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(54) METHOD FOR PURIFYING AND REMOVING COLOR OF 2,5-FURANDICARBOXYLIC ACID 
(FDCA)

(57) The invention is based on the finding that when
conducting crystallization of FDCA at high temperatures,
the formation of significant amounts of colored byproduct
can be reduced or even avoided when the FDCA mixture
is kept at temperatures above 100 °C for less than 15
minutes. This is achieved by conducting the crystalliza-
tion process in a continuous reactor. Accordingly, the
method comprises the steps of feeding a mixture com-

prising undissolved FDCA and a solvent to a reactor; and
dissolving FDCA by superheating the mixture in the re-
actor to a temperature of at least 130 °C; and crystallizing
FDCA by cooling the mixture in the reactor,
wherein the reactor is a continuous reactor and the res-
idence time in the reactor zone wherein the FDCA mixture
has a temperature above 100 °C is less than 15 minutes.
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Description

[0001] The invention is directed to a method for puri-
fying and/or removing, or at least reducing, the color of
2,5-furandicarboxylic acid (FDCA).
[0002] FDCA is an important compound for the pro-
duction of biomass-derived polymers such as polyesters,
polyamides, polyurethanes and the like. For instance,
FDCA can be used as a building block in polyethylene-
furanoate (PEF) which can be regarded as a bio-based
alternative for the petrochemical-based polyethylene
terephthalate (PET).
[0003] Biomass-derived FDCA is typically prepared in
a one-step direct oxidation of HMF. HMF can be obtained
from dehydrating carbohydrates (e.g. glucose and fruc-
tose) that are found in biomass. One-step direct oxidation
of HMF to FDCA can for instance be carried out by ther-
mochemical oxidation, biochemical oxidation or electro-
chemical oxidation.
[0004] The most common one-step direct oxidation of
HMF to FDCA is thermochemical oxidation. In this proc-
ess, HMF is converted to FDCA at elevated temperature
(typically between 65 and 250°C, preferably 100-200°C)
in the presence of an oxidation catalyst. Such an oxida-
tion reaction is well known in the art and for example
described in WO 2011/043660 and WO 2015/030590.
[0005] The one-step direct electrochemical oxidation
of FDCA from HMF by for instance using a Pt/C or a
NiO(OH) anode is described in Vuyyuru et al., Catalysis
Today 195 (2012), 144 - 154 and Grabowski et al., Elec-
trochemica Acta 36 (1991), 1995, respectively. In Chad-
derdon et al., Green Chemistry 16 (2014), 3778 - 3786,
the preparation of FDCA and other oxidation intermedi-
ates from HMF in an electrochemical cell using i.a. Pd-
Au alloys is described.
[0006] WO2012064195 and Qin et al., Green Chem-
istry 17 (2015), 3718 - 3722 describe for instance one-
step direct biochemical oxidation methods of HMF to FD-
CA by using genetically modified cells and an enzymatic
toolbox respectively. As with other one-step oxidation
methods, these one-step biochemical oxidation process-
es typically provide FDCA together with an undesirable
high amount of side products.
[0007] A drawback of one-step direct oxidation meth-
ods is the rather unselective oxidation towards FDCA,
partially due to the high instability of HMF, resulting in
impure and colored (e.g. brown) FDCA. Certain byprod-
ucts formed in one-step direct oxidation reactions are
undesirable as they may have a negative effect when
applied in polymerization reactions of FDCA. In particu-
lar, certain byproducts formed can act as chain-termina-
tors in polymerization reactions. For the production of
polymers from FDCA, FDCA preferably has a purity of
least 99.9 mol% and is preferably about colorless (white).
FDCA of less than 99.9% purity generally results in un-
desirable premature chain termination during the polym-
erization process and a concomitant poor quality of the
polymeric material. For example, brown FDCA generally

results in colored polymeric materials, which are not suit-
able for most commercial uses, such as plastics drinks
bottles and the like. As most commercial applications of
FDCA require colorless material it will be evident that
there is a need for methods to produce pure and colorless
FDCA.
[0008] Due to the poor solubility of FDCA in standard
solvents and its high boiling point, FDCA is notoriously
difficult to purify by standard techniques such as recrys-
tallization and distillation. Consequently, extensive
downstream-processes are required for the purification
of FDCA after its one-step production from HMF.
[0009] For example US 2013/0345452 is directed to a
downstream-process, wherein FDCA is purified by con-
ducting a hydrogenation reaction under mild conditions
in the presence of a hydrogenation catalyst.
[0010] It is accordingly desired to provide efficient tech-
niques for purifying FDCA, such that less down-stream
processing is required before a suitable purity and color
reduction is obtained.
[0011] An object of the invention is to at least solve one
of the problems mentioned above.
[0012] In particular, an object of the invention is to pro-
vide a method for purifying FDCA.
[0013] A further object of the invention to provide a
method for purifying FDCA wherein no chemicals (e.g.
reactants, catalysts or stabilizers) need to be added for
the purification to work, except for a solvent.
[0014] A further object of the invention is to provide a
method for removing, or at least reducing, the color of
FDCA, in particular FDCA crystals.
[0015] At least one of these objects was met by pro-
viding a method comprising the steps of

- feeding a mixture of undissolved FDCA and a solvent
to a reactor; and

- dissolving FDCA by superheating the mixture in the
reactor; and

- crystallizing FDCA from the mixture by cooling the
mixture;

wherein the reactor is a continuous reactor comprising a
reactor zone with a temperature above 100 °C; and
wherein the residence time in said reactor zone is less
than 15 minutes.
[0016] The inventors realized that it is desirable for FD-
CA crystallization to use superheating for dissolving FD-
CA. FDCA may show a significant increase in solubility
above superheating conditions. For example, when us-
ing water as a solvent, the solubility of FDCA increases
dramatically at temperatures beyond 130°C. However,
the inventors also found that a significant amount of by-
product was formed at higher temperatures, in particular
temperatures above 100 °C. The byproduct is colored
and its formation is therefore undesirable both in view of
purity and color.
[0017] The inventors found that the formation of signif-
icant amounts of byproduct can be reduced or even
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avoided when the FDCA mixture is kept at temperatures
above 100 °C only for a short time, i.e. less than 15 min-
utes. The inventors further found that this could only be
achieved in a continuous reactor. When scaling up the
crystallization process in a standard crystallization set-
up (typically conducted batch-wise), the short time need-
ed to avoid significant amounts of colored byproduct
could not be achieved. Heating and cooling of large vol-
umes of FDCA mixture is a slow process. Accordingly,
the time necessary to dissolve all FDCA in the mixture
and then to cool down the mixture proved to be too long
to avoid the formation of significant amounts of colored
byproduct. However, by using a continuous reactor, the
FDCA mixture can be rapidly heated and cooled at dif-
ferent reactor zones, such that the duration for which the
FDCA mixture is exposed to a temperature above 100
°C can be controlled. In this way, even large volumes of
FDCA mixture can be heated, cooled and crystallized
without having to expose (any part of) the FDCA mixture
to a temperature above 100 °C for a duration of 15 min-
utes or more, 10 minutes or more or even 5 minutes or
more. The resulting FDCA crystals showed a higher pu-
rity and reduced color compared to the crude FDCA in
the initial FDCA mixture fed to the reactor.
[0018] The inventors further found that the presence
of oxidizing agents such as oxygen in the water nega-
tively affects the process. The removal of oxygen signif-
icantly improved the purification. Accordingly, superheat-
ing is preferably conducted under anaerobic conditions.
[0019] The term "superheating" as used herein refers
to heating a liquid to a temperature higher than its boiling
point without boiling.
[0020] The term "boiling point" as used herein may re-
fer to the standard boiling point of the liquid, which is the
boiling point at a pressure of 1 bar. In case of the preferred
solvent water, this temperature is 100 °C.
[0021] The term "reactor zone having a temperature"
as used herein refers to a zone in the reactor with a certain
minimum temperature. The temperature throughout the
zone does not have to be the same, but will always lie at
or above the minimum temperature. Accordingly, any po-
sition in the reactor zone has a temperature at or above
said certain minimum temperature. A reactor zone cor-
responds to a certain length of the reactor channel of the
reactor, wherein the temperature is above said certain
minimum temperature over its entire length. Thus, at any
point in the reactor zone, the mixture will have a temper-
ature at or above said minimum temperature. The reactor
zone preferably corresponds to one continuous zone in
the reactor (i.e. one continuous length of the reactor
channel). Nevertheless, it may also be possible that said
reactor zone consists of two or more reactor zones, each
having a certain minimum temperature, with reactor
zones of lower temperature in between the high temper-
ature zones. However, such a configuration is generally
not desirable, as heating and cooling should be kept to
a minimum to keep the residence time as low as possible.
[0022] Fig. 1 shows the solubility of FDCA in water at

different temperatures.
[0023] Fig. 2 shows photographs of crude FDCA ob-
tained in a one-step direct oxidation reaction from HMF
(left) and of the same FDCA after purification with the
method of the invention (right).
[0024] The method of the invention intends to reduce
or avoid the formation of colored byproduct by exposing
the FDCA mixture to high temperatures for only a short
duration. Although the exact molecular structure of the
byproduct formed is not known, the inventors expect that
it will include humins and/or polymeric furanic com-
pounds. The byproduct is formed at high temperatures,
such as temperatures above 100 °C. However, such tem-
peratures cannot be avoided in view of the need for su-
perheating the FDCA mixture and dissolving all FDCA
present in the mixture. Accordingly, it is necessary to use
a sufficiently high temperature to dissolve FDCA quickly,
while at the same time subject the mixture to high tem-
peratures for only a short duration to limit by-product for-
mation.
[0025] The method of the invention provides a maxi-
mum duration that the FDCA mixture is exposed to high
temperatures. Since the method is conducted in a con-
tinuous reactor, this maximum duration can suitably be
expressed in terms of residence time. Accordingly, the
method of the invention requires that the residence time
in the reactor zone having a temperature above 100 °C
(i.e. the reactor zone wherein the FDCA mixture has a
temperature above 100 °C) is less than 15 minutes. The
term "reactor zone having a temperature above 100 °C"
as used herein refers to those parts of the continuous
reactor wherein the FDCA mixture has a temperature
above 100 °C. The residence time in this specific reactor
zone may also be referred to herein as the "high temper-
ature residence time".
[0026] The residence time in the reactor zone having
a temperature above 100 °C is less than 15 minutes,
preferably less than 10 minutes, more preferably less
than 5 minutes, for example less than 3 minutes. In other
words, the duration that any part of the FDCA mixture is
exposed to temperatures above 100 °C is less than the
afore-mentioned durations. Most preferably, the resi-
dence time is as short as possible. As soon as all FDCA
has been dissolved, the temperature of the mixture
should preferably be lowered again immediately. Never-
theless, a certain minimum residence time is generally
required, as a certain amount of time is needed to heat
the mixture, dissolve the undissolved FDCA and to cool
the mixture. Accordingly, the residence time may be at
least 1 minute, typically at least 2 minutes.
[0027] The size of the reactor zone having a temper-
ature above the boiling point of the solvent can be easily
controlled by the positioning and configuration of the
heating and cooling elements in the continuous reactor.
The residence time can be controlled by adjusting the
flow rate of the FDCA mixture. By controlling the temper-
ature of the reactor zone and the residence time, a good
balance can be struck between quickly dissolving FDCA
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and minimizing the amount of byproduct formed during
superheating.
[0028] The amount of byproduct formed will be larger
when using a higher temperature in the reactor. Accord-
ingly, when using a reactor with a reactor zone having
temperatures higher than 120 °C or even 140 °C, the
residence time is preferably shorter than 15 minutes. This
can be expressed by defining a reactor zone having a
temperature above 120 °C, above 140 °C or above 160
°C and its corresponding residence times. These reactor
zones may be present in addition or instead of the reactor
zone having a temperature above 100 °C.
[0029] In case the continuous reactor comprises a re-
actor zone having a temperature above 120 °C, the res-
idence time in this particular zone is preferably less than
12 minutes, preferably less than 9 minutes, more prefer-
ably less than 6 minutes, even more preferably less than
3 minutes.
[0030] In case the continuous reactor comprises a re-
actor zone having a temperature above 140 °C, the res-
idence time in this particular zone is preferably less than
10 minutes, preferably less than 7 minutes, more prefer-
ably less than 4 minutes, even more preferably less than
3 minutes.
[0031] In case the continuous reactor comprises a re-
actor zone having a temperature above 160 °C, the res-
idence time in this particular zone is preferably less than
8 minutes, preferably less than 6 minutes, more prefer-
ably less than 3 minutes.
[0032] Similar to the reactor zone having a temperature
above 100 °C, the reactor zones described above also
preferably are one continuous zone in the reactor.
[0033] The above-mentioned additional reactor zones
are typically a part of the reactor zone having a temper-
ature above 100 °C, i.e. a subzone of the larger reactor
zone having a temperature above 100 °C. The residence
time in the higher temperature zones should be particular
short, while the residence time in the reactor zone having
a temperature above 100 °C remains as defined further
above.
[0034] The methods of the invention comprise three
steps: (1) a feeding step, (2) a heating/dissolution step
and (3) a crystallization step. These four steps are de-
scribed in more detail below.
[0035] In the feeding step, a mixture comprising undis-
solved FDCA and a solvent is provided and is fed to a
continuous reactor.
[0036] The mixture comprises FDCA and a solvent.
The mixture is in particular a solid-liquid mixture. The
mixture may be a slurry or a suspension. The FDCA may
be partially dissolved in the solvent, but will comprise
undissolved FDCA as well. Accordingly, the mixture will
typically comprise a saturated solution of FDCA in the
solvent.
[0037] The majority of the FDCA present in the mixture
will generally be in undissolved (i.e. solid) form. The un-
dissolved FDCA may be in crystalline or in amorphous
form. For example, the FDCA may be present as colored

FDCA crystals (e.g. brown) or as a crude FDCA crystal
product. These can for example be obtained in a one-
step direct oxidation of HMF to FDCA. Accordingly, the
method of the invention may comprise the step of pre-
paring biomass-derived FDCA from HMF, in particular in
a one-step direct oxidation of HMF. This step is conduct-
ed prior to the feeding step. The oxidation of HMF to
FDCA may be carried out by thermochemical oxidation,
biochemical oxidation or electrochemical oxidation, pref-
erably by biochemical oxidation.
[0038] As the method of the invention relates to crys-
tallization, the mixture preferably comprises a low
amount of impurities. Accordingly, the concentration of
compounds other than the solvent and FDCA is prefer-
ably below 3 wt.%, more preferably below 1 wt.%, even
more preferably below 0.5 wt.%, even more preferably
below 0.1 wt.%, based on the total weight of the mixture.
As it is not intended to conduct any type of reaction in
the continuous reactor, preferably no reactants or cata-
lysts are present in the mixture. In one embodiment, the
method is conducted in the absence of a catalyst, reac-
tants or both. In particular, the method is conducted in
the absence of a hydrogenation catalyst.
[0039] The solvent in the mixture may be any solvent
that can be suitably used in FDCA crystallization proc-
esses. Examples of such solvents are water, alcohols,
amides, sulfoxides and sulfones. Suitable examples of
alcoholic solvents are C1-C4 alcohols (e.g. methanol and
ethanol) and C2-C4 diols (e.g. ethylene glycol). Suitable
examples of amide solvents are dimethyl formamide
(DMF), N-methyl-2-pyrrolidone (NMP), dialkyl aceta-
mides (e.g. dimethyl acetamide (DMA)), N-alkyl aceta-
mides (e.g. ethyl acetamide) and ethyl formamide. Suit-
able examples of sulfoxide solvents are C1-4 dialkyl sul-
foxide, e.g. dimethyl sulfoxide (DMSO)). A suitable ex-
amples of a sulfone is sulfolane. Further examples of
suitable solvents are ether (e.g. diethyl ether) and tolu-
ene. Preferably, the solvent is selected from the group
consisting of water, methanol, ethanol, ethylene glycol,
DMF, NMP, DMA, ethyl acetamide, ethyl formamide,
DSMO and sulfolane. Most preferably, the solvent is wa-
ter. When using water as a solvent, the solubility of FDCA
increases dramatically at temperatures beyond 130°C.
This makes the temperature range at which the method
of the invention is conducted particularly advantageous.
Accordingly, the mixture is preferably an aqueous mix-
ture comprising undissolved FDCA. When using a sol-
vent other than water, it may be preferable to dissolve
FDCA in the solvent by superheating the mixture to a
temperature above the boiling point of the solvent, pref-
erably at least 10°C above, for example at least 20°C or
at least 30°C above said boiling point.
[0040] The mixture may have a concentration of at
least 1.5 wt.% FDCA, preferably at least 2 wt.% FDCA,
even more preferably at least 3 wt.% FDCA, even more
preferably at least 5 wt.% FDCA, even more preferably
at least 8 wt.% FDCA, even more preferably at least 12
wt.% FDCA, based on the total weight of the mixture.
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Due to the high temperature used in the dissolution step,
such high FDCA concentrations can be suitably used in
the method of the invention.
[0041] The mixture described above is fed in step (1)
of the method of the invention to a continuous reactor.
Since the mixture comprises solids, the continuous re-
actor should preferably be capable of processing slurries
and/or suspensions. This will reduce the risk of clogging
the reactor.
[0042] The mixture is preferably mixed while residing
in the reactor. In this way, clogging of the reactor can be
reduced or even avoided. Also, this has the advantage
that the possible formation of hot spots can be prevented
in the reactor. The reactor may for example comprise
one or more stationary baffles for obstructing the flow of
the mixture through the reactor. The baffle may be for
example be provided as an insert in the reactor tube. The
reactor may also comprise an oscillating baffle or other
types of moving elements capable of providing mixing in
the reactor. Preferably, the reactor comprises one or
more curved channels. In a preferred embodiment, the
reactor comprises multiple curved channels in combina-
tion with a stationary baffle or with a moving element
capable of providing mixing in the reactor. An example
of a suitable continuous reactor is for example a helix
reactor. The multiple curved channels in a helix reactor
provide for the presence of Dean vortices which can ef-
fectively mix the mixture. Another example of a suitable
continuous reactor is an oscillating baffled reactor (OBR).
[0043] The continuous reactor generally has a reactor
channel, through which the mixture flows. The reactor
channel may comprise one or more straight or shaped
(sub)channels, such as the one or more curved channels
mentioned above. The reactor channel may comprise
two openings, viz. an inlet for the mixture to enter the
reactor and an outlet for the mixture to exit the reactor..
The reactor channel may have a diameter of at least 0.5
mm, preferably at least 1 mm. A typical range for the
diameter is 0.5-100, preferably 1-50 mm, for example
2-20 mm. Preferably, the reactor channel has a tubular
shape, in which case the reactor channel may be referred
to as a reactor tube. The diameter of the reactor channel
is preferably at least 10 times as large as the diameter
of the largest particle present in the mixture. By using a
reactor channel with the diameter indicated above, the
volume of mixture passing through the channel can be
quickly heated and cooled. In this way, the residence
time of the high-temperature zones can be controlled..
[0044] In one embodiment, the continuous reactor is
operated using an oscillating flow. In other words, the
mixture flows through the reactor channel with an oscil-
lating flow. This means that the mixture is flowed alter-
nately in backward and forward direction in the channel
of the continuous reactor. This may provide for increased
control of the residence time and the possibility of using
a relatively small reactor. A process using such oscillating
or reversed flow is described e.g. in WO 2014/058320.
The flow may for example be reversed 10 or more times,

50 or more times or even 100 or more times during pas-
sage of the mixture through the channel of the continuous
reactor. The flow can be suitably reversed by applying
high pressure at one end of the channel and/or low pres-
sure at another end of the channel, and/or by providing
alternating high and low pressure at one or more posi-
tions in the channel. Alternatively, the flow can be re-
versed by axially moving actuators in the channel.
[0045] Preferably, the reactor is an anaerobic reactor.
[0046] The method of the invention further comprises
the step of dissolving FDCA by superheating the mixture
in the reactor. This step may be referred to as the heat-
ing/dissolution step.
[0047] In the heating/dissolution step of the method of
the invention, the FDCA is dissolved by superheating the
mixture in a continuous reactor. The term "superheating"
as used herein refers to heating a liquid to a temperature
higher than its boiling point without boiling. The skilled
person will know how this can be achieved, for example
by using an elevated pressure in the reactor. FDCA may
show a significant increase in solubility above superheat-
ing conditions.
[0048] In the heating/dissolution step, the undissolved
FDCA is dissolved in the solvent. In order to obtain pure
crystals in the crystallization step, it is necessary that as
much FDCA as possible, most preferably all FDCA, is
dissolved in the solvent in this step. Accordingly, the mix-
ture obtained in the heating/dissolution step preferably
comprises less than 0.5 wt.% undissolved FDCA, more
preferably less than 0.1 wt.% FDCA, most preferably no
undissolved FDCA at all. Thus, the mixture obtained in
the heating/dissolution step may be an FDCA solution.
[0049] The continuous reactor comprises a reactor
with a temperature of at least 100 °C. Accordingly, the
FDCA mixture is heated to at least this temperature. How-
ever, in order to rapidly dissolve FDCA, it is generally
desirable to heat the FDCA to a higher temperature. Pref-
erably, FDCA is dissolved by superheating the mixture
at a temperature of at least 130 °C. In certain embodi-
ments, for example when processing mixtures with par-
ticular high FDCA concentrations, it may be preferred to
heat to even higher temperatures, e.g. to a temperature
of at least 150 °C or of at least 170 °C. It is generally not
desirable to conduct in the dissolution step at too high
temperatures. FDCA will generally be superheated at a
temperature not higher than 240 °C, for example not high-
er than 210 °C or 190 °C. Very high temperatures may
not be desirable in view of dealing with high pressures
and possible decomposition of the compounds in the mix-
ture.
[0050] In order to avoid boiling of the solvent, an ele-
vated pressure in the continuous reactor may be used.
The pressure in the continuous reactor is generally in the
range of 1 to 50 bar, depending on the temperature zone
of the reactor. The higher temperature zones in the re-
actor will typically have a higher pressure. At tempera-
tures higher than 100 °C, the pressure may be in the
range of 1.5-40 bar, preferably 2-30 bar. In case an os-
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cillatory flow is used, the pressure is preferably 10-30
bar. When the continuous reactor is operated with a con-
tinuous flow (i.e. using same flow velocity throughout the
reactor channel), the pressure is preferably 3-20 bar in
the high temperature zones of the reactor.
[0051] The method of the invention further comprises
a crystallization step. In the crystallization step, the mix-
ture is cooled. By cooling the mixture, the FDCA that is
dissolved in the solvent will recrystallize in the mixture.
At least part of the cooling may be conducted in the re-
actor. Typically, the mixture is at least cooled in the re-
actor to a temperature below the boiling point of the sol-
vent. The pressure typically used in the reactor for su-
perheating is no longer necessary at this point. When the
mixture is no longer superheated, it can be further cooled
outside the reactor. Alternatively, the entire crystalliza-
tion step may also be conducted in the reactor.
[0052] In the crystallization step, the mixture is cooled,
preferably to a temperature below 100 °C, more prefer-
ably below 50 °C. Typically, the mixture is simply cooled
to room temperature. As the solubility of FDCA is low, it
will generally already start to crystallize at high temper-
atures, e.g. at temperatures above 100 °C. While cooling
the mixture, FDCA crystals are obtained. These crystals
have a higher purity and will typically have a lighter color
compared to the crystals that were fed to the reactor.
[0053] Preferably, the total residence time of the FDCA
mixture in the continuous reactor is short. The total res-
idence time may be less than 15 minutes, preferably less
than 12 minutes, more preferably less than 9, even more
preferably less than 5 minutes, for example less than 3
minutes.
[0054] Alternatively, the residence time of the FDCA
in the continuous reactor may also be significantly longer
than 15 minutes. As the speed of cooling may have an
effect on particle size distribution, it is preferred to cool
the mixture slowly, especially in the range of 0-100 °C,
for example back to room temperature or even lower. In
case the entire crystallization step is conducted in the
reactor, this may mean that the residence time in the
reactor may be more than 30 minutes or even more than
1 hour.
[0055] The flow rate of the mixture through the reactor
lies in the range of 2-120 reactor volumes per hour, pref-
erably in the range of 4-60 reactor volumes per hour. The
reactor volume is typically 1 to 10.000 ml, for example
10 to 1.000 ml.
[0056] As already discussed above, the FDCA mixture
should be exposed to the high temperature only for a
short time, which should be long enough to dissolve the
FDCA, but short enough to avoid signification formation
of colored byproduct. Accordingly, the high temperature
residence time should be less than 15 minutes, as de-
fined above. The high temperature residence time is de-
termined by the dimensions of the reactor zone wherein
the FDCA mixture has a temperature above 100 °C, as
well as the flow rate of the FDCA mixture through the
reactor and the temperature in the reactor. By varying

these two parameters, the skilled person will know how
to configure the reactor to achieve the desired result.
[0057] In a further aspect, the invention is directed to
a method for reducing the color of FDCA crystals. The
method comprises the same steps as described above
for the method of the invention of the first aspect. The
mixture may be prepared by mixing colored FDCA crys-
tals with a solvent, preferably water.
[0058] The method is illustrated by the experimental
examples below.

Comparative Example 1: Batch Process

[0059] Crude FDCA (27 g, 97.7% pure - obtained from
a one-step direct oxidation of HMF) and demineralized
water (300ml) were charged in an autoclave vessel,
which was mounted with a magnetic overhead stirrer.
The content of the vessel was heated from 20 to 180°C
within 20 minutes and subsequently cooled down to 20°C
within 20 minutes. Upon filtration and washing with dem-
ineralized water (2x 300 mL, 8°C) pure FDCA (24g,
>99.5% pure) was obtained.

Example 2: Continuous Flow Process

[0060] A 10 wt.% slurry of crude FDCA in demineral-
ized water was prepared. This slurry was then fed into a
tubular continuous flow reactor having a temperature of
150-190°C, and fed at a rate such that the residence time
in the reactor was less than 15 minutes. During this pe-
riod, a suitable technique was applied to prevent settling
of the solids (pulsations). After the desired residence
time, the contents of the reactor were cooled to room
temperature to facilitate precipitation, and the formed FD-
CA was isolated by filtration and washed with deminer-
alized water.
[0061] Photographs were taken of the crude FDCA and
the FDCA obtained after purification. These are shown
in Figure 2. The photographs show that the colour of the
purified FDCA was of much lighter colour than the colour
of the crude FDCA.

Claims

1. Method for purifying FDCA comprising the steps of

- feeding a mixture comprising undissolved FD-
CA and a solvent to a reactor; and
- dissolving FDCA by superheating the mixture
in the reactor; and
- crystallizing FDCA from the mixture by cooling;

wherein the reactor is a continuous reactor compris-
ing a reactor zone having a temperature above 100
°C; and wherein the residence time in the reactor
zone having a temperature above 100 °C is less than
15 minutes.
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2. Method for reducing the color of FDCA crystals com-
prising the steps of

- preparing a mixture by mixing colored FDCA
crystals with a solvent; and
- feeding the mixture comprising FDCA crystals
to a reactor; and
- dissolving FDCA by superheating the mixture
in the reactor; and
- crystallizing FDCA from the mixture by cooling,

wherein the reactor is a continuous reactor compris-
ing a reactor zone having a temperature above 100
°C; and wherein the residence time in the reactor
zone having a temperature above 100 °C is less than
15 minutes.

3. Method according to claim 1 or 2, wherein super-
heating is conducted under anaerobic conditions.

4. Method according to any of the previous claims,
wherein the reactor has a reactor channel having a
diameter in the range of 0.5-100 mm.

5. Method according to any of the previous claims,
wherein the solvent is selected from water, alcohols,
amides, sulfoxides and sulfones.

6. Method according to any of the previous claims,
wherein the solvent is water and FDCA is superheat-
ed to a temperature of at least 130 °C in the disso-
lution step.

7. Method according to any one of the previous claims,
wherein the residence time of the reactor zone hav-
ing a temperature above 100 °C is less than 5 min-
utes.

8. Method according to any one of the previous claims,
wherein the residence time of FDCA in the continu-
ous reactor is less than 15 minutes.

9. Method according to any of the previous claims,
wherein the continuous reactor has a helix shape.

10. Method according to any of the previous claims,
wherein the mixture is mixed in the reactor using a
static mixer or by oscillating baffles.

11. Method according to any of the previous claims,
wherein the mixture that is fed to the continuous re-
actor has an FDCA concentration of at least 2 wt.%,
based on the total weight of the mixture.

12. Method according to any of the previous claims,
wherein the mixture that is fed to the continuous re-
actor has an FDCA concentration of at least 5 wt.%,
based on the total weight of the mixture.

13. Method according to any of the previous claims,
wherein superheating is conducted at an elevated
pressure of 1.5-40 bar.

14. Method according to any of the previous claims,
wherein the method is conducted in the absence of
a catalyst or reactants.

15. Method according to any of the previous claims,
wherein the reactor comprises a reactor zone having
a temperature of at least 130 °C, wherein the resi-
dence time in said reactor zone having a temperature
of at least 120 °C is less than 12 minutes.

11 12 



EP 3 505 514 A1

8



EP 3 505 514 A1

9

5

10

15

20

25

30

35

40

45

50

55



EP 3 505 514 A1

10

5

10

15

20

25

30

35

40

45

50

55



EP 3 505 514 A1

11

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• WO 2011043660 A [0004]
• WO 2015030590 A [0004]
• WO 2012064195 A [0006]

• US 20130345452 A [0009]
• WO 2014058320 A [0044]

Non-patent literature cited in the description

• VUYYURU et al. Catalysis Today, 2012, vol. 195,
144-154 [0005]

• GRABOWSKI et al. Electrochemica Acta, 1991, vol.
36, 1995 [0005]

• CHADDERDON et al. Green Chemistry, 2014, vol.
16, 3778-3786 [0005]

• QIN et al. Green Chemistry, 2015, vol. 17, 3718-3722
[0006]


	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

