silicates, silica, glass,
controlled pore glass, ~carbon, porous graphitic carbon,
zirconium phosphate, hydr oxyapatite, cal cium phosphate,

magnesi um carbonate, and polynmers or resins.

13. The nethod according to claim 12, wherein said polyners
or resins for the cation exchange chromat ography are sel ected
from hydr oxyal kyl met hacr ol at e, pol yacryl am ne,
pol ymacr ol at e, poly (hydroxyethyl macrolate ), polystyrene,

styrene-di vi nyl benzi ne pol ymers , pol y
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(et hyl enegl ycol di net hacrol at e ), poly (vinylalcohol ), Poly
(vinylacetate) , and poly (vinylpyridine ).

14. The nethod according to any of clains 12 and 13, wherein
the said cation exchange chronatographic mat eri al W t hin
each of chromatographic <colums is equilibrated wth an acid

solution or water-organics mxture or water.

15. The nmethod according to claim 11, wherein said anion
exchange chromatographic material is selected from polyners,

resins, silica, zirconia, carbon and alum na.

16. The nethod according to claim 11 , wherein said polyners
or resins for the anion exchange chromatography are selected
from sulfonic acid, alkylsulfonic acid, phenylsulfonic acid,
al kyl phenyl sul foni ¢ aci d, and salts t her eof ,
poly (vinylalcohol ), poly (nmethacrylates ), hypercross-1linked
pol ystyrene and poly (ethyl ene oxi de) and styrene or

et hyl vi nyl benzene polynmers or copolyners cross-linked wth

di vi nyl benzene (e.qg., et hyl vi nyl benzene- di vi nyl benzene
(EVB-DVB) and styrene or polystyrene-divinyl benzene (DVB or
PS- DVB) copol yner) of acrylonitrile, acrylic aci d, or

nmethacrylic acid, trinmethylanine (TMA), trihexylamne (THA ,
di et hyl enetri am ne, di et hyl enetri am ne, unsymmetri cal
di met hyl hydr azi ne (UDWVH) di et hyl et hanol ami ne (DVEA)
net hyl am ne (My , dinet hyl am ne (DMB) , et hyl di et hanol ami ne

(MDEA) or triethanol ani ne (TEA)

17. The nethod according to any of clains 15 and 16, wherein
the said anion exchange chromatographic naterial wthin each
of chromat ographic colums is equilibrated wth a basic

solution or water-organics mxture or water.
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18. The method according to any of the previous clains,
wherein said eluent is an acid solution or basic solution or

wat er-organi cs mxture or water.

19. The nethod according to claim 18, wherein the pH of
said eluent solution is between 1 and 13 by the addition of

an acid or a basic species.

20. The nethod according to claim 19, wherein the pH of
said eluent solution is between 1 and 7 by the addition of

an acid or a basic species

21. The nethod according to claim 20, wherein the pH of
said eluent solution is between 1 and 5 by the addition of

an acid or a basic species

22. The method according to any of the previous clains,
wherein sinulated noving bed chromatography nay be practiced
with any simulated noving bed chronmatographic apparatus,
including but not limted to noving port and noving colum

systens .

RECTIFIED SHEET (RULE 91) ISA/EP
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