DESCRIPTION MONOSACCHARIDE PREPARATION METHOD 5FIELD OF THE INVENTION [0001]
The present invention relates to a monosaccharide preparation method.More specifically, it relates to a
monosaccharide preparation method by hydrolysisof 10 polysaccharides, and in particular to
monosaccharide preparation method using an acid catalyst of a homogeneous system.
BACKGROUND ART 15[0002] In recent years, when crude oil prices are rising steeply,
techniques for preparing chemical products such as ethanol and lactic acid from biomass, which is a
renewable resource, are drawing attention. As lignocellulosic biomass, which includes 20
polysaccharides such as cellulose and hemicellul@se R isPpressnt in huge amounts, utilization thereof is
promising; however, the utilization is limited to be partial since chemical conversion is difficult. In
particular, when chemically convertini%ggnocellulosm biomass, the saccharlflcatlon reaction of 25

cellulose into glucose is key. As et @s%ﬁ@%%ﬁ%% (ﬂ?/drolyss efficiently

saccharifying cellulose has a high level of difficulty. The monosaccharides generated by
saccharificgtion are mainly used as raw materials tormierohiglfarmentation, ultimately converted into
a 30chemical p{){)@@tgﬁjuch as ethanol. [0003] As cellulose saccharification methods being examined
at the stage of | use, (1) concentrated sulfuric acid method, (2) dilute sulfuric acidmethod and
(3) enzymatic method 35NAaybeca el (fot fHstance Refetas NorSpateht Boclfens 3 &l ride

preparation method. More specifically, it relates to a
monosaccharide preparation method by hydrolysis of
10 polysaccharides, and 1in particular to monosaccharide
preparation method using an acid catalyst of a homogeneocus

system.

BACKGROUND ART
15 [0002]

In recent years, when crude o1l prices are rising steeply,
techniques for preparing chemical products such as ethanol and
lactic acid from bicomass, which is a renewable resoﬁrce, are
drawing attention. As lignocellulosicbiomass, which includes

20 polysaccharides suchas cellulcse and hemicellulose, is present
in huge amounts, utilization thereof is promising; however, the
utilization is limited to be partial since chemical conversion
is difficult. In particular, when chemically converting
lignocellulosic biomass, the saccharification reaction of

25 cellulose into glucose is key. As cellulose ishighcrystalline,
accepting little  hydrolysis, efficiently saccharifying
cellulose has a high level of difficulty. The monosaccharides
generated by saccharification are mainly used as raw materials
for microbial fermentation, ultimately converted into a

30 chemical product such as ethanol.

[0003]

As gellulose saccharification methods being examined at
the stage of practical use, (1} concentrated sulfuric acid
method, (2) dilute sulfuric acidmethod and (3) enzymaticmethod

35 may be cited (for instance, refer to Non-patent Document 1 and



Non-patent Document 2). The concentrated sulfuric acid method (1) treats cellulose in a high
concentration sulfuric acid on the order of 80% at low temperature conditions. Since cellulose
dissolves in high concentration sulfuric acid, the present 5 method has the merit that the
decomposition reaction proceeds rapidly even at low temperature, and that high monosaccharide
yields can be anticipated. However, as there is the need to recover large amounts of sulfuric acid,
energy and equipment costs spent for sulfuric acid recovery is an issue. As a prior 10 art sulfuric acid
recycling method, one using an ion-exchange resin is known (for instance, refer to Patent Document
1); however, withothis;methad pas stliuric acid isrtesavered diluteddd en thmerdenefi20%s thod

re-concentration hereel [eulies sonsideraple enelay,and sauipment Alternatively, 2 method 45

using membrane separation with an ion-exchange membrane to recover sulfuric acid is also known

(for instance, ref&S6 BaEen? DECTENT 8 h6WRGE AIseAwiPrtisThetHod, tRersR ife isede trat
sulfuric acid is diluted byt the tetoveryaatie isoat Tdws stheftoncentrated sutfiec meidsasthod has

20 the issug of catalyst recycling. and-an ecogemical catalysirecyeling,:methed is,soughida oxder to
become a highly competitive method. [0004] In addition, the d(%lutgbas{glfur.ic acid method {]2 treats 25
ion

cellulose in an &G0t sSTEN D sUifric AURE A IoW Soncaiitratith: at High TEMpErtiT&and Righ
pressure, and differsdandarmentallyfrorm the tencentiaied seilfurie acidmethdd (Hhen trepoihts of

reaction conditigas. g0d decomposition. meshamisan Althoughcellloserdisselves in 30 suffude acid of
approximately 60% or %reea}&r %%r]}:c%%t %I{%li dissoglétigré does not occur in sulfuric %:éd of I%\i\/gg
' y

. 3 Cac SCOVery 15 dll 185Ue. =
concentratlons.clcha IS 10 say, concen rated SU|?UFIC acid met%o% promotes decomposmo

dissolving-Bellurse, fiésntrast, At snftife adid nsthba HroRTetes Heteniposifion 85 BYyBiging it
to high temperatareiandi Bighrpsessure oWith-ike dilbte suléuficracied methed, isineethesamount of

sulfuric acid used, is.small, po.catalyst recyeling is,cartied Qut; haweyer, there are issiies suegs low

monosaccharide yields, many reaction by-products, waste generated when neutralizing 5 sulfuric acid.
Among these, the IR yiERFis Helgreatdst 88Ge. THS OGS thRIdR seldttbRy bf thEdv 7 es
saccharificationcreasetior: byithe |loweoncerdrationsuifurientid, ahdgrovsioivefly catalyst hhddeaction

conditions with high-reagtion selectiityare sequired, 10[0005] ; o, Theenzymaticdnethgdd3)uses an
enzyme such as cellulase se%\%n asa catalyst, all(ftwinq{higr:j‘yie@s to be a{ﬂic'gatedf' h Wevgcrj
important issueg?&ﬁg%‘prsa%' drdse are’stow Tedction sp?eew an ﬁf‘fghlélnszy?nne Eosts “The above
three methods RavebbtrPts atieantages drelshitriconiings, and-therdis nosibsoflite Hiethed ctirrently.
Meanwhile, althoughsin a.stugdy stage: armethodisikeing examined; whichrusestareinseluble: r v
heterogeneous solid acid catalyst in_the reaction solution to.sacchari [yl f instance, refer
to Patent Docur%aelrclfL 8).3\%%(3%5 m%ﬁts)d, %Sa?:a‘%%% ﬁé@%‘g;@%éﬁ%ﬁ% c%%tglésqt{ é%c%?e?/%

relatively #8adil} Bfroli§F $d1i@fiqtRIESSpat AtiGiE HEWeVEr, sépstafién BERTEEN A6R-de8smpvEsd

residues such asdignin and thescatakyst issdifieultymthichrbecordes a problestwhen decatigposing
competitive method.
[0004]
In addition, the dilute sulfuric acid method (Z) treats
25 cellulose in an agueous sclution of sulfuric acid at low
concentration, at high temperature and high pressure, and
differs fundamentally from the concentrated sulfuric acid
method (1) on‘ the points of reaction conditions and
decomposition mechanism. Although cellulcose dissclves in
30 sulfuric acid of approximately 60% or greater concentration,
dissolution does not occur in sulfuric acid of lower
concentrations. That i3 to say, concentrated sulfuric acid
method promotes decomposition by dissolving cellulose, in
contrast, dilute sulfuric acid methoed promotes decomposition

35 by bringing it to high temperature and high pressure. With the



25 lignocellulose. [0006] In addition, a method that uses a heteropolyacid at a high concentration of on
the order of 80% to saccharify cellulose has also been described (for instance, refer to Patent
Documents 30 4 and 5). This method is thought to have a similar mechanism as the concentrated
sulfuric acid method, and, while achieving high monosaccharide yields, catalyst recycling is essential.
As large amounts of catalyst is used similarly to the concentrated sulfuric acid method, the burden of
catalyst 35 recycling is high. In addition, since heteropolyacids are far more expensive compared to
sulfuric acid, even a small loss has a large influence on the costs, higher recovery ratio is required. In
Patent Documegt 4;the passibility-of usinara pprUS substancrsuchvas Milfhaving dO:-membered

oxygen g, 5 (e pzeglearmordenite.tavud d2-membeied auyden ings deserifed,as disfhod for

separating a monosaccharide from a catalyst,"and in addition,”a method for re-precipitating a
monosaccharidé ¥ifitarfdigarie SoRentid Gesdibed O PHEMBEEIRERTE al dmbSdimBatior

recovering heterepalydcid byol0 memibrans sepaxatien isyeescrivedd andlatthoughuyphosphetungstic

- acid is deseribed,fo have been sepaaled and recovered usipg admardenitemembrane. therg.is no
mention regarding the recovery ratio for a’ heteropqlyacid such as hog hotungstic a%|d; a%sorl[l)tlon of
heteropolyacid ORtb pordus aftmifa, Whict {&art _QL% %Eéﬁﬁ%l%u%ﬁoﬁ \A%we%a&s%r%ﬁﬁ iAOTganic

|
membrane, decreasesithe FacdVeryratioforheteropdijacids i Addition i the arsthpcer sion

re-precipitating 8imenosaeciipgide With-anaiganicsolvept dargeamounts af selvant isdisegifer the

re-precipitation, ngqtggq:m%reﬁ aftaejr: ge@aration é)f the 20 catalyst, solvent-removal and dehydration steps
are required for coﬁcentlrat]iﬁé/the cataﬁ/%ﬁjtﬁe need for considerable energy and equipment for these

steps is alrobléf? v addition, in the separation method by membrane separation using mordenite
membrane, a catalyst dehydsationestepdsrads ogedey atiersthe 2hmembranetseparation:Stepeln any

case. with the methods of Ratent Rocupuent 4. the purden Ol cajaystieqysing begomes bighugue to

saccharification being carried out with & heteropolyacid at an extremely high concentration, and the
energy and eqUisHENECOSE RirfifdtmorS CatIySHEostsPAISs, dre ek pedtetto Beunté 36+ "

considerable. speed and high enzyme costs. The above three methods have both
15 advantages and shortcomings, and there is no absolute method
currently.

Meanwhile, although in a study stage, a method is being
examined, which uses an insoluble heterogeneous solid acid
catalyst in the reaction solution to saccharify cellulcse (for

20 instance, refer to Patent Document 3y. With this method,
separation between glucose and catalyst is achieved_relatively
readily through seolid-liquid separation. However, separation
between non~decomposed residues such as lignin and the catalyst
is difficult, which becomes a problem when decomposing

25 lignocellulose.

[0006] :

In addition, a method that uses a heteropolyacidat a high
concentration of on the order of 80% to saccharify cellulose
has also beendescribed (for instance, refer to Patent Documents

30 4 and 5). This method is thought to have a similar mechanism
as the concentrated sulfuric acid methed, and, while achieving
high monosaccharide yields, catalyst recycling is essential.
As large amounts of catalyst is used similarly to the
concentrated sulfuric acid method, the burden of catalyst

35 recycling is high. In addition, since heteropolyacids are far



[0007] In addition, a method has been described, which uses an inorganic membrane to
membrane-separate a catalyst such as heteropolyacid (for instance, refer to Patent Document 6).
Here, a method is given as an example, where vaporizable compound such as ethyl acetate, ethanol,
water or acetic acid is separated from heteropolyacid by being vaporized by a method that reduces the
pressure on the side of the permeate. However, there are no examples regarding methods for
separating a 5 compound that cannot be vaporized, such as a saccharide. In addition, with Patent
Document 6, in order to separate a heteropolyacid by a method using an inorganic membrane, which
does not permegate ¢he:catalystdisselvied i the salutian mind seduting Hae: pressurelondbe permeation
side to separatg the,1Q éo"i%r%gxﬁ‘g the copstifyents to.be eliminaied as \apors, gasifigation afthe -
solvent and the constituents to be eliminated is necessary, at the expense of energy costs. In addition,

molecular sieve Biéfibiafes compiisiig seRE RERE like ard GsétPas ielindfganic memibianés;
however, sincegthe dbmetal oximeseconstituting thelinbeganic nidmbremies havedhe peapertyrof

adsorbing betegapolyacid when syeniparganic nemiyanes pie tisas Lo separale,Beferapolyacid, the

heteropolyacid becomes adsorbe ,glvm %??e to losses in'the separation and récovery, with an
inorganic memBiEHe 28[5008F “°Eliftferhidre SEidthod Has hedR ettt  Wittich uses' ©
heteropolyacid @ fow: gencentration to hydrohizercellalose oy dnstarcer Nongaiet DasuMeEnEs).

Here, silicotungstis acid-is-isedte perfaransaccharification,teaction of seliuleseiat 25606 1skO0C. In
addition, a method has beeg describe ng%e%i@ilgrl\r/ uses heteroBolygl%dCg%%w%%%cceinéragon to
t7)"Th

O reCov L
hydrolyze cellu o%%uarlrtl%%tthe ‘order of 80C (]for instance, refer to Patent Docume ése méthod

have a problenftiithEdsrgTeretcHtne dFseverd s of Hotird - AR HadaitoRP e 19RG 30
description regasgling hetefepolyacid deeycling methad [86809rat cAsaescrikbed abave] indhegethods

for preparing moRosacchatides by /yakalyzing polysacehrides sHhas cellulose,roblemaexst i

the catalyst recycling method, 35reaction selectivity, and the like, and a proposition is sought, “of an

efficient and ecbhbifical frocdss IFWhIcHPhEEE hife BEER s@ged® PSUTOT Riotied #dCin HetHéds for
preparing monesascharides:5dfomecelinlose] heterdpotyacidisniset] ad arcatalystyh i clHeterapolyacid
is an inorggnic 0xQ acid: ahtaingd.rom the-condensation 0BV, QL MOTRSPEEIesOf AKO-atdses
He'geropolyacid_ i}sﬁanticipated to be l_JtsieOd %s a OQ:% %neoojgsacﬁ%lyst '@na \é%rc'ﬁt)é fé Ir}eac}izgin%,haend a
variety of reactiong TE-overy ra poLy ’
method for re-precipitating a monosaccharide with an crganic
sclvent, large amounts of solvent is used for the
re-precipitation, furthermore, after separation of the
20 catalyst, sclvent-removal and dehydration steps are reguired
for concentrating the catalyst, the need for considerable
energy and equipment for these steps is a problem. Inadditiocn,
in the separation method by membrane separation using mordenite
membrane, a catalyst dehydration step is also needed after the
25 membrane separation step. In any case, with the methods of
Patent Document 4, the burden of catalyst recycling becomes high
due to saccharification being carried out with a hetercpolyacid
at an extremely high concentration, and the energy and equipment
costs, furthermore, catalyst costs also, are expected to become
30 considerable.
[0007]
In addition, a method has been described, which uses an
inorganic membrane to membrane-separate a catalyst such as
hetercpolyacid (for instance, refer to Patent Document 6).

35 Here, a method is given as an example, where vaporizable



10 using this are being examined. When attempting to use this heteropolyacid industrially, since
heteropolyacid per se is expensive, losses between before and after the reaction, even if it is small,
have an important influence on the production costs. Thus, after use in the 15 reaction, recycling
through separation and recovery is sought. If a heteropolyacid catalyst becomes applied in a variety of
reactions and many such reactions are carried out industrially, the importance of heteropolyacid
separation/recovery technique increases. 20However, owing to the frequent use of heteropolyacid as a
homogeneous catalyst, the current situation is that separating and recovering heteropolyacid with a
high rate from & teactionsalution sentaining sushtheteropalyacia is, difficudt: Thus; sech @ methiod that

can achieve efficient separation fgy&n@ r%g%%rgﬂwﬁgwygggga‘péipfggbggg%%, ganbe applied to

. S Se &
a variety of reaction s@stems, is desired. As a prior art catalyst separation techniques, for

instance, membiafk §65MIEBEN OFhBIFSFIVACE Uiyl 86 Solyahfde ralerfdetosmbdiEiehibrane

(for instance, refasto=Nan=patent Docanment#}), mngkredovery o dhaggrefate comtainimiging 2

heteropolyacid using:a. membrapednade ofpllraseliioseuith aiore size.oLayavedeen described
r.u

(for instance, refer to Non-patent Document 5), Or, the bility of usigg Nagion 35to sggarate and

) 0SS
recover, from ah AHuiebtis sollitiéh of %E?&Bp&?&&@%ﬁ% a%r‘iet opSIYacia cofcenfaiion of 19, the
heteropolyacid {{H8fRM@12040}.8# 20), hasbéar desériiged (fok MiStancE, FeTEp NG pateritch
Document 6). InNon-patent Documentsidte-6+ examplesiaresteseribed, bria whith aiketerepelyacid
was separated using an o1aanic polymer embrans (hal does ol eguie & AP, Howear
Non-patent Docliment 4, a reverse-osmosis membrarte is used as the meémbrane, and since a
reverse-osiosiahBfibtanerifd géhéraliegaires vpetdtion at arefrelhighiréssife, TRE8RErgY cost

gasification of the solvent and the constituents to be
eliminated is necessary, at the expense of energy costs. In
addition, molecular sieve membranes comprising zeolite or the
like are used as the incrganic membranes; however, since the
15 metal oxides constituting the inorganic membranes have the
property of adsorbing heteropolyacid, when such incrganic
membranes are used to separate Theteropolyacid, the
hetercpolyacid becomes adsorbed, giving rise to losses in the
separation and recovery, with an inorganic membrane.
20 (00081
Furthermore, a method has been described, which uses
heteropolyacidat low concentration to hydrolyze cellulose (for
instance, Non-patent Document 3). Here, silicotungstic acid
is used to perform saccharification reaction of cellulose at
25 £0°C or 100°C. In addition, a method has been described, which
similarly uses heteropolyacidat low concentration to hydrolyze
cellulose at on the order of 80°C (for instance, refer to Patent
Document 7). These method have a problem in the long reaction
time of several tens of hours, and in addition, there is no
30 description regarding hetercpolyacid recycling method.
[0009]
As described above, 1in the methods for preparing.
monosaccharides by hydrolyzing polysaccharides such as
cellulose, problems exist in the catalyst recycling method,

35 reaction selectivity, and the like, and a proposition is sought,



10 becomes high, moreover, since the speed of permeation of the permeates is not sufficient,
separation efficiency is poor. In Non-patent Document 5, a membrane with a pore size of 3 m is used,
which corresponds to a microfiltration membrane; however, a microfiltration membrane in general is for
separating an 15 extremely fine solid, such as a gel, and a liquid, and is unable to separate
homogeneously dissolved heteropolyacid. In Non-patent Document 6, Nafion membrane is used as
the membrane; however, in addition to the permeation rate for the solvent being remarkably low,
separation between heteropolyacid and the 20 solvent is poor. As described above, while

heteropolyacid separation techstiques have-besn desciibed; dheseaneniattherteshnigues irewhich

separation effic:igeélf%(eh s been examined closely, merely applying these cannot fully resolve the loss of

25 homogeneous acid catalysts such as heteropolyacid. In addition, these are not separation recovery
method that can B&dohsidered efficient to the extent of enabling contribution in efficient separation
recovery and effective utilizatien of.30 35iRateat Podemént4 plaganesedk okai Peblichtion:Nes

2008-271787 (Spggificatiqn),Ratent Document :,Jananese Kakai Publigation No, 2009-60828
(Specification)  Patent Document 6: Japanese Kokai Publication NOH]@LZ&?&S 5%%pre§ifi%%téon)
Patent Document 7: Jap&nése ROk utlication N6 CrE 3435013 p&cification) 100 on-patent
Document 1: "Newestitechniology fof Biokwass Eriergyre@yse "M Fublisting €62 LtdC2001)

Non-patent Dogument 2 5 Deyelopment abNewikthanal Resmpatatier d eghniguenfsamfeelkiose
Biomass/Development of Pretreatment, Saccharification and Ethanol Fe me g%ngeegggiggg" (NEDO
Research Repo(ffa 2 Slt‘sl Woﬁ-p%%gﬁt%gcﬁme”n?%? EHlﬁbgAaR}&?éna Ec~)§t71ae other, Journalsof
Applied Pelymei Science) Mol 280 305103057 pr985F Non-patent Document 4:M.A. FEDOTOV and five
others, "Catalysis Letterg k) SAY <k990i Mol 16, ppe4d7i422 et Noppatent Document 5:iGhiye,

e R SRS LS LT e, Sy e e
OF THE INVENEiION Eter the reaction, even if it 1s small, have an lmportant _
influence on the production costs. Thus, after use in the

15 reaction, recycling through separation and recovery is sought.
If a heteropolyacid catalyst becomes applied in a variety of
reactions and many such reactions are carried out industrially,
the impeortance of heteropolyacid separation/recovery
technigue increases.

20 However, owing to the frequent use of heteropolyacid as
a homogenecus catalyst, the current situation 1is that
separating and recovering heteropolyacid with a high rate from
a reaction solution containing such heteropolyacidisdifficult.
Thus, such a method that can achieve efficient separation and

25 recovery of heteropolyacid, and furthermore, can be applied to
a variety of reaction systems, is desired.

0011}
As a prior art catalyst separation techniques, for
instance, membrane separation of heteropelyacid using a

30 polyamide reverse-osmesis membrane (for instance, refer to
Non-patent Document 4), and recovery of an aggregate containing
heteropolyacid using a membrane made of nitrocellulose with a
pore size of 3 pm, have been described (for instance, refer to
Non~patent Document 5). Or, the possibility of using Nafion

35 to separate and recover, from an aquecus solution of



25 Problem to be Solved by the Invention [0014] The present invention was devised in view of the
current situation described above, and an object is to provide means for preparing a monosaccharide
by efficiently hydrolyzing a 30 polysaccharide. In particular, in a method that uses a homogeneous
acid catalyst to obtain a monosaccharide from a polysaccharide, a low energy, low cost catalytic
separation method is provided, and in addition, a method for obtaining high reaction selectivity is
provided. In addition, an object is 35 to provide a homogeneous acid catalyst separation method that
separates a homogeneous acid catalyst from a homogeneous acid catalyst-containing solution with

high efficiency and realizes @-high hpmegengaus asidatalystecoyesy ratioratdavwsenergy eests, and
that is applicable to a variety of reaction s(%/stems. 5 Means for_Solving the Problem,g)%%f] Ars a result
of earnest studié?%%%@ﬁﬁh@enﬂ%[ Sosvared thit in a Miathod 36 préiSaiiig & Rfonosaccharide
by 10 hydrolyzidg: atpolysacchafigs, separainga eatdlyStaatitoi-eergy and low cost was possible

when a catalyst having a;molecutariweighbet20Q ot greates is Usedaihiel Remogengous aciskegtalyst is
separated after the hydrol s%s reaction,land thg se '% [ céacgr' sdi% Mgg,l astone m M
among (A)gmetﬁ"c])ndW for éep%Fa?tﬁ]%ptﬂe%%%oggngisfjgsga&&atal{fst b;ét ﬁ%rfoﬁﬁing hggr%oggen,eous acid
catalyst membrBf@ReparatidiitbatMeRfushifg- redquire a support.  However, 1in

Non-patent Document 4, a reverse—osmosis membrane 1is used as
the membrane, and since a reverse-osmosis membrane in general
requires operation at extremely high pressure, the energy cost
10 Dbecomes high, moreover, since the speed of permeation of the
permeates 1s not sufficient, separationefficiency ispoor. In
Non-patent Document 5, a membrane with a pore size of 3 um is
used, which corresponds to amicrofiltrationmembrane; however,
a microfiltration membrane in general is for separating an
15 extremely fine solid, such as a gel, and a 1iquid, and is unable
to separate homogeneously dissolved heteropolyacid. In
Non~patent Document 6, Nafion membrane is used as the membrane;
however, in addition to the permeation rate for the solvent
being remarkably low, separation between hetercpolyacid and the
20 solvent is poor.

As described above, while heteropolyacid separation
technigues have been described, these are not the technigues
in which separation efficiency has been examined closely,
merely applylng these cannot fully resolve the loss of

25  homogeneous acid catalysts such as heteropolyacid. In
addition, these are not separation recovery method that can be
considered efficient to the extent of enabling contribution in
efficient separation recovery and effective utilization of
homogeneous acid catalysts such as heteropolyacid.

30 10012]

Patent Document 1: Japanese Kokai Publication No. 2005-40106
(Specification)
Patent Document 2: WC 2006-085763 (Specification)
Patent Document 3: WO 2008-0016%6 (Specification)
35 Patent Document 4: Japanese Kokal Publication No. 2008-271787



a molecular sieve membrane, on a homogeneous acid catalyst-containing solution after the hydrolysis
step, (B) method for separating the homogeneous acid catalyst by 20 performing organic compound
thermal decomposition treatment on a hydrolysis reaction residue separated by solid-liquid separation
after the hydrolysis step, and (C) method for separating the homogeneous acid catalyst by performing
homogeneous acid catalyst elution treatment using an alkaline 25 solution or an organic
solvent-containing solution, on the hydrolysis reaction residue separated by solid-liquid separation
after the hydrolysis step. It was found that this allowed the monosaccharide, which is the product, and
the catalyst to bg;separated-and rgcovered sufficiently, and as a 30 result, also allowed the reaction

yield of the monoracehads ips.taised Alig sae Ipne. ibas lsa ounddRat DoysiBdaszg
heteropolyacid as the homogeneous acid ceﬁaﬁ/st, setting the mass proportion of homogeneous acid
catalyst and watéFinthé Hydfolysid reaction to a specific range, or setting the reaction 35 temperature

of the hydrolysis zeactioniio @aspecificdangepanese Kokai Publication No. 11-285625
5 {Specification)
Patent Document 7: Japanese Kokaili Publication No. 11-343301
(Specification)
[C013]
Non-patent Document 1: “Newest technology for Biomass Energy

10  Use” (CMC Publishing Co., Ltd., 2001)

Non~patent Document 2: “Development of New Ethanol Fermentation
Technique from Cellulose Biomass/Development of Pretreatment,
Saccharification and Ethanol Fermentation Technigue” (NEDO
Regsearch Report 2005)

15 Non-patent Document 3: KENICHIRO ARAI and one other, Journal
of Applied Polymer Science, Vol. 30, 3051-3057 {1985)
Non-patent Document 4: M.A. FEDOTOV and five others, “Catalysis
Letters” {(USA), 1990, vol. 6, pp. 417-422
Non-patent Document 5: Chiyo Matsubara and two others,

20  “ANALYST” (UK}, 1987, vol. 112, pp. 1257-12&0
Non-patent Document 6: S. Roy Chowdhury and three others,
“Desalination” (Neth), 2002, Vol. 144, pp. 41-46

SUMMARY CEF THE INVENTION
25 Problem to be Solved by the Invention
(00147
The present invention was devised in view of the current
situation described above, and an object is teo provide means
for preparing a monosaccharide by efficiently hydrolyzing a
30 polysaccharide. In particular, in a method that uses a
homogeneous acid catalyst to cobtain a monosaccharide from a
polysaccharide, a low energy, low cost catalytic separation
method is provided, and in addition, a methed for obtaining high
reaction selectivity is provided. In addition, an object is

35 to provide a homogeneous acid catalyst separation methed that



allowed the hydrolysis from a polysaccharide to a monosaccharide to proceed more efficiently, which
leads ta a preparation method allowing a monosaccharide to be generated with higher reaction
selectivity. 5SFurthermore, the present inventors examined, among the methods for separating
catalysts, methods using a molecular sieve membrane to separate homogeneous acid catalyst, and
focused on organic polymer membranes as molecular sieve membranes. It was found that, owing to
the existence of organic 10 polymer membranes with diverse pore diameters, by selecting and using
an organic polymer membrane according to the molecular size of the homogeneous acid catalyst

contained in the; hgmegengous:agid satalyst-containingselutian, of: aecarding 4@ she moteculay sizes
of the homogeneousﬂaci?‘?rfgata!}/st and of 15 %Iggeosno&h%rgman tQ[% Q r{]gggplgouasna&ig cafalyst when a
solute other thar thd hb og%%e%%%nalcrﬁc? csa?ailyst iS’contained m the %omogengous acid
catalyst-contairing s6lutiormABEDRIYHHedEE6V STy Talio Of tHE ABiTFenedts Add catilySE¢od be
raised, but alsocsigee a latgercapacity Perauscsiiport is Notaequited 2048 Lontrast toywhensan
inorganic rgembrane is used as the separation membrane, the loss of catalyst recovery ratio
Means for Solving the Problem
0015}
As a result of earnest studies, the present inventors
discovered that, in a method for preparing a monosaccharide by
10 hydrolyzing a polysaccharide, separating a catalyst with low
energy and low cost was possible when a catalyst having a
molecular weight of 200 or greater is used, the homogeneous acid
catalyst is separated after the hydrolysis reaction, and the
separation is carried cut by at least one method among {(A) method
15 for separating the homogeneous acid catalyst by performing
homogeneous acid catalyst membrane separation treatment using
a molecular sieve membrane, on  a homogeneous acid
catalyst-containing solution after the hydrolysis step, (B)
method for separating the homogenecus acid catalyst by
20 performing organic compound thermal decomposition treatment on
a hydrolysis reaction residue separated by solid-liquid
separation after the hydrolysis step, and (C} method for
separating the homogensous acid catalyst by performing
nomogeneous acid catalyst elution treatment using an alkaline
25 solution or an organic solvent-containing solution, on the
hydrolysis reaction residue separated by solid-liguid
separation after the hydrolysis step. It was found that this
allowed the monosaccharide, which is the preduct, and the
catalyst Lo be separated and recovered sufficiently, and as a
30 result, also allowed the reaction yield of the monosaccharide
to be raised; at the same time, it was also found that, by using
heteropolyacid as the homogenecus acid catalyst, setting the
mass proportion of homogeneous acid catalyst and water in the
hydrolysis reaction to a specific range, or setting the reaction

35 temperature of the hydrclysis reaction to a specific range,



attributed to the adsorption of catalyst onto the porous support could be avoided. In addition, it was
also found that, by using an organic polymer membrane having a pure water permeation rate 25 of 1
g/min/m2 or greater at 25C and 0.1 MPa, the solvent permeation rate became sufficient, allowing
homogeneous acid catalyst to be separated from the homogeneous acid catalyst-containing solution
with high efficiency. Since such membrane separation using an organic polymer membrane can 30
efficiently separate homogeneous acid catalyst regardless of the homogeneous acid catalyst
concentration of the homogeneous acid catalyst-containing solution or the molecular weight of the

homogeneous acid satalyst, itwas fiolind 40 pe:particolareffeetive i caseswhere highly:effective

separation and %g recover 5(1)3]; Qgénc%_%eneous acid cataly%t_ fP:lLJ(!:di n%t;ctie re%lgfghWEh Porart

&OSF‘?C tpnrci;ce ol mofge c\)/

homogeneous acid catalyst separation me hoc?s‘, such as’in‘’case homodeneous acid cafalyst is to be
separated fromRESGIGEGT WA FiGH Hofh Ggerentia Gcid Batihyst ContERtiatick oP fh E85€ Rehfsyeneous
acid catalyst contained inthe:5 hemogenrous aeidtcatalyst-containing solution is monomeric.

Furthermote, it was alsq.found that, in casg.a sollte.athey than hamoasneous agid alalystis,

contained in the homogeneous acid catalyst-containing solution and the solute other than

homogeneous &id 24ty St3e afi GrGARIE COPPGHNL Eiicd ar B0 Brgkhi& PoRér MembBriné has high
affinity to the orgaricecompounanhormogengousadoid tatalyseoeuld besepdrated sdadily by dittering the

homogeneous acid.catalysiscontaining solution while stilipdiguickiorm, dt was, toundthat.gyber such
an organic polymer membrane is used,%g segI rﬁting the homg$er}$ous 15 gcid cata%yst and other
constituents fro%e%rﬁ&ﬁggenégu"%aﬁci At 3 Foht %%ﬁ&so i, the Romogeneou

olution mogeneou"ér %%félé:atalyst
could be fdlectatbwitharhigieiection ratidiahths Dthep tordtitients tould bespamidatad witd a high

permeation ratig withgut gharging therphasgof the eppstitbentsdnthe sglution:he molecular
size of the homogenecus acid catalyst contained in the
homogeneous acid catalyst-containing solution, or, according

to the molecular sizes of the homogeneous acld catalyst and of

ib solutes other than the homogeneous acid catalyst when a solute
other than the homogeneous acid catalyst is contained in the
homogeneous acid catalyst-containing solution, not only the
recovery ratio of the homogeneous acid catalyst couldbe raised,

but also, since a large—capacity porous support is not required,

20 in contrast to when an inorganic membrane 1s used as the
separation membrane, the loss of catalyst reccvery ratio
attributed to the adsorption of catalyst onto the porcus support
could be avoided. In addition, it was also found that, by using

an organic polymer membrane having a pure water permeaticn rate

25  of 1 g/min/n® or greater at 25°C and 0.1 MPa, the solvent
permeation rate became sufficient, allowing homogeneous acid
catalyst to be separated from the homogeneocus acid
catalyst-containing solutionwith highefficiency. Since such
membrane separation using an organic polymer membrane can

30 efficiently separate homogeneous acid catalyst regardless of
the homogeneous acid catalyst concentration of the homogeneous
acid catalyst-containing scolution or the molecular welght of

the homogenecus acid catalyst, it was found to be particular
effective in cases where highly effective separation and

35 recovery of homogeneous acid catalyst could not be realizedwith

10



20 and an efficient separation at low energy costs was possible. As a result, the inventors have come
to a conclusion that the above-mentioned problems can be solved well and thus have accomplished
the present invention. The method for preparing a monosaccharide of the present 25 invention is a
preparation method having a common technical thinking on the point that a homogeneous acid
catalyst is separated by carrying out a specific treatment on a specific target that is a solution after
hydrolysis reaction, which contains a homogeneous catalyst. 30[0016] That is to say, one of the
present invention is a method for preparing a monosaccharide constituted with the following (1) as

being essential and another oftheqresenlinyention isa Dggtogseﬁp@%@f%caﬁ@%&@%pa@@n
method constituted with 35 th followirg%ﬁelj\?g as bein essgntial. . hetpreferred modeg ocf{ tpe Opresent
invention are c@r?stﬁﬂ]teﬂaﬁﬁfagv%f)ﬁl% iy () 16 T2y and (14) and (1%)° oF A'conidination
thereof. Other prefarted: fodesivill Beldésdriveedssleny ()38 hibthad Foivprepafing eivhbasS&ccharide
by 5 hydrolyzing a pelysaggharide using-nbemegengous agid eatalyst, wherein theimethod cemprises
a hydrolysis step ol nCioleind 2 Rolysacchpyde Lsing 8 homopensaus add Gatalystuith aimolecular
weight of 200 or greater to generafle a monosaccharide; and a Separation step of the homogeneous

acid catalyst aftef 101861y Sis, Hhd e 3eparatom Stéh feludBsCatigadt dne dtepdeiscie the
group consisting@ﬁd@@ﬁﬁl@m&ng dAYite eé@ lvst (A9 a:ste@adfrﬁﬁmaratmdhedmege@waamd
catalyst by peffeg@g@mﬂ%%%@@d catalystmembrane separation,treaiment ising a mglecular

sieve membrane, on a homogeneous 15 acid catalyst-containing solution after the hydrolysis step;

(B) a step of sePARAFYIRE honityEhetas atitlatdlysty parismifig IR ESmpSdit theffal
decomposition tregiment apcel hydrolysismeastion fresiue isgparaidéd by splid-tiquid separation after the

hydrolysis step.apgh20((), aistep gkseparating thehemeogencous agid catalyst-by perfosning v
homogeneoug acid.c t,a] st eIuti%n treatment using an al .alinceaiolg io_rg:or nor annicS Tutio
solvent-contam% Sj(_) UEI%I;’J:]?(Y)IH t%eeiﬁy(?r%? ‘lesnree%%%oancr:iésﬁ&e seﬁarate(?By soﬁl i uw?separart]lon
aﬁerﬂughydnﬂygggﬁe@till in liquid form. It was found that, when such an
organic polymer membrane is used, in separating the homogeneocus
15 acid catalyst and other constituents from the homegeneous acid
catalyst-containing solution, the homogenecus acid catalyst
could be rejected with a high rejection ratio and the other
constituents could be permeated with a high permeation ratic
without changing the phase of the constituents in the solution,
20 and an efficient separation at low ensrgy costs was possible.
As a result, the inventors have come to a conclusion that the
above~mentioned problems can be solved well and thus have
accomplished the present invention.
The method for preparing a moncsaccharide of the present
25 invention is a preparation methoed having a common technical
thinking on the point that a homogeneous acid catalyst is
separated by carrying out a specific treatment on a specific
target that is a solution after hydrolysis reaction, which
contains a homcgeneous catalyst.
30 [0016]
That is to say, one of the present invention is a method
for preparing a monosaccharide constituted with the following
(1} as being essential and another of the present invention is
a homogeneous acid catalyst separation method constituted with

35 the following {13) as being essential. The preferred modes of

11



25[0017] (2) The method for preparing a monosaccharide according to (1) above, wherein the
hydrolysis step is a step of carrying out hydrolysis with a proportion in mass between the
homogeneous acid catalyst and water present in a reaction system in the range 300of 0.1:99.9 to 50:50,
during the hydrolysis reaction. [0018] (3) The method for preparing a monosaccharide according
to (1) or (2) above, wherein the homogeneous acid catalyst includes an organic compound having a
sulfonic acid group and/or 35 a heteropolyacid. [0019] (4) The method for preparing a
monosaccharide according to any of (1) to (3) above, wherein the homogeneous acid catalyst includes

? h(it)ergpoIy«'iciﬁdne">[9(j}t?ﬁ®emt hj(g)véh% mﬁ{hé)gé%@ﬁ%@ﬁl._ r%_rtgt@gl@apsﬁpyr@fid@f@d @{qm@ﬂ@@y of (1)
0 (4) above, wherein od.c rises.a recycling step of recaverin recycling
homogeneous égigd Egta@gfsgﬁla?afgﬁn ﬁ1ned séggﬁldtig% s?e%?%[b%%]log %?6% ]:I%%%rhetﬁ;g(? ?orr
preparing a manesiectiEitleractording 1o (Hrabt\Rs WHetdintfié $¥cycling step is carried out
in;]mediately after the separatign step:indhe Merosacehatide preparation methodHER{QG22] by (7)
The methad for_preparing a mangsacchari cording [ rolysis is
carried ou?at a%igfﬁ c; o t%elr%1 gear%a%) reyo%]%o%%%crl r%%%%%%?ﬁﬁ?/%ro )%é)ll éé %){'13’:))82(\50g [%V(%%i ﬁs@%} The
method for prep&fiG AmbhEsBEHAII REEdT difgTtotahy BF P Y6 17) 8b6%e AWhBYSHA the 2+
polysaccharidesis aqiojysaccharidelebtainedthroughrecgretreatmer steb insluaingsdt ledstlone among

a desalting step, g delignification gtep and 82,2 Bemuceliulosesemovat stepnddladlccharide,

and a separation step of the homogeneous acid catalyst after
10 hydrolysis, and the separation step includes at least one step
selected from the group consisting of the following (A) to (C):
(A) a step of separating the homogenecus acid catalyst
by performing homogenesocus acid catalyst membrane separation
treatment using a molecular sieve membrane, On a homogenecus
15 acid catalyst-containing solution after the hydrolysis step:;
(B) a step of separating the homogeneous acid catalyst
by performing organic compound thermal decomposition treatment
on a hydrolysis reaction residue separated by solid-liguid
separation after the hydrolysis step; and
20 (C) a step of separating the homogeneous acid catalyst
by performing homogenecus acid catalyst elution treatment using
an alkaline sclution or anorganic solvent-~containing solution,
on the hydrolysis reaction residue separated by solid-liquid
separation after the hydrolysis step.
25 (00177
{2} The method for preparing a monosaccharide according
to {1) above, wherein the hydrolysis step is a step of carrying
out hydrolysis with a proportion inmass between the homegeneous
acid catalyst and water present in a reaction systemin the range
30 of 0.1:99.9 to 50:50, during the hydrolysis reaction.
[(0018]
(3) The method for preparing a monosaccharide according
to (1) or (2) above, wherein the homogeneous acid catalyst
includes an organic compound having a sulfonic acid group and/or

35 a heteropolyacid.
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(9) The method for preparing a monosaccharide according to any of (1) to (8) above, wherein the
molecular sieve membrane used in the step of separating the homogeneous acid catalyst 30 by
performing the membrane separation treatment i a molecular sieve membrane using an organic
polymer membrane and a pure water permeation rate of the organic polymer membrane is 1 g/min/m2
or greater at 25C and 0.1 MPa. [0025] 35(10) The method for preparing a monosaccharide according
to any of (1) to (9) above, wherein the organic polymer membrane is a nano-filtration membrane or an
ultrafiltration membrane. [0026] (11) The method for preparing a monosaccharide according 5
to any of (1) to ([1{5)@ @@Pve, wherein the organic polymer membrane is a polymer membrane having a
cation-exchange group. [OO%.—{E? (12) The method for preparing a monosaccharide according to
(11) above, wherein the'drg '@&W&%ﬁb%@%@%&ﬁy%&qgﬁw Ah&having’ Sgﬁﬁ%ﬁic acid
group. [0028] to #13) AniéthadbfdBsephrating ahisormbgehdousarid catiyst frioaradsdmegeteous

acid catalyst-coptainingsolution. wheseip the saethod comprises a step of separating the
homogenegus %8@ yst by performing homogeneous catalyst membrane separation treatment using

a molecular sieﬁe membrane, and the molecular sieve membrane is a molecular sieve membrane
using an organic polyméPmeribraife. apd & Purd VFREr pefnéalicn PaR G the brgafic polymer

membra_\ne is 1 géniin2 of greater-at 250 2@5@@@,1 MRar 0029 he m@é&)a'dilecmet_p;oﬁsfes a
separating a hoplogenegys 2%'959%@%%@@0‘98@98 ©0(13) Hfi‘ﬁ’%etrﬁ@ 1%%%88%%%99'%%
membrane is a nand-filtration membrane or an ultrafiltration 25 membrane. [0030] (15) The

method for separating S homdganédicaditl cabaly SEREBRdNG To P55 (14) above, wherein the

organic pblymer fifeMBrane is a polymer membrane having a cation-exchange

(6) The method for preparing a monosaccharide according
to (5} above, wherein the recycling step is carried out
immediately after the separation step in the monosaccharide
preparation method.

15 (002271

{7) The method for preparing a monogaccharide according
to any of {1} to (6) above, wherein hydrolysis is carried out
at a reaction temperature of 100°C or higher in the hydrolysis
step.

20 T0c23]

(8) The method for preparing a monosaccharide according
to any of (1) to (7} above, wherein the polysaccharide is a
polysaccharide obtained through a pretreatment step including
at least one among a desalting step, a delignificaticn step and

25 a hemicellulose resmoval step.
[0024]

(9) The method for preparing a moncsaccharide according
toany of {1) to {8) above, wherein the molecular sieve membrane
used in the step of separating the homogeneous acid catalyst

30 by performing the membrane separation treatment is a molecular
sieve membrane using an organic polymer membrane and a pure
water permeation rate of the organic polymer membrane is 1
g/min/m® or greater at 25°C and 0.1 MPa.

[0025]
35 (10} The method for preparing a menosaccharide according

13



30 group. The present invention will be detailed below. [0031] The method for preparing a
monosaccharide (the monosaccharide preparation method) of the present invention 35 comprises a
hydrolysis step of hydrolyzing polysaccharides using a homogeneous acid catalyst with a molecular
weight of 200 or greater to generate monosaccharides and a homogeneous acid catalyst separation
step after the hydrolysis. The monosaccharide preparation method of the present 5 invention can be
used for preparing glucose, which is a monosaccharide species, from a biomass such as
lignocellulose. One example of process flow for preparing monosaccharides from biomass is follows:
first, pretreatments sych.as pulverzing andhot water tieatment ajeeatied-eutansthe caw raaterial 1
biomass, and saccharlficatigg.(?gdrqlﬂysi?_? IS cakr)ried out by addigg a @ng%@eﬁus I%ggrqb%%glé(st. From
the saccharificatidn“sdlatiGn obtaiféd in this (\?vnéyrcaorh?aﬁn& monosaccharidés an homogeneous acid
catalyst, homogehea@s acid catalyst is separated, monosaccharides, which are the products, are 15

obtained, and at the same fimeneeeevery oftbe horapgeneas acie catadyst is-careiectaut: Asray
method for.separating Iie nomagenaoysacid, catalysl. ere s dne Bieihod of eagying o meubrane

separation treatment using a molecular sieve membrane on the saccharification solution containing the
20 monosacchatitled dritiBHoMGgEHEoY A8 ¢RIt AR Tadiftion: tHEred€ the ¥thod of treating
the saccharificafion zolution containing the monosaccharides and the homogeneous acid catalyst by

solid-liquid separation tq sepafafe the-feagtion residye and the reactian selution sand-pertafming 25

organic compound thermal decomposition treatment on the reaction residue, or, the method of
performing a hohfoderneotiRBETd CataySreiion Fedndnt H&ﬁéné%raﬂ?ﬁ & Yofution’of an‘organic
solvent-céMtainmgrsotution o theueaction kdsidde. Whed canying: out solid-liquid separation, the
homogeneous acid 3@ catalyst remaining in the reaction solution can be further separated and
recovered by carying out membrane separation feaimentising.a moleslarsieve membrapg on the
reaction solution separated from feaction residue: fndaitior, mem%rane separatloﬁ/ treatment
maybe carried 3568t Bsia AFSIBEWEr SV RERTrane oRthESheERarificationt SBIUTBHEStININng
the monosaccharidesmanththe homegenaeous acidwatalyst, ancberganic:compeunddhernalecus

decompogifjon sl b formed o the optgined salutian confaining;the homageneous

acid catalyst after separating the 5 monosaccharide, or, homogeneous acid catalyst elution treatment
using an alkalin® SRR iGah BrgamE ShIvEnt D difhG SBRABHEY bEPRHETEd Gitthe Féaction

residue. molecular sieve membrane is a molecular sieve membrane using
an organic polymer membrane, and a pure water permeation rate
of the organic polymer membrane is 1 g/min/m? or greater at 25°C
20 and 0.1 MPa.
[0029]

{(14) The method for separating a homogeneous acid
catalyst according to (13) above, wherein the organic polymer
membrane is a nanc-filtration membrane or an ultrafiltration

25 membrane.
[0030]

(15} The method for separating a homogenecus acid
catalyst according te (13) or (14) above, wherein the organic
polymer membrane is a polymer membrane having a cation-exchange

30 group. ,

The present invention will be detailed below.
[C031]

The method for preparing a monosaccharide (the
monosaccharide preparation method)} of the present invention

35 comprises a hydrolysis step of hydrelyzing polysaccharides

14



One example of process flow in preparing monosaccharides 10 from biomass is shown in FIG. 1.
Hereafter, the homogeneous acid catalyst separation step of the monosaccharide preparation method
of the present invention will be described first, then, the hydrolysis step of generating
monosaccharides by hydrolyzing polysaccharides, 15 pretreatment of the polysaccharides, which are
reaction starting materials, and the monosaccharides, which are the products, and the like, will be
described. Thereafter, the homogeneous acid catalyst separation method of the present invention will
be described. 20[0032] The monosaccharide preparation method of the present invention

comprises a hydrolysis step,pbhyvdrelyzing.palysaceharides using,a:namogeneous acid eatalyst to
generate monosaccharides, and a homogeneo%s acid catalgst%sevpaéation 23 steg after h}{({\z:isrool!1 Sis,
both of which m ?/OoéD EaftetP it onice, Br Wy b€ CArmed But wo or moré times. i ddition, other
steps may be ineitided-as fohgsds thesa stapsaresinelidedier Whiletéoniégéneous acid catalyst

separation step after hygrelysis includesatleast onesselecteddronmthengroup 80wonsistiag ofi (A) a
step of sepgrating i pomoedgngousacid calelvsl by peramning homegensans aad caras! -
membrane separaYion reatment using a mglecuTar sieve em]brgne, on the homogeneous acid
catalyst-contairfiiiy S61aG6R aftbf thé P aictysis IR B) a¥tes dFEsEparafiny tHB Horogeredhs acid
35 catalyst by perferangtganit eompeurd thermabdescomposition rreatmentan thelhydifolysis

reaction residug,separated by solid:liguid senaration after the hydrolysis; step: angd(C) 2step-0f

separating the homog'eneous acid catalyst by performing homogeneous acid catalyst elution treatment

using an alkalin@'s5ittiol dF 8h drgSAic SolentE8nfinihg Solftion, BR thé fydrty < Féactidh
residue séparateddnesalid-kguid separationfafter the hydralysis kyep, 50 may also inchstlevtiio loy more
of these. In order{giinerease ous-acidcatalystseparation effisiencyfugther itispreterable
that 10 two or more from éA)) t(% C)narg iygl%qgg.s I\(ildoare pg:re%‘iecrgjl:gIneiilsl tor!x%%%d% A aand S:iBe)s [0%3&3]
Since the stepss(%;a%nldo( ) a%ovjé are for separating¥hecf1omogene%us Acid cata ysﬂ'rom aahydrolysis
reaction residud:59@eehES beeh Separated by Solidliguid sesaratona sSI/-ligaiEcsepatation is an
essential step whemearrdag owdhe stepsHBy and{C), whereas she stepA) beingdersepaeating the
homogenegus agid catalyst f he ho n acid ¢ -containj I lid-liqui
separatiog g|s no?%%ag é s%%nsﬁ agf 9%1 oénts gglu%r%%/s%veﬁ%ﬁ teh'e QS%%%%%% 852 p? g?g%ﬁ@%gg 1irl]sergl5 %ég% <(‘:(1,}Kls&sge ntial

step in the mon68&échatitle brepafatiorthethidl of tHeSprésdhft iivhtion it iS prétsablid® &y out
the solid-liquid separgtiore:step arartlerdadricrease the recavenhratiosforthe Morosacchgrides and

the homogeneoys 25 acid catplyst « ; o8 ,50lid-igHid separationnethods, Pressye filtrasion.dilter

press or the like), aspiration filtration, squeeze separation (screw press or the like), centrifugal
separation, preéipitatioh"Separatioh (d8caratiéi 6P the Iiké’f h'the COntal%mg the
20

moncsaccharides and the homcgenecus acid catalyst. In
addition, there is the method of treating the saccharification
solution containing the moncsaccharides and the homogeneous
acid catalyst by solid-liguid separation to separate the
reaction residue and the reaction solution, and performing
25 organic compound thermal decomposition treatment on the
reaction rasidue, or, the method of performing a homcgeneous
acid catalyst elution treatment using an alkaline solution or
anorganic solvent-containing solution on the reaction residue.
When carrying cut solid-liquid separation, the homogeneous acid
30 catalyst remaining in the reaction solution can be further
separated and recovered by carrying out membrane separation
treatment using a molecular sieve membrane on the reaction
solution separated from reacticn residue.
In addition, membrane separation treatment may be carried

35  oub uging a molecular sieve membrane on the saccharificaticn

15



30 like, can be used, with no particular limitation. Among these, pressure filtration and squeeze
separation are preferable from the point of processing speed. [0034] In the solid-liquid
separation step described above, 35 further washing with water the reaction residue obtained by
carrying out solid-liquid separation by filtration or the like is preferable. This allows the
monosaccharides remaining within the reaction residue to be recovered in the water used for washing,
allowing the yield of monosaccharides to be 5increased. [0035]  Organic compounds such as
non-decomposed polysaccharides, the catalyst, and the like are contained in the reaction residue.

With the step (B), the hgmagsnegqus agid catalyshisseparated 10y pedormingrasthesmakous
decomposition treatment of{he %rganic compound. It is Bkecfegg(l?erthaathget%rggerature. for the

thermal decom‘ﬁ8§‘i ol ?rggt ént'is to ,85‘6&?” [ower thar 3 fhe organic cgr(%sf)%ﬁ:ﬁ r%nay not

be decomposed z@@italizninated’ I5esufficientyicrt Higheh thal p:000t grelcHtalyst Aidyisening
decomposed. Meke prefesahie is=35@ to 1,090C, andevepsmorepreterablesispA0f:t0i6Q0C. the In
addition, while the duration of the thermal decrcl) 0 é%%ggatng@{ may he set suitable,according to
the 20 amV\cg):mt%?{hoesﬁe%%ﬁgﬁ%é%idueﬁgtb 1,0(%;8(%n%$nutes Is preferable. If shorter than 1 minute, the

organic compolifi M&FRGt be'dlivfifiated sufiitierly 1t fonge? #Hn PB00 Finutéd, the &ffierty of the
separation stepsdécreases.dviarei preferabtel is5 ton56@ yninates; ahd:even more preferaie is10 to
200 25minutes. [00836],. . The step (C) above is a step of eluting the homogeneous acid catalyst by
adding, an alkaline solution or an organic solvent-co ainin%solution to the reaction reﬁidu,e that has

u

30 been separated by BRI SEp&ratoh SEithel Brie sPEERE Fron? diAline Kottt -ar

on andsorganic
solvent-cbtainfngpsolutionassy be usédwor the alkdlinelsolution and the organic solvent-containing

solution may be mixed apddised.[0037]:30As sekiions d0-be ysesn 1he step phekiingther ep
of the monosaccharide preparation method of the present
invention will be described first, then, the hydrolysis step
of generating monosaccharides by hydrolyzing polysaccharides,
15 pretreatment of the polysaccharides, which are reaction
starting materials, and the monosaccharides, which are the
products, and the like, will be described. Thereafter, the
homogenecus acid catalyst separation method cof the present
invention will be described.
20 [0032)

The monosaccharide preparation method of the present
invention comprises a hydrolysis step of  hydrolyzing
polysaccharides using a homogeneous acid catalyst to generate
monosaccharides, and a homogeneous acid catalyst separation

25 step after hydrolysis, both of which may be carried out once,
or may be carried out two or more times. In addition, other
steps may be included as long as these steps are included.

While the homogeneous acid catalyst separation step after
hydrolysis includes at least one selected from the group

30 consisting of (A) a step of separating the homogeneous acid
catalyst by performing homogeneous acid catalyst membrane
separation treatment using a molecular sieve membrane, on the
homogeneous acid catalyst~containing solution after the
hydrolysis step; (B) a step of separating the homogeneocus acid

35 catalyst by performing organic compound thermal decomposition

16



homogeneous acid catalyst, while either of an alkaline solution and an organic solvent-containing
solution. may be used, it is preferable to use an organic solvent-containing solution. If the organic
solvent-containing solution is used, separation can 5 be performed without the acid catalyst being
neutralized. When the alkaline solution is used, although the acid catalyst becomes neutralized, the
catalyst can be separated with a high recovery ratio. [0038] 10When eluting the homogeneous acid
catalyst, it is preferable that the amount of solution used with respect to 100 mass% (solid content) of
reaction residue is 10 to 10,000 mass%. If the solution is less than 10 mass%, the catalyst may not be
elated sufficiently.lf the-salution ismerenthanst0,006 mass%: 16:the-eatalyst congentratiea degreases
extremely. More preferable is 50 to 1,000 mass%,.and even more preferable.is 100 .to 50 s%.
[0039] For the e?f’é:){vlegélqkalI{l:ﬁ“\‘e:[“soIﬁﬁgr‘%1 ,ré'il séﬁj%o%%o %%egéretw%é (gf{ %go{r%e sg%%%e’s gfgéiis kae?r?;ag

compounds suét-88 SodiGRPRHEXTS, PetaBSUATRYGOXIEE CattitiftRydrdkidy anamaghesiim
hydroxide can bewsed-Amangibese -sediupehydioxide-and calciurarttydrexide ane preferable: More

preferable s sodiym.hydroxide. 23100401 . ; - As.arganic solyanis used insihe.aboye organiey e

solvent-containing solution, one or two or more species from acetone, ethanol, bu ané)l,%pégoeelagol,

methanol, dietH}¥ &t et Yeirahy dibftiran ShethyF ety Retoié Fexane  and the ! t8n tsed.
Among these, acatens; tethanelf batardl arid/diethyy etersdrerpreferabiy Moreopiaferabieid-acetone.

- [0041] As long gs it is,an alkaling.galution, the abaye alkaling selution May Gantain other capstituents
than the above alkallge 35 comr%ound. As oft?er constltu%gitgt;?r mstan:fzé water.a a{lhca%olvent

nd.or
may be cited. A%agr% Kit's6178) Athodeé men igﬁgggﬁoye, and te fike, mgyrgéf%ﬁg . The organic
solvent-coftainintpselation aisd, meloffylas it cOhtains thé oEdaifie dolveft inay cohtdin bitfer: S
constituents. As gthefciude (A) and (B).

[0033]
Since the steps (B} and (C) above are for separating the
homogeneous acid catalyst from a hydrolysis reaction residue
15 which has ©been separated by scolid-liguid separation,
solid-liquid separation is an essential step when carrying out
the steps (B) and (C), whereas the step (A) being for separating
the homogenecus acid catalyst from the homegeneous acid
catalyst-containing scolution, solid-liquid separation is not
20 essential. Consequently, while the solid-liquid separation
step is not an essential step in the monosaccharide preparation
method of the present invention, it is preferable to carry out
the solid-liguid separation step in order tc increase the
- recovery ratiocs for the monosaccharides and the homogeneous
25 acid catalyst.
As solid-liquid separation methods, pressure filtration
(filter press or the like), aspiration filtration, squeeze
separation (screw press or the like), centrifugal separation,
precipitation separation {decantation or the like), and the
30 like, can be used, with no particular limitation. BAmong these,
pressure filtration and squeeze separation are preferable from
the point of processing speed.
(00347
In the solid-liguid separation step described above,

3%  further washing with water the reaction residue obtained by
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5 constituent, water may be cited. In the alkaline solution, the content of alkaline compound is
preferably 0.01 to 10 mass% and more preferably 0.1 to 5 mass% when the entirety of the alkaline
solution is 100 mass%. 10In the organic solvent-containing solution, the content of organic solvent is
preferably 10 to 100 mass% and more preferably 30 to 80 mass% when the entirety of the organic
solvent-containing solution is 100 mass%. [0042] 15Next, the step (A) above and the homogeneous
acid catalyst will be described. Membrane separation in the present invention is for separating the
catalyst and monosaccharides, which are the products, using a separation material having a

membrane shapg 20, ¢ separation memhrane:)s Separation membranes can he-classified ageerding to

the separation princ#)Ies ther%%féfor inﬁggnceé I g%i;ica':tgg i%:1 %ossible nto t{}gse b%se%ga%lmaeg

i
molecular weigﬁtsdi é:reeﬁggg‘, ose based on differences i |on|8i?>ls,afﬁgse based on

hydrophilicity-hydrophobieity difarehées, ard 2S14Re ke Thexeparatish merhbran&dsed Hef
present inventiansis based ondghe mplestargweight differerrces rSepatatien otembirans basedoen
molecular \é/eigfﬂtng:iggraeggﬁ is in other words a molecular sieve membrane, the separation membrane
used in the present invention is thus a molecular sieve membrane. A 30 molecular sieve membrane is
a porous membkaAe ahd separates compounds according to the size of the pores thereof. [0043] As
parameters representingdhe properties:afce moletularrsievedmentiyane dncléadacwkight datseff and

phOfe ﬁiametef MY %%Q%ﬂ}%@;ww@t@cy@ﬁ%'@@%ﬂ-@&fﬁ@@%ﬁm{%ﬁﬁJ;Qai/&%%!om;ﬂ@%qlaﬁwleighlt
that the separathn memprane can r jeCt. n the present invention,, the ecular weight o molecule
i atoAT B i WeigREAR T T

I
of which 90% id'reféctbd by thaRseparation MBmbr&Te defiied 58 theMolediiar Weightcut ,
addition, i)the presemtBoinvention, riviaadar deightcs-off oftherseparaivn eiefibrafé $806,000 or
less from the aspagt of;separation efficiency. More preferable is 300,000 or less, even more preferable

is 100,000 or less and a range of 200 to J?C)}%t%%%%m%g pr@é%[nré?glfeaég tge%%e gi,%’n%tﬁég@f

. S re r
separation membrane, on avernge, 0" 6. . 0 nanometers is preferable, 0.05 to 500 X
nanometers is morepreferableand 0t eT0faAdMéters idéVER mord prefepableian 300°C,

the organic compound may not be decomposed and eliminated
15 sufficiently. If higher than 2,000°C, the catalyst may bke
decomposed. More preferable is 350 to 1,000°C, and even more

preferable is 400 to 600°C.
In addition, while the duration of the thermal

deconmposition treatment may be set suitable according to the
20 amount of the reaction residue, 1 to 1,000 minutes is preferable.

If shorter than 1 minute, the organic compound may not be

eliminated sufficiently. If longer than 1,000 minutes, the

efficiency of the separation step decreases. More preferable

is 5 to 500 minutes, and even more preferable is 10 to 200
25  minutes.

[0036]

The step (C) above is a step of eluting the homogeneous
acid catalyst by adding, an alkaline sclution or an organic
solvent-containing solution to the reaction residue that has

30 been separated by the solid-liguid separation. Either one
species from alkaline solution and organic solvent-containing
solutiocn may be used, or the alkaline scolution and the organic
solvent-containing solution may be mixed and used.

[06037]
35 As solutions to be used in the step of eluting the
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[0044] As species of the molecular sieve membrane, 15 ultrafiltration membrane, dialysis membrane,
nano-filtration membrane, reverse-osmosis membrane may be cited, preferably ultrafiltration
membrane and nano-filtration membrane, and most preferably nano-filtration membrane. [0045] 20As
materials for the molecular sieve membrane, organic membranes such as carbon membrane,
regenerated cellulose, cellulose acetate, nitrocellulose, polyvinylidenefluoride, polytetrafluoroethylene,
polysulfone, polyether sulfone, polyacrylonitrile, polyvinyl chloride, aramide, polyimide, 25 aromatic
polyamide, hydrophilized polyamide, polyester, polyethylene oxide, polyvinyl alcohol, polyethylene,
polyvinylacetate, polyamine acikl: aad: shese,with agatiensexchangs graup niodyeesk and irerganic

membranes such gs zeolite, aluming, siica, slicalte, and siicgne may, bie.30 ited, Brefered;are those
with high stabiliﬁlnaggms? ag%}hea% and pressure, pre?era%ly, ca?bon mem rane,wregeherateg
cellulose membpaisé coetiplose:acttate HeABFARE, DSIYSUIRSHe 1HeRi ARd NSofethtr Seffone ©
mem.brane, aromaéic;p@WMMamﬂWaﬂﬂ@z&dbal@@aﬂd‘mmbraaepae@me}mienmﬁe}ne, 35
alumina m%mbfﬁggé@@éﬂh‘%é‘m{%@ﬂ%-&@%&i@% Qiganic, membranes with-pagticularly high

stability, such as regenerated cellulose membrane, cellulosée acetate mergbrane, olysulfo

) e
membrane, polyethefsulfohE embrate: omatic 55 amide membrane . Ry drophili Sdcpao#1 Shide
membrane, and;¢heseswithea :oalibnexchangecgroupyinttodacede ase preferatsier j0046] h1igAs

shapes of the molecular-sieyg membrane, tube-shape,
bag-shape,holloggfé%er-shape,flatmembrane-shape, spiral-shape, and the like, may be cited.Preferable

is 10 tube-shap t8r1nembrane-shape, hollow fiber-shape, spiral-shape. More preferable is
spiral-shapé. As thickné&seof thelveibianel €0 mATBE RIsSG8 preftable, d2min BP fess stmoté
preferable and @.1-may gbless-is ayvemmernedqratedbleo[0047bi5Asdhesmolecuapsievermensiorane,

concretely, the followng.nay e cliedYlafluationmembianes man faciyies by Ralt Gorporation:

Omega series, K?p%saﬁs ries; ultrafiltration’membranes manufactured by Asahi Kasei Chemicals

Corporation: MiéfoZ2 &P5&ericst Miciszd SPiséhied) AP Mieros /A Eeriest jiddzd"8W R&fieband
Microza KCV series; adtrafifrationanembranes marufadtutedbbyiNitto Denke CofpotatiionaNFW2120
and R550; 51anoc-ﬂlgratlgg{gqr}pg){aneédg@%f@f%ggpy Njtte Renko-Corporatign: NTR-72505 re
NTR-7259, NTR-7410 and NTR-7450; reverse-ogsmosis, membranes manufacture ‘ .
preferable is 50 to 1,000 mass%, and even more prerferable 1is
100 to 500 mass%.
[0039]
For the above alkaline solution, a solution of one or two
20 ormore species of alkaline compounds such as scdium hydroxide,

potassium hydroxide, calcium hydroxide and magnesium hydroxide

can be used. Among these, sodium hydroxide and calcium
hydroxide are preferable. More preferable 1s sodium
hydroxide.

25 [0040]

As organic solvents used 1in the above organic
solvent-containing solution, one cor two or more species from
acetone, ethancl, butanol, propanol, methancol, diethyl ether,
tetrahydrofuran, methyl ethyl ketone, hexane, and the like, can

30 be used. Among these, acetone, ethanol, butancl and diethyl
ether are preferable. More preferable is acetone.
[0041]
. As long as it is an alkaline solution, the above alkaline
solution may contain other constituents than the above alkaline

35 compound. As other constituents, for instance, water and
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25 by Nitto Danko Corporation: NTR-70, NTR-759, E5-40, E5-20, ES-15, E5-10, LE590 and LF-10;
ultrafiltration membranes manufactured by Millipore Corporation: Biomax membrane and Ultracell
membrane; ultrafiltration membranes manufactured by Daicen Membrane-Systems Ltd.: NADIR UH
series, NADIR UP series, 30 NADIR US series, NADIR DC series and NADIR UV series;
nano-filtration membranes manufactured by Daicen Membrane-Systems Ltd.: NADIR NP010 and
NADIR NPO030; reverse-osmosis membranes manufactured by Daicen Membrane-Systems Ltd.:
NADIR SW; nano-filtration membranes 35 manufactured by Toray Industries,Inc.:SU series;

reverse-osmosis,membranes manufagtured by Teraydndusides, IngnSY seresauL sergs aad SC
series; ultrafiltration membranes manufacéure by GE Water andbProce%ts Technglogies: G series

membrane, P 735 THARBraH 3ty MW Serles merbrane & hans-fitration membranestaanufactured

by GE Water afg Precass-Tedhrioldgies sDESALSerfess conirfiercidl teramid niethisrahes the

manufactured Ry-NGK sulatersy Ltd. rangd nanoctiltration membranes manufacturedsy Keek -
MembraneSSystems: MPT s%riesw%l%d MPS series. 10 0%48] Among the above molecular sieve

membranes, pr%?élrsagféfélr%n mega seelfieg?f@lig%zach / series, Microza SW series, RS50, NTR-7250,
NTR-7259, NTR-7410, NTRM502Bi6maX ferfiBrate! NADIR &H S&RsERADRE UP $éfésMADIR
US series, NARIRJEuseries, o NADIRWY serias tNADIR NP6 rNALRIR=NPOS30: Sthiariés, G

series membragg, B seriesimembrane, MY, series membrane, DESAL series, MPSseries and
ceramic membranes manufactured by NGK, more preferable are NTR-7410, NTR-7450, NADIR

NP010, NADIRRBB30, G series membrane, DESAD series, MPS series and ceramic 20 membranes
manufactuted by NGK,Iand evenrgereipreferable: aresNTR 12410, NFRLVASQG seriesapehtiténe,
DESAL series and MRS setiess [A0A914n the presentinyentionpa hemegeneqissacid satalyst-25 refers
to an acid catalgstt ati Piomg%]er]ceoug {Eand dls§olv%s in %%eacti%n sgléjgon h]{_.)m&ggnggxuslx.i%s a
homogeneous &id c@aﬁkst}f higher acidi y %aﬁ’r%f”erg & From EF1y8ro1fyjt|c a ivffy view point. As' a
concrete indicatiohywhen tha beitrcataly siis dissolvedsin WalteF aE & Toncentration of 5 mass%, an
aqueous 30 solutionpH is preferably 4 or lower, more preferably 3 or lower, and even more preferably

2 or lower..[0050] Th lecular weight_of i talyst i 0. or greatar. This, ig to the
molecula;‘ éveight_ of theN§§ ﬁfg]ﬁ%é%a%c%ﬂngwa%é&%%{%g g%%lﬁ%%@eg{r%g on the order of 150 to 200.
As the moleculdf-weight rdf§e 20038 500,000 is preferable, 300 to 300,000 is more preferable and

300 to 100,000 is evenMnererpreteratle ainaddition] a differencesizetween theemioleculai sveigit of the
acm‘xﬂaWStmE%%E?QQFﬁ&“Eﬂﬁkﬁgtalyst and monosaccharides, which are the
products, using a separation material having a membrane shape
20 [separation membrane). Separationmembranes canbe classified
according to the separation principles thereof, for instance,
classification is possible into those based on the molecular
weight differences, those based on differences in ionicity,
those based on hydrophilicity-hydrophobicity differences, and
25 the like. The separationmembrane used in the present invention
is based on the melecular weight differences. Separation
membrane based onmolecular weight differences is in other words
amolecular sieve membrane, the separation membrane used in the
present invention is thus a molecular sieve membrane. A
30 molecular sieve membrane 1s a porous membrane and separates
compounds according to the size of the pores thereof.
[0c43]
As parameters representing the properties of a molecular
sieve membrane, molecular weilght cut-off and pore diameter may

25  be cited. The melecular welght cut-off represents the lowest
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5 cut-off of the molecular sieve membrane of 100 or greater is preferable, 1,000 or greater is more
preferable and 3,000 or greater is even more preferable. The present invention is also a
monosaccharide preparation method using a homogeneous acid catalyst having a 10 molecular weight
of 200 or greater as the homogeneous acid catalyst. Using such a catalyst allows the catalyst
separation to be more efficient and economical. [0051] In the present invention, the size-relationship
for the 15 molecular weight of the homogeneous acid catalyst, the molecular weight cut-off of the
separation membrane and the monosaccharide molecular weight is: molecular weight of acid catalyst
> molecular wejghy ou;off of separation membrane.2 moleeularyeight afmanosascharide. Iniadditon.
when a solute 20°6thér than Hom geneous acid catalyst Is contained in the homogeneous acid
catalyst-contairifg sBREBRTE pteferable Size-rI&tiBNSIT s mbldttia Weight 8 Fotiogengols acid
catalyst > molectlacweight tut-off ef Separationmemrane = moleemlarweg btcdf isohdtersthidrehan
homogeneous acid catalyst. 23 Whep membhrare separgtionsigperfosmed with sueh copditiens, the
catalyst stays on the feed solution side% (concent{}ate sidg?}y%/hoyt@ermeatiqmga@e merglbn%aln&lgnd the
‘solute othet thalth& HonTSe REJTE Heid TAER/AE andthe Solvait hefmeats the mambrane. moving on

permeatet ral
the permeate side. Theé cafdlystron ¢ coreenttdte 0side is pbt Feehly Billfed With BCS6vént-such as

water, and can pgfecovered in high qancentrations.crurthermore vkeoreeniration of the tatalyst is
necessary, it c e centrated as-is by membray aration, with low ' -method of
recovering Witr?g%%ibﬁ(-&e@(aﬂrar}ﬁes ?easf}lgo? tﬁ%ns%en%?r%?dg c%?:léggép:]%avﬁﬁﬁﬁﬁ% -lé%f%r%% )
membrane of tHesplidre ape fferd isHseE plotémtthat SaRarcadiats Feetveréd dilGred? Féduifig
consideralje energy ferre-concentiatior of sulftiscaocid;sordtigh: fecavesy ratibié notrobtained sWith

the membrane. §%pa}{g§}%n mféq%drggtﬁg,prgﬁ@qtdr_nieng'@_nig@ %g}gé%@@r@ag@eequgly%@ be
recovered at high concentt%tlon and that the recovery ratio is also high. [0052] In addition, as
concentration oP#fe &cid’eafalyst at hydrolysis, 50:50 is the upper limit value in mass proportion 10 of

the homogeneoUusacid catalyst and water present in the reaction system (acid catalyst: water), and it

is preferable to carryoutithe reaction at an agid catalyst copeentration thagislower thapthis,\Water
referred to here means the total amount of water p es?nt In the reaction system infl dcin% 15
% #% ration

everything 3uch'ad rititufd Eortaihel i tha taw materals And ac d](feadnﬁét'er%%“ile & amount of
moisture can bemouifiteby adding o TeAovingEwakstPiemRs itie defifed-as @b amobhtsRMOYSture at

the beginning of; the-teaction {0083] 20he-upper dimit value ofthernass propedian-afite catalyst and
water is more preferably 30:70 and even more preferably 20:80. As the lower limit value, 0.1:99.9 is
preferable, 0.5:89. %s %%er%eprrg (;rgblréaa%% bg{lg %é%ﬁxmclﬁee%%?g erable. Note that an acid catalyst
concentration of 8650]

20 As materials for the molecular sileve membrane, organic
membranaes such as carbon membrane, regenerated cellulose,
cellulose acetate, nitrocellulecse, polyvinylidenefluoride,
polytetrafluoroethylene, polysulfone, polyether sulfone,
polyacrylonitrile, polyvinyl chloride, aramide, polyimide,

25 aromatic polyamide, hydrophilized polyamide, polyester,
polyethylens oxide, polyvinyl alcohol, polyethylene,
polyvinylacetate, pelyamino acid, and, these with a
cation-exchange group introduced; and inorganic membranes such
as zeolite, alumina, silica, silicalite, and silicone may be

30 cited. Preferred are those with high stability against acid,
heat and pressure, preferably, carbon membrane, regenerated
cellulose membrane, cellulose acetate membrane, polysulfone
membrane, polyether sulfone membrane, aromatic polyamide
membrane, hydrophiiizecipolyamide membrane, zeolite membrane,

35 alumina membrane and silica membrane. Among these, organic
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25 in mass proportion becomes 50% when represented in mass%. In the present invention, unless
expressly stated otherwise, % represents mass%. [0054] The present invention is also a
monosaccharide 30 preparation method in which the above-mentioned hydrolysis is carried out with
the mass proportion of the homogeneous acid catalyst and water present in the reaction system in the
range of 0.1:99.9 to 50:50. By carrying out hydrolysis under such conditions, the 35 reaction
and catalyst recycling can become more efficient and economical.ln addition, setting the proportion of
acid catalyst and water in the range of 0.1:99.9 to 50:50 facilitates catalyst separation and recycling.

1005-] 50ne of the mertts of membrane seppration is that e cafalyst can fe Lecovered 3t 4 refatively
hlgh concentration; however, In-examination presen mventlorg, itwas found t?]a? ue to

problems such &s lidguida4scasiyomentbrafe fouihgsdh  E6rFesion esteBatiating the/ &8id 'y st
concentration 1@4eia-high consentration of 50% or geeateshy mampranesepatationpwag:substantially

extremely difficylt, Compared.t dépﬁF %oinffgggtﬁ sufuricacid me lngr g@dpeg}l%eofnﬁ@}?fg

Document 4 anan?ﬁae fike, With th onosaccharide preparation method of the present invention,
catalyst coRcenfiatié®n At T5 SAREHENFCHIOR is Tow: THHS SHe HiFder 6R CafafstFecycling is also low.
That is to say, it{liesithe merits that a small amount of catalyst to recycle is sufficient, the time required

for membrane separatiog.is ghoxt. andwerries.sich-as menbrane deterioration andfouling decrease.
In addition, due to the 20 fact that the catalyst concentration is |OV%, the catal%s solution %fter

membrane sep&tafion LaRBe re-GSed Mimediatél§ A Riith the' dohcentr tdd difiiric a8d fiethod
which re-uses withia gbneéntration o 0% er giddter orthy method dfRhtent Doelavarit YeantXhe like,
a dehydratipn step-suchas,25 by distifationrisnecessany;, whereas thei menosagcharidespreparation
method of the present invention does not necessarily. require such a step, which_js also an advantage.
Meanwhile, as d’*éjs%:"ﬁ%%a %3%98,' mzfﬁ5853!%3%%&?%%&%gcg}%ﬁfacgﬁgﬁ%?%w c%?a%%tl ?gﬁc%?n%atign
as in the dilute 30 stilfgrieasiiimethod AndrdliSoseesfthesctasethibitcacid MBtiYd) e the
problem that reagfion seledtivityis fowribhis isiduentathel sedectivity «of ¢he ratatyst beihgriein] eendering
the catalyst dis Elp] can also be a cause. That is to say, there is the problem that, in order to render

the catalyst 35 disposable, the choices of catalyst species and use conditions
15 As the molecular? sieve membrane, concretely, the

following may Dbe cited. Ultrafiltration membranes
manufactured by Pall Corporation: Omega series, Alpha series;
ultrafiltration membranes manufactured by Asahl Kaseil
Chemicals Corporation: Microza AP series, Microza SP series,
20 Microza AV series, Microza SW series and Microza KCV series;
ultrafiltration membranes manufactured by Nitto Denko
Corporation: NTU=2120 and RS50; nano-filtraticn membranes
manufactured by Nitto Denko Corporation: NTR-7250, NTR-7259,
NTR~7410 and NTR-7450; reverse-osmosis membranes manufactured
25 by Nitto Denko Corpeoration: NTR-70, NTR-759, ES-40, ES-20,
ES~15, ES-10, LES89C and LF-10; ultrafiltration membranes
manufactured by Millipore Corpcration: Biomax membrane and
Ultracell membrane; ultrafiltration membranes manufactured by
Daicen Membrane-Systems Ltd.: NADIR UH series, NADIR UP series,
30 NADIR US series, NADIR UC series and NADIR UV series;

nano-filtration membranes manufactured by Dailcen
Membrane-Systems Ltd.: NADIR NP010 and NADIR NPO30;
reverse-osmosis membranes manufactured by Daicen

Membrane-Systems Ltd.: NADIR SW; nano-filtration membranes

35 manufactured by Toray Industries, Inc. : SU  series;
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are limited. The present inventors discovered that even in dilute acid method conditions, introducing
catalyst.recycling allows the choices of catalysts to be widened, realizing high reaction selectivity. That
is to say, the present invention 5 is a process that introduces a high-performance saccharification
catalyst and an efficient catalyst recycling method, at relatively low catalyst concentration. Since an
excellent reaction selectivity is realized and the burden of catalyst recycling is low, the method of the
present invention 10 is a breakthrough that can realize high economy. [0056] As concrete
compounds of the acid catalysts, organic compounds having a sulfonic acid group, organic

compounds having 3 carboxylic adld groub, bolvacids suchas iomapolaglds, 15 and hetergaalyacids
may be cited, preferably organic compounds having a sulfonic acid group, and, heteropo yaplds, which
have high acid $tténdthSThatds iesay, 5Pk prefetatiie tidl e hembbeReols A&t ‘catdlyst'ofthe

present inventiem-eentains-amorganic eampaupd lawing asultonic acidgreypranding rodles: _
heteropolyacid. here Are advantanes sueh.as esyllonic aqid-containjng comoounds,are avallable in
a variety of molecular weights, and that a heteropolyacid has homogeneous molecular weight. That is

to say, it islone P&t empbdirTeREERha HresBATINYE Rt frAPh EROTTIGEN 8IS BERSSS Batalyst
contains an orgaaichcarhpourd havirgsa sulfeaiciacid groupyrand/oe la heterapolyacic:jo@57]EEhe

organic compoynd, hauing,a Sfopic agitkarouR Fafers;to,an erganic compoynd haying:gtieastone

sulfonic acid group 30 within the molecule. Concretely, naphthalene sulfonic acid, pyrene sulfonic acid,
lignin sulfonic 28R HeSIiRE Tay 6& RiE: the'td %ﬁfﬁf Wh%%%%%r%%ﬁéﬁ& BF stiffonic

acid groups, andgA agielitions the compound may have substituent group other than sulfonic acid group.
In additiongpolymeussgbtained 35 when sulfonic acid group-containing monomers such as vinyl

sulfonic acid, styrene s%fonic% id, sglfomaleif aciqLand alglox%-h dro>§y- ropan quog'@ agi are

. le’l% %[rﬁa ove Mo ECLh dr S1LEVE e ra = prelera e .
polymerized or copolymerized with mMonomers such as acrylic acid and maléic acid may also be cited.
Or, polymers olS¥fiEd Byesulonatidh 6F0z2 AV series, Microza SW series, RS50,

NTR~7250, NTR-7259, NTR-7410, NTR-7450, Biomax membrane, NADIR

UH series, NADIR UP series, NADIR US series, NADiR UC series,
15 NADIR UV series, NADIR NP0Q10Q, NADIR NP030, SU series, G series

membrane, P series membrane, MW series membrane, DESAL series,

MP3 series and ceramic membranes manufactured by NGK, more

preferable are NTR-7410, NTR-7450, NADIR NPQ01C, NADIR NPO30,

G series membrane, DESAL series, MPS series and ceramic
20 membranes manufactured by NGK, and even more'preferable are

NTR~7410, NTR-7450, G series membrane, DESAL series and MPS

series. |

[0049]

In the present invention, a homogeneous acid catalyst

25 refers to an acid catalyst that is homogeneous and dissolves

in a reaction sclution homogeneously. As a homogeneocous acid

catalyst, higher acidity is preferable fromhydrolyticactivity

view point. As a concrete indication, when the acid catalyst

is dissolved in water at a concentration of 5 mass%, an agueous
30 solutionpHis preferably 4 or lower, more preferably 3 or lower,

and even more preferably 2 cor lower.

[0050]

The molecular weight of the acid catalyst is 200 or
greater. This 1is due tTo the meolecular weight of the

35 monosaccharide, which is the product, being on the order of 150C
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5 polymers such as polystyrene, polyethylene, polypropylene and polyvinyl alcohol may also be cited.
Among these, lignin sulfonic acid and various sulfonic acid group-containing polymers are preferable,
and more preferably, various sulfonic acid group-containing polymers. Preferred sulfonic acid 10
group-containing polymers include polymers obtained by polymerizing vinyl sulfonic acid and styrene
sulfonic acid, and polymers obtained by copolymerizing vinyl sulfonic acid and styrene sulfonic acid
with acrylic acid and/or maleic acid. The organic compound having a sulfonic acid group may be 15
used alone or may be used by combining two or more species. [0058] As the heteropolyacids,

phosphotungstic acids such as Keggin-type phosphotungstic acid (H3 PW:12040) son-type
phosphotungstiE%c (?—I6P21Wl ),@Iﬁ%‘fﬁﬂ@ﬁcwa%ﬁ%éucﬁag 20 K%@éin%?pegé;ﬁég@\ﬁgsjﬁ% acid
(H4SiTg12040)pbefctundgstic, asids such s REGgiretype darotiRstd seid (H58TA722040),000
phosphomolybdig acidssilisemelybdie agid, phosphe vanade tungstic acigl stice vanagesungséic acid,
bhospho vanade molybdic.acid, siicovanado tynastie.acid, metal-substituied 2. heterapolyggids, and
the like, maybe cited: Aron ﬁﬂe%e, from the point of view gfscata?ytlc activity in various reactions,

phosphotufigstie el Sficotuidticsci@ Bordturfg it adte pheapRomblydtic a8idasd Shicomdlybdic
acid are preferahte fRhagphotungsiciacia antksilicotungstic-acid@are frarer30:peeferab)d, dhdr

phosphotungstiglaé:éq:grevieg @Qg%pﬁ%(}@b&e =« /addition, they can have a salt structure in which
a portion of the protons has been substituted by cationic species._In this case, for the cationic species,

for instance, sodium, magfesilimn® &ffHoniimY GRE1RE like; haybé Cited with N S5 4 tieakr e
limitation. pThedetdropolyacidscahd saltg theleniogay be wsedcaldne or mays belusedy a

combining §wo QrmMore specigs 99891 khe present igyentors-dissovered thatcithe hydrolysig 5
reaction of polysa%ci}:rides aga low cataI%st conce?tratiorﬁfoaoo/ or I%w%réfeg rqueog%arcic%% on
demonstrate sp%% i WF]i'gh glé%ﬁfvﬁi%% r%pcaarga éf%ﬁ%r cataFys §'5ch-as LhImunicacid’ m particular,
phosphotungstieadig wasteurd (0- dériohsirae ifghselectivity. In addition, it was found that by
combining 10 agageharification reaction at low catalyst concentration and the three catalyst separation

methods described in tf}% present invent%on, t@g process Q comes é@@l(gs_fi%eivgg A Il n expepsive

catalysts such as heteropolyacié?srg'rséeﬁlsedl.nThat is to éay,%by using a catalyst solution at 50% or

Iowenimééﬂaﬁ@ﬁk9ﬁ§laf weight of the homogerneous acid’ catalyst, the
: molecular weight cut-off of the separation membrane and the
moncsaccharide molecular weilght is: molecular weight of acid
catalyst > molecular weight cut-off ¢f separation membrane >
molecular welght of monosaccharide. Inaddition, when a solute

20 other than homogeneous acid catalyst 1is contained in the
homogeneous acid catalyst-containing solution, a preferable
size-relationship 1s molecular weight of homogenecus acid
catalyst > molecular weight cut-off of separation membrane >

molecular weight of solute other than homogenecus acid catalyst.

25 When membrane separation is performed with such conditions, the
catalyst stays con the feed sclution side (concentrate side)

without permeating the membrane, and the solute other than the

homogenecous acid catalyst and the sclvent permeate the membrane,

moving on the permeate side. The catalyst on the concentrate

30 side is not readily diluted with a solvent such as water, and
can be recovered in high concentrations. Furthermore, 1f
concentration of the catalyst 1s necessary, it can be
concentrated as-is by membrane separation, with low energy.

With the method of recovering with an ion-exchange resin or the

35 method of recovering with an ion-exchange membrane of the prior
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15 are obtained, of the burden in catalyst separation being alleviated and the cost increase due to a
loss in catalyst being decreased as well. These acid catalysts may be used alone or may be used by
combining a plurality. In addition, it may have a salt 20 structure in which a portion of the protons has
been substituted by a cation such as sodium, magnesium and ammonium. [0060] In the following, the
polysaccharides, which are the reaction starting materials used in the monosaccharide 25 preparation
method of the present invention, monosaccharides, which are the products, pretreatment of the
polysaccharides, which are the raw materials, the hydrolysis step of generating Thonosaccharides

ﬂo”‘powsaCdE¥@§SfﬁEQQeﬂ§&eﬂgb%f&ﬁ§@ﬁ€@ﬁ§QAS§§&@ﬁ§§ﬁaﬂggﬁysggh}g@bvered
monosaccharide,gre aration methaod of the present invention, Ii}%%ocellulose, ceIIngse;tand £
hemicellulosesStth @ xyBRCHrabitth SRR ZHY GafALtar? ChitH, thitosdH; agardse; Alginic acid,
carrageenan, psgllcam, iand; statch @ndthelikesnay bevcitedlt 85 Lignoselluidsea tatitfese Fith

hemicelluloses:ate preferablg and. lignacelloses celldlose aredmere-preferable; dignosellutose refers
to cellulose substance and hemicellulose substance containing lignin, which is a hio S is
present in?’arg@laEéﬁtﬁiesaﬁépla%séé[o%f] Ca%ﬁ (grslé%nsco?%heqi)eo!ygéep% ari S%I, t;.;‘]fl)qr“snagsEL glrived
from plants suckras Reédietléave b frbes tball leavefEES; hefBacEbuslantE CpairiE? algae and

seaweeds and migrprganisms is preferable. Concretely, biomasses such as waste wood or old 10

paper derived from neegle-leaved frees and broad:leaved rggs sugar cane (hagasse; lpaves), com

(core, leaves), rice strawl,1 yv%eat straw, switchgrass, oil palm_(trunks, leaves, empty fruit bunches,
kernel press cdk&}FA1¢4E tcell walls infricEiifarRBfd chfehts) and' e eRas (cBif RS intcellular

solid 10 of the homogeneous acid catalyst and water present in the
w.  reaction system {(acid catalyst: water}), and i1t is preferable

to carry out the reaction at an acid catalyst concentration that

is lower than this. Water referred to here means the total

amount of water present in the reacticn system, including

15 everything such as moisture contained in the raw materials and
added water. While the amount of moisture can be modified by
adding or removing water, here, it is defined as the amount of
moisture at the beginning cf the reaction.

[0053]

20 The upper limit value of the mass proportion of the
catalyst and water i1s more preferably 30:70 and even more
preferably 20:80. As the lower limit value, 0.1:99.9 is
preferable, 0.5:99.5 is more preferable and 1:99 is even more
preferable. Note that an acid catalyst concentration of 50:50

25 in mass proportion becomes 50% when represented in mass%. In
the present invention, unless expressly stated otherwise, %
represents masss.

(00547
The present invention 1s also a monosaccharide

30 preparation method in which the above-menticned hydrolysis is
carried out with the mass proportion of the homogeneous acid
catalyst and water present in the reaction system in the range
of 0.1:9%9.9 to 50:50.

By carrying out hydrolysis under such conditions, the

35 reaction and catalyst recycling can become more efficient and
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15 contents) are preferable. More preferable are trunks, leaves, empty fruit bunches and kernel press
cake of-palms such as oil palm, and cell walls and intracellular solid contents of algae, and even more
preferable are empty fruit bunches of palms, and cell walls and intracellular solid contents of algae.
Since 20 empty fruit bunches of palms are discarded in large quantities, they are readily available, and
algae have the merit of being decomposed readily as they do not contain lignin. Polysaccharides may
be pretreated by pulverizing, drying and the like, and used in the reaction. 25[0062] It is preferable
that salts, lignin or hemicellulose present in the raw material polysaccharide, be eliminated through

pretreatment stgg %@%%rf use. Sugh step of eliminating salf, igninQr hemicellulase,is defined:as
desalting step, e |gn|£f|cat|on step and hemicellulose removal step, re §¢%t¢\]/§:%ﬂie resent
invention is als6ATRoHESaRERAFRE Breparatisn medod i which thé }E)?)Is dctharities arethose
obtained througlea preteeatargrd steplimcluding atleast ongiamong a desalting step, a delignification
step and a 35 hp@@iggljulose removal step.Natural biomass such as lignocellulose contain in general
various salts, and when these salts are mixetd Witl}tr;ge%gg cgteal%sé a sglg lE:&(Chansget %(;Cur%h%ince a
salt exchaﬁge leads to gr}:%aﬂée Wﬁ]en}:eajfélygt sopemes and a drop ﬁﬁﬂe acid stlrengt , removal of
salts as much a5 pogsible i pleferableoo0es] at aTke prdsert Ivehters founehat 3t pafticular
when a heteropolyacid is, usedasihe-catalyst fof binmassesaccharification,the catalyss biecomes
insoluble due 1 sall 10 exchange, leading (o.an.extreme drop In-aclivity or.casing,a less of catalysis.
It is believed that fhis 7 duetd' & su sﬁltutlon Wlt% potassium, calcium, ammonium ion or the like. In

order to avoid SR &PprOFiiation, 98 prETeFId 16 UEBDosHE chafidy fratiiVesiidét§ord a
desaltingistep. 45[00644h colncaddition, isimce figiin sometimressadsgrharhomogenenas atidcatalyst,

it lignin is resep. in the yeaction.starfing materials, it caysesra drep in sugakyigleker adsopdnghe
recovery ratio of the catalyst. By remaving lignin in the 20 delignification step g’or togth%atu%/g% lysis
reaction, the sugaP §iid GaRRG hydrotysis Carffié thlPgadisy a%a tl%?eé%%%%g ritio of the catalyst after

hydrolysis can beincreased. andin-addiliohethevmblecule Wweighsettigrin 58mainsesdpsOBausing
inhibition of fermentation By eliminating 25ignir, dahibition of fermepationcan:be ayeided. at In
addition, hemicellulose contained. in biomass such as lignocellulose decom a r.
temperatdre th&f &5/aHilne Eglﬁﬂgsrle.lfhg?&br%%%ﬁér%g%ﬁ%ﬁ%ntﬁg p?raeg%?t\?i%e%%é%%rl 9
decomposition bicelksgsd, dhenfideluldse B0 presehtinthe raleniatridis pbRRacenafe 1
by-products sughas furfural-are geperates by oyendegradation: As ¢his witheausiena drepin thedyield of

monosaccharides derived from hemicellulosg and inhibifion.of ferentation,due tg furfural oz the like, it
is preferable to remove hemicellulose .
detericration and fouling decrease. In addition, due to the

20 fact that the catalyst concentration is low, the catalyst
solution after membrane separation can be re-used immediately,
as-is. With the concentrated sulfuric acid methed which
re-uses with a concentration of 50% or greater or the method
of Patent Document 4 and the like, a dehydration step such as

25 by distillation is necessary; whereas the monosaccharide
preparation method of the present invention does not
necessarily regquire such a step, which is also an advantage.

Meanwhile, as described above, methods that carry out
saccharification at low catalyst concentraticn as in the dilute

30 sulfuric acid method and dispose of the catalyst {dilute acid
method) have the problem that reaction selectivity is low. This
is due to the selectivity of the catalyst being low, rendering
the catalyst disposable can also be a cause. That is to say,
there is the problem that, in order to render the catalyst

35 disposable, the choices of catalyst species and use conditions
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35 beforehand. [0065] As the desalting step, method of eliminating by elution with a solvent such
as water, method of eliminating by further adding acid or alkali to solvent so as to combine elution and
5 acid decomposition or alkaline decomposition, and the like, may be cited. The elution may be
accelerated by heating. Preferred are the method of eliminating by eluting in hot water and the method
of eliminating by eluting in hot water added with an acid or an alkali. These methods may be carried
out alone, 10 or may be carried out by combining two or more. [0066] As acids used in the
desalting step, mineral acids such as sulfuric acid, hydrochloric acid, nitric acid, phosphoric acid,
polyacid and carbonici acid; organifhacids sucél as acetiecn%S acid(ifand sulfoni%accigé%n%%%lil&en are

preferable. As alikali, Sotiuny ydroxﬁe,pp%efgssrmmjh%/‘élroxﬁéf,sca éiﬁr%oﬁ]fd?gmde, magnesium

hydroxide, amnibhia andtkedike reoprafersbid. /AmengithE o sulflrie sadadarbonicasiding
hydrochloric acigl; sedisn hydrexide camotonia ke mare preferable,candsylfurica2 acicband gadium

hydrosxide are eyen mate preforable, [00G7] - Indhe esaling step, s peferable i add & solvent

to the raw materials po]lysacc arides andth e salts at’a temperature of 10 to 200C.

, | y
treating at Suchi? tenfperafifi§eSits ca e elutdd SGHIERART.Mord preferdbielis 20160 and
even more preferatdenisr5Fte:220Cn catn hdditiomd srpeeférabletiatthe durationr eftheltreatment

ot PRI e e oy b0 S el o
preterapie IS V.1 10 our. N the desalting, step, of, the salts,present | raw materials. prior to
the desalting St&ﬁicf:é ; g%%%g}%rg%lecglva_Ey is rea%izeg ang tgeaburgen 0%

catalyst recycling is low, the method of the present invention
10 is a breakthrough that can realize high economy.
[0056]

As concrete compounds of the acid catalysts, organic
compounds having a sulfonic acid group, organic compounds
having a carboxylic acid group, polyacids such as homopolyacids

15  and hetercopolyacids may be cited, preferably organic compounds
naving a sulfonic acid group, and, heteropolyacids, which have
high acid strength. That is to say, it is preferable that the
homogeneous acid catalyst of the present invention contains an
organic compound having a sulfonic acid group, and/or, a

20 heteropclyacid. There are advantages such as the sulfonic
acid-containing compounds are available in a variety of
molecular weights, and that a hetercpolyacid has homogenesous
molecular weight. That 1is to say, 1t is one preferred
embodiment of the present invention that the homogeneous acid

25 catalyst contains an organic compound having a sulfonic acid
group, and/or, a heteropolyacid.

[0057]

The organic compound having a sulfonic acid group refers
to an organic compound having at least one sulfonic acild group

30  within the molecule. Concretely, naphthalene sulfonic acid,
pyrene sulfonic acid, lignin sulfonic acid and the like may be
cited; the compound may have one or a plurality of sulfonic acid
groups, and in addition, the compound may have substituent group
other than sulfonic acid group. Inaddition, polymers obtained

35 when sulfonic acid group-containing moncmers such as vinyl
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35 preferable, removing 80% or more is more preferable, and removing 90% or more is even more
preferable. The salt content can be determined by ash measurement, X-ray fluorescence
measurement, ion chromatography method, ICP (inductively coupled plasma) emission spectrometry
and the like. 5[0069] As the delignification step, method of eliminating by eluting with an alkaline
aqueous solution and the method of eliminating by elution with a solution containing an organic solvent
are preferable. An acid or an alkali may be added to 10 the organic solvent. Adding acid or alkali
allows lignin decomposition to be promoted. In addition, elution and decomposition may be promoted

oy heat. [0070] As,the,acid g1 the alkgli usedin (e abaye 13 delaniligation step, same onesiq those
used in the above esaf[tlng step can &'used. As cét:%f?nlc solvents used in the delignification step,

acetone, ethandl’ biitsPioY ThEFERSY DréparotaRBthiP R Ketdie, Rirghy rotifant hékahe Cbluene
and the like carche tisgtd=Amnng these racetore; ethariolk20=and;Buitarot adexpréferdise candiatetone

is more preferable, [0071] 1., In the deligpification siep, afteradding the,solutiowinta the raw ¢

materials polysacc%arides, it is preferable that a treatment is carried out at temperature of 10 tg 200C.
25 Treating at RhBFHRraRFEsHiIRTS iGN 16 Be ’elﬁ?gldy ?Lﬁ%giheﬁﬂﬁ’l\/i%?g &%‘8?&?65[3 €506 180C

and even more préfevablg is BOokE0Créry addition &stheidigdtion dfthedreatent, 0.0996110 hours

is preferable, moyg praferably 0.5 torhihowss and evermeare preferably Oclr-tod heurs: 30{00#2] In the
delignification stecpl, removing 50% or more of the Iicgninlpresen%in the.raw materials pricirggryﬂ%
rere mo re

. . . Viners a rab an [ erapl Varlious's .
delignification step 18 preferablel femoving 800 BF Moré s more pre erdble, removing 90% or more is

even more preférabie. THEWHNFCZS eomtentEcanbedeEfmined 4646tdiRgYo Methcdsideséitéd in,

10 group-containing polymers include polymers obtained by
polymerizing vinyl sulfonic acid and styrene sulfonic acid, and
polymers obtained by copolymerizing vinyl sulfonic acid and
styrene sulfonic acid with acrylic acid and/or maleic acid.

The organic compound having a sulfonic acid group may be

15 used alone or may be used by combining two or more species.
[0058]

As the heteropolyacids, phosphotungstic acids such. as
Keggin-type phosphotungstic acid {(HzPWi204) and Dawson-type
phosphotungstic acid (HeP;W1s0s2), silicotungstic acids such as

20 Keggin-type silicotungstic acid (HsSiW:204), berotungstic
acids such as ¥Keggin-type borotungstic acid (HsBW12040)
phosphomolybdic acid, silicomolybdic acid, phospho vanado
tungstic acid, silico wvanado tungstic acid, phospho wvanado
molybdic acid, silico vanado tungstic acid, metal-substituted

25 heteropolyacids, and the like, may be cited. Among these, from
the point of view of catalytic activity in various reactions,
phosphotungstic acid, silicotungstic acid, borotungstic acid,
phosphomolybdic acid and silicomolybdic acid are preferable.
Phosphotungstic acid and silicotungstic acid are more

30 preferable, and phosphotungstic acid is even more preferable.

In addition, they can have a salt structure in which a
portion of the protons has been substituted by cationic species.
In this case, for the cationic species, for instance, sodium,
magnesium, ammonium, and the like, may be cited with no

35 particular limitation.
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for instance, Handbook of Analytical Chemistry, 4th Ed. (1991, Maruzen). [0073] As the hemicellulose
removal. step, although similar 5 methods to those of the desalting step can be carried out, more
stringent conditions than those for the desalting step are necessary. That is to say, a treatment
temperature of 50 to 250C is preferable, 100 to 200C is more preferable and 120 to 180C is even
more preferable. In addition, the duration 10 of the treatment of 0.01 to 10 hours is preferable, more
preferably 0.05 to 5 hours and even more preferably 0.1 to 2 hours. [0074] In the hemicellulose
removal step, removing 50% or more 15 of the hemicellulose present in the raw materials prior to the

hemicellulose removal @t,leeo Fegﬁiec{gg%%gﬁmg}gi%éo‘g%%@%é%@wfenpc@f%éb!ﬁa £emoving: 90% or
more is even more preferable’ The hiemicellulose content can be determined according to methods

described in, féringakcE SHEREO R oFRRRYECA 20EHnMStry 4thi EtF (99T Maruzen).  The

desalting step, the geljignification step and the hemicellulose removal step may be carried out

separately or may be carried out simultanequsiy. As the abave aretieatment step ryefestedisone 25

containing a desalting step or one containing a hemicellulose removal step, [
containing’a déé%ﬂﬁ@&@pogna%lﬁfeﬁﬁ%%ﬂﬁl% g s f il %efﬁg?r%?%%%%l?é@ene

Step” %g?grﬁﬂoval stép Gt one dontaining a
removal step ahtli%a delighification stdys mrrbducttindie PrETEREd T&6Re BBRGINAG & desalti step

?nnecihat) gooﬁiﬂ‘écgr%‘ggﬁf’c_i%%%gﬁﬁa [0075]As menosacchatides is the menesdcohatideprisparation
glucose, xylosgI,%éj 3%@%%%%%%2%(%8% ;%;Pa%% Z%tngéﬁgfgz%ggu%%%gﬁ?gg Saarc%1tﬂ BHdeRpgcrerel,
high selectivity. In addition, it was?%ound that by combining

10 a saccharification reaction at low catalyst concentration and
the three catalyst separation methods described in the present
invention, the process becomes realistic even when expensive
catalysts such as heteropolyacids are used. That 1s to say,
by using a catalyst solution at 50% or lower, important merits

15 are obtained, of the burden in catalyst separaticn being
alleviated and the cost increase due to a loss in catalyst being
decreased as well.

These acid catalysts may be used alone or may be used by
combining a plurality. Tn addition, it may have a salt

20 structure:Muwhicheaportionoftjnaprotons}mnsbeensubstituted
by a cation such as sodium, magnesium and ammonium.

[0060]
In the following, the polysaccharides, which are the
reaction starting materials used in the monosaccharide

25 preparation method of the present invention, monosaccharides,
which are the products, pretreatment of the polysaccharides,
which are the raw materials, the hydrolysis step of generating
monosaccharides from polysaccharides, and the like, will be
described.

30 As polysaccharides used in  the monosaccharide
preparation method of the present inﬁention, lignocellulose,
cellulose; and hemicelluloses such as xylan, arabinan, mannan
and galactan; chitin, chitosan, agarcse, alginic acid,
carrageenan, B glucan, and, starch and the like may be cited.

35 Lignocellulose, cellulose, hemicelluloées are preferable and
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the like, may be cited. Preferred are glucose and xylose. [0076] As applications of the
monosaccharides, utilization as fermentation raw materials, chemical reaction starting 5 materials,
fertilizer and feed may be cited, and preferably fermentation raw materials. As fermentation raw
materials application, monosaccharides can be used in conversion into alcohols such as ethanol,
butanol and 1,3-propanediol; organic acids such as acetic acid, lactic acid, itaconic acid, malic 10 acid,
citric acid, acrylic acid and 3-hydroxypropionic acid; various amino acids such as aspatrtic acid,
glutamic acid and lysine, and the like. Among these, preferred is utilization in the preparation of

ethanol and butanel, and, agrylic acid and.3-bydroxypropianis Acid. 15[007 71 As metheds fors e
hydrolyzing polysaccharides in the ltggl}:‘a?lyss steg of the monosaccharuiﬁ‘g%eé)aratlon mgthod of the

present inventi&if, GHebringinGantt cstitact THE AbaVE Gcid tatalyetand Sactharnidas it the
presence of wateris 20radeyuatgnpreferably bnesthatimixes an adudods selitiondf ddidlcatalyst with
the polysacchagdes and yeacts them, Fog the reactor type, batch reactor, continuous reactor,
semi-continuous reactor, and the like, maybe cited, preferably continuous reactor. An organic solvent
maybe mixed db?i%]ﬂ]\e 25 reaction. As organic solvents, ethanol, butanol, acetone, and the like, may
be cited. [0078] While the contehtratiof dfthetachky eatafyst HlARG the BbBYE hydRelyERIs g
described above; whes thepasspropesion 30 issexprassead ieteyme obmassUawith respeetdo the

entirty (acid calalyst ruater) inglear 143 faprasserlastalous, R elRstRd upRBEimi value of the

is preferable. Concretely, biomasses such as waste wood or old

10 paper derived from needle-leaved trees and broad-leaved trees,
sugar cane (bagasse, leaves), corn (core, leaves), rice straw,
wheat straw, switchgrass, oil palm (trunks, leaves, empty fruit
bunches, kernel press cake), algae (cell walls, intracellular
solid contents) and seaweeds (cell walls, intracellular solid

15 contents) are preferable. More preferable are trunks, leaves,
empty fruit bunches and kernel press cake of palms such as oil
palm, and cell walls and intracellular solid contents of algae,
and even more preferable are empty fruit bunches oflpalms, and
cell walls and intracellular solid contents of algae. Since

20 empty fruit bunches of palms are discarded in large quantities,
they are readily available, and algas have the merit of being
decomposed readily as they do not contain lignin.
pPolysaccharides may be pretreated by pulverizing, drying and
the like, and used in the reaction.

25 [0062]

It is preferable that salts, lignin or hemicellulose
present in the raw material polysaccharide, be eliminated
through pretreatment step before use. Suchstep of eliminating
salt, lignin or hemicellulose is defined as desalting step,

30 delignification step and hemicellulose removal step,
respectively. The present invention is also a monosaccharide
preparation method, in which the polysaccharides are those
obtained through a pretreatment step including at least one
among a desalting step, a delignification step and a

35 hemicellulose removal step. Natural Dbiomass such as
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is 50%, 30% is more preferable and 20% is even more preferable. The preferred lower limit value of
the acid catalyst 35 concentration is 0.1%, 0.5% is more preferable and 1% is even more preferable.
Conversely, the preferred upper limit value of water concentration is 99.9%, 99.5% is more preferable
and 99% is even more preferable. The preferred lower limit value of the water concentration is 50%,
70% is more preferable and 80% is even more preferable. [0079] In addition, as concentration of
the above raw materials polysaccharides in mass% of raw materials polysaccharides with respect to
the total amount of reactants, 70% is preferable as 10 the upper limit value, 60% is more preferable

and SO% is even more ferable. A r limit value,.1%:i eferable, 5%;i I able
and 10% is eve%lrﬁgfecrﬁieiélria%%es éﬁg@ t%fglvg?rhgﬁtec%%a%%ﬁﬁé %tf% T?nt]“?';%s’s %r%l uﬁé%lgg)ﬁg\:/%f}teﬁring,

such as raw matenalg polpsaéafalivds e aahdCahatet yatd B Hirer SSIVEARTI THETRASS of raw
materials polysacchasides migars:dhemassl 30800 a Asithegreacticrntemperaltyretof thechydrolysis,

a lower imi Valle o120 s preferable J00C is.mare preferable,and 201503 f.eyen fmors prgferabie.

As the upper limit value_of the reaction temperature, 300C is preferable, 270C is more preferable and
250C is evan mdré prévefanté. Fiié prd<ant fivention is also a monosaccharide preparation method in
which the hydrolysié il carried out at a reaction temperature of 100C 25 or higher. The present

inventors discovered that,with a-teactiondemperatyre-of, 100€ 05 highey, sutficiently highvreaction rate
could be obtalngg gven W(Ij&h a Iovc\lgl cogcentratlgg of %astaly t \éVhICQ Jgives rise toa 1rfeah%tlc process. In

addition, it was discoveret %%%by eIevE@’aitinél the reaction 3 temperaturg, not only the ib% reaction

rate but the sel&ctRAtyf Hd Aohesacchafd 6 RVt casEa s WS paRita I rehrarkable in the
biomass hydrolysisxeacfion using anbetesopalyaeid: {2281 35N addition, the presentingentors:
discovered that merits jyere qitained also inthe mepbrane saparation siepysaisiagdhe feagtion

temperature. That Is to say, If there action temperature is raised, generation of reactive by-products
such as furfuralSaHPfotiitt 268 Kark B Sipressdy. FheSe HicivE"s b GRdS proveke problems
such as reactingrwithr tlee- sepaaation nsembrane@ndiaddsierating méembranedeterbiation, orse

polymerizing to fry a-polymer gampeynd androveke fouling of the membranesaad becoming
|mp055|blf 5to se{%%rg%e} from the catalyst. Consequently, raising the reaction temperature also

In addition, since lignin sometimes adsorb a homogeneous
acid catalyst, if lignin is present in the reaction starting
materials, it causes a drop in sugar yield or a drop in the
recovery ratio of the catalyst. By removing lignin in the

20 delignification step prior to the hydreclysis reaction, the
sugar yield during hydrolysis can be increased, and the recovery
ratic of the catalyst after hydrolysis can be increased.

In addition, the molecular weight of lignin sometimes
drops, causing inhibition of fermentation. By eliminating

25 lignin, inhibition of fermentation can be avoided.

In addition, hemicellulose contained in biomass such as
lignocellulose decompeoses at a lower temperature than
crystalline cellulose. Therefore, when performing the present
invention for decomposition of cellulose, if hemicellulose is

30 present in the raw materials polysaccharide, by-products such
as furfural are generated by overdegradation. As this will
cause a drop in the yield of monosaccharides derived from
hemicellulose and inhibition of fermentation due to furfural
or the like, 1t is preferable to remove hemicellulose

35  beforehand.
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10 leads to increasing the life span of the membrane and stable conduction of membrane separation.
[0082] As the reaction pressure of the hydrolysis, a lower limit value of 0.01 MPa is preferable,
0.03 MPa is more preferable 15 and 0.05 MPa is even more preferable. As the upper limit value of the
reaction pressure, 100 MPa is preferable, 70 MPa is more preferable and 50 Mpa is even more
preferable. As the reaction solution pH, pH 4 or lower is preferable, pH 3 or lower is more preferable
and pH 2 or lower is even more preferable. 20[0083] As the reaction time of the hydrolysis, 0.1 to
1,000 minutes is preferable. If the reaction time is shorter than 0.1 minutes, hydrolysis of
monosaccharides gannot proceed thoroughly, and the yield of monosaccharides may not be 25
sufficient. In addition, if the reaction time.is longer than 1,000 minut?sl,mqveégg%%ra ation.of . .

monosaccharides occufS Mt SEectiviy SfnBnoSEcchatides fay tecteases. ore pretérable is
0.2 to 200 minutes ane evéry etoresreferabler is-@.8,t0"60 hriAuteS. B0[0G8Y] t L naThE HydFélysis

reaction may bg garriggd ut in Wltiple stagess I patticutars bydeolysiscafiignpeetulase ispreferably
carried out.in multl%e stages. This is due to ? difference in the ranges of dgg%n%%oesiﬂgﬁlée%%;ature

between 3% hefhice Lﬂgg "ARd Telididse Con alf;r‘?edl fﬁeligﬁggenlﬁ ose. That is to say, it Is preferable that,

in a first stage, hemicéligidse, wiitl caplpe-deconipdiedif refivahShnd @Bndiions’ fEdeddmposed,
and in a secong stager ehanging to. meretsiriagent conditions ta gasry slt:décamposition wf teltulose.
The acid 5 catalyst used in the first stage t ; 6,5am e
different ones. %&)é%%e m%ﬁféﬁfﬁ?ﬁ%@%&%@i@%%ﬁ %%gnb@e%ggﬁég out af?e%?ﬁ%eﬁrg%{f?sis step
is finished, or s*RURSAE0ASYAB thé 1D rbactibRes TBRDYTH VARH e rﬂ@ﬁﬁgﬁeggﬁa?;(t?dﬁeis carried
out after the reactianais preferable iAs methodh of memthraneseparation by rwlecular sieve membrane,
method of pres lér(i)zé@g the feed solution side (concentrate side), method of reducing pressure on the
permeate side, method of diffusion by osmotic 15 pressure, method by centrifugfl gg%{sation Enethod

using electric potential BiffeFENCE e'fike: Ha5e Sitéd And & méthod of p i

e m of pressurizing the feed
solution side, and the hiethod of difflisidry By oshbtic preasuré ispréfetablacand the ABthcd of
pressurizing the, fegd sglytion side is.mare preferables: 20;Inthgcase efihamethad ebpressttizing the
feed solutign side,,a pressure at the time.of memhbrane aration perfqr ce.(gauge pressure) is
preferablé%.oﬁ\ffﬁg onéosl\lﬂig?rrﬁ%?eaﬁjé era ?@g%? elgetb é%ﬁ&a%égér%n%c%t %feferably 0.05 MPa to
4 MPa. Note that éven alcads whele mepsiTans separaies feide, calcium hydroxide,

magnesium hydroxide, ammonia and the like are preferable.

Among these, sulfuric acid, carbonic acid, hydrochloric acid,

sodium hydroxide, ammonia are more preferable, and sulfuric
20 acid and sodium hydroxide are even more preferable.

[0067]

In the desalting step, it is preferable to add a solvent
to the raw materials polysaccharides and then elute the salts
at a temperature of 10 to 200°C. By treating at such

25 temperatures, salts can be eluted sufficiently. More
preferable is 20 to 150°C and even more preferable is 50 to
120°C.

In addition, it is preferable that the duration of the
treatment Ffor eluting the salts is 0.01 to 10 hours. More

30 preferable is 0.05 to 3 hours and even more preferable is 0.1
to 1 hour.
[0C68]
in the desalting step, of the salts present in the raw

materials prior to the desalting step, removing 50% or more is

35 preferable, removing 80% or more is more preferable, and
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25 carried out simultaneously to the reaction, as long as hydrolysis reaction is carried out for at least a
portion of the polysaccharides and monosaccharides are generated in the solution, corresponds to
carrying out membrane separation against homogeneous acid catalyst-containing solution after 30 the
hydrolysis step in the present invention. [0086] In the present invention, as the type of filtration at the
membrane separation performance, either of dead-end type and cross-flow type can be applied;
however, the cross-flow type 35 is preferred in the homogeneous acid catalyst separation method of
the present invention as separation of the homogeneous acid catalyst can be carried out with high

efficiency even fthe homogsneaus,acid catalyst-eqnialning sebuion is at abigh.conceniaion.
5Membrane separation in cross-flow type can be carried out by a method whereby, for instance, the

solution subject&dto S8pat&iGiT RigeSsurive P RMildBEiRY SBRERIth afeddirg Sumpis 3 &hift-shaped
separation memberanermoedule to dequiretheopermeatepi @D urmgpatfornidtice of memtiranely

separation, a temperature,of 0G0, 1006 is preferable. more-preferably 0G,to 89Gand most preferably

5C to 50C. While membrane separation may use any method from batch type, continuous type and
semi-contiﬁuouéqgﬁéa,]batch type and continuous type are preferable. In order 15 to increase the yield
of monosaccharide, mehsbrahe séparatiohfcarelid earridedut Wisild adding watd Mot ‘doncBatrate.
[0087]  Theseparaigd,menosaccharide can bejused in adermentation proeess, via:adeudralization
step as necessatry, 20 In the present.nvention, as.the monosaccharide and the acid c ve
been separateoe %)% Ir{%”llenrﬁ%rlarﬁg g’ébaergﬁ\écﬁ“ ,Otﬂe%]é%%s%it}? oﬁrurslcelu?%li%%%%ﬁé%%%oéfdr%ﬁ%gﬁon is
low, which is als§6 hrcitvaitsy® TR TSR0 8ay, is BRéPreferfst BmbodimBAtoPhestEsentmvention
that the monosaecharde 25ipreparatien method containscd. tecyelingstep of retoveringlanchiecycling

the homogeneaus acifh satalist senasated in dhe, agparption stap. Histeecycling eans, epeptedly

utilizing the catalyst recovered by membrane separation in a hydrolysis reaction. 30[0088] Theacid
catalyst concerfl2HoHRt e Lataney pe promoted by heat.
[0070]

As the acid or the alkali wused in the above

15 delignification step, same ones to those used in the above

desalting step can be used. As organic solvents used in the

delignification step, acetone, ethanol, butancl, methanol,

propanol, methyl ethyl ketone, tetrahydrofuran, hexane,

‘toluene and the like can be used. Among these, acetcone, ethanol

20 and butanol are preferable, and acetone is more preferable.
[0071]

In the delignification step, after adding the solution
into the raw materials polysaccharides, it is preferable that
a treatment is carried out at temperature of 10 to 200°C.

25 Treating at such temperatures allows lignin to be eluted
sufficiently. More preferable is 50 to 180°C and even more
preferable is 80 to 150°C. In addition as the duration of the
rreatment, 0.01 to 10 hours is preferable, more preferably 0.05
to 5 hours and even more preferably 0.1 to 2 hours.

30 [0072]

In the delignification step, removing 50% or more of the
lignin present in the rawmaterials prior to thedelignification
step is preferable, removing 80% or more is more preferable,
removing 90% or more is even more preferable. The lignin

35 - content can be determined according to methods described in,
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solution recovered by the membrane separation is preferably 0.8 times or more the acid catalyst
concentration used in the hydrolysis reaction, more preferably 1.0 time or more and even 35 more
preferably 1.5 times or more. By bringing the recovered acid catalyst concentration to higher than the
acid catalyst concentration during hydrolysis (that is to say by recovering with a concentration of 1.0
time or more), the separated catalyst solution can be recycled immediately. From the 5 foregoing, it is
also one preferred embodiment of the present invention that the recycling step is carried out
immediately after the membrane separation step. Carrying out the recycling step immediately means

carrying out the rolysis step again without performing a.dehydration.siep for.concent %T@ri.rlo Prior
to hydrolysis, ng%%e/l? r:%1121%/51!Ab{:'ie%a8 deggfo %%j&ust the conce{r/:trgclon. [0089] ?r)f addition, as( the acid
catalyst concentfafiBi @7 the recovered catalyst solution, the upper limit value is 50%. 15 Although it

depends on the[l#al&nge with the acid catalyst concentration during hydrolysis, it is more preferably

30%, even more preferally 20% and most preferably 10xe./A recovery ratio ehthegatalystregevered
by membrane separation is preferably 50% or %rez;ier, more preferablém% orjgr%ater even 20 more
preferably 90%"5t grE&ter ahd Hiowt érgfg bI5 8986 b reater 0000 AitTughit s Birletfér%}ljéethat the
recovered catalystisrearsed asrid i if itwas $ubjactéd @6 eation-ekdrange sndithe @55 refore re
concentration has grapped; it isppreferable:to implement acatalystregengeation step.ddery ao

regeneration ste%lgi?s8 to revert thIg exq%hfngiiﬁgtign bg%ctg pjrgtonrllated form_As mfthods Cf)f12 0

regeneration, nfethods tatiise Eation éXchanger Sre ore preferable an

to 180°C is even more preferable. In addition, the duration
10 of the treatment of 0.0l to 10 hours 1s preferable, more

preferably 0.05 to 5 hours and even more preferably 0.1 tec 2

hours.

{00743 _

In the hemicellulose removal step, removing 50% or more

15 of the hemicellulose present in the raw materials prior to the

hemicellulose removal step is preferable, removing 80% or more

is more preferable, removing 90% or more is even more preferable.

The hemicellulose content can be determined according to

methods described in, for instance, Handbook of Analytical
20 Chemistry, 4th Ed. (1991, Maruzen).

The desalting step, the delignification step and the
hemicellulose removal step may be carried out separately or may
be carried cut simultanecusly.

As the above pretreatment step, preferred 1s one

25 containing a desalting step or one containing a hemicellulose
removal step, more preferred is one containing a desalting step
and a hemicellulose removal step or one containing a
hemicellulose removal step and a delignification step, and even
more preferred is one containing a desalting step and a
30 hemicellulose removal step.
[0075]

As monosaccharides in the monosaccharide preparation
method of the present invention, those cbtained by hydrolyzing
the above polysaccharides, concretely, glucose, xylose,

35 arabincse, mannose, galactose, urcnic acid, glucosamine, and
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preferable. Concretely, a method whereby a cation exchanger 30 in protonated form and the
recovered acid catalyst solution are brought into contact using a column is preferable. As cation
ex_phangers, organic compounds such as cation-exchange resin and inorganic compounds such as
ze_ollte can be used. Preferred are methods that use a cation-exchange resin. Cation exchanger 35
with reduced protons due to cation-exchange can be regenerated by flowing strong acids such as
sqlfuric acid and re-used. [0091] In this way, in the present invention, an acid catalyst recovered
with a molecular sieve membrane can be recycled 5 without undergoing a dehydration step, which is

also a major adantage, Wit e calalys Lecovarymelipdaising,an ion exchange resinok

ion-exchange m%mbrane in the concentrated sulfuric acid method, or the methods described in Patent
Document 4, thE"4cié@ ]:ate_llyst is recovered at a low 10 concentration, furthermore it is necessary to
return it to an extremely: highpedricentration. Therdferejtheresis the protsiem sfretitiftig-cohsiderable

Sp:;gztf%fvf-g%%%%ﬁ%@@iQ{AOWﬁﬁlLalyﬁar@ggwygatiodﬁéswm, the method described imthe
ntion is a lower energy,.low cost process. 15[0092 T 0 i ration
method c_)f?he ﬂéggﬁfiﬁ&éﬁti&egﬁoﬁ}irzneitred%% hé %%%)vl(;enaé%é)oedir%%ﬁiﬂn%gﬁgﬁ%ﬁ%%%Q ifications
are possible withimrtieenseopecindicatedtinthe Efelims. THhét id f0 EAY: CShbOFmERtS Sﬁgﬁw@a

combining 20 technical means, mesifiesksuitably: withindhe rarge: ngicated i the=Claims ake afso
ncluded within [he. (oPNIC ScoRS AL AL S?ggd%m@%r@%?immeI@A@sjfgliqwmm method

for separating a homogeneous 25 acid catalyst (homogeneous acid c;atagst separatign rlgfeat?og) of the
do

present inyenti@ﬂ\ixiﬂﬁbé‘éi@%cﬁﬁeé.cﬁﬁéﬁo nebdis atfd E5thf/st Separdtion Mmathot & present
inventionzis a methed feriseparating a,hamaegérieous-dcidand 3-hydroxypropionic acidy
various amino acids such as aspartic acid, glutamic acid and
lysine, and the like. Among these, preferred is utilization
in the preparation of ethancl and butanol, and, acrylic acid
and 3-hydroxypropionic acid.
15 [0077]

As methods for hydrolyzing polysaccharides in the
hydrolysis step of the monosaccharide preparationmethod of the
present inventiocn, one bringing into contact the above acid
catalyst and the polysaccharides in the presence of water is

20 adequate, preferably one that mixes an agueous solution of acid
catalyst with the polysaccharides and reacts them. For the
reactor type, batch reactor, continuous reactor,
semiwcontinuousreactor,andiﬂmalike,nmykxacited,preferably
continuous reactor. An organic solvent may be mixed during the

25 reaction. As organic solvents, ethanol, butanol, acetone, and
the like, may be cited.

[0078]

Wwhile the concentration of the acid catalyst during the
abovehydrolysisiseﬁsdescribedabove,whenthen@sspxoportion

30 isexpressedintermsofnmss%withrespecbﬁotheentirety(acid
catalyst + water) instead, it ig expressed as fcllows: the
preferred upper limit value of the acid catalyst concentration
is 50%, 30% is more preferable and 20% is even more preferable.
The preferred lower 1limit value of the -acid catalyst

35  concentration is 0.1%, 0.5% is more preferable and 1% is even
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catalyst from a homogeneous acid catalyst-containing solution, 30 wherein the separation method
comprises the step of separating a homogeneous acid catalyst by performing a homogeneous catalyst
membrane separation treatment using a molecular sieve membrane, and the molecular sieve
membrane is a molecular sieve membrane using an organic polymer membrane and the pure water 35
permeation rate of the organic polymer membrane being 1 g/min/m2 or greater at 25C and 0.1 MPa.
[0094] The homogeneous acid catalyst separation method of the present invention comprises the
step of separating a 5 homogeneous acid catalyst from a homogeneous acid catalyst-containing

solution with a molecular sieve using an organic poly I V. olecular
x@(?raSie ﬁgdﬁﬁﬁeﬂégn%ﬂé“g?&%%@%@%?&f@gfb§Qﬂ?9 FadiB

sieve separatersﬂ%%%'lﬁoun S’based on th eren irg molecular weights, and as long as the
homogeneous a&id e sty sta5 10separated actording to s%%h%pﬁﬁcfb?é{%@@éﬁﬁi@%o?yﬁ%?
membrane usegkia the kemageseeus acitkeatalyst separationefiethoekoflitresqpresentihveafior may be

one species, of ay fe o pecis.oroce.« - addionshe hamagensous acic catalyst separation

method may be used in combination with another 15 separation method as long as the homogeneous
acid catalyst isf&patted (Rih a8 aBt6rne SAfahc polymer membrane, and may include another
separation step @8’lérig as it includes the step of separating using an organic polymer membrane.

Note that, although the-homegenequys agid catalyst20-sepswation-methed okthe presentinvention
separates a homogeneous acid catalyst from_a rﬁmo%ergaegus acid catallést-conﬂaaigiggesTflwgg using
e

an organic polytfier fnbtand °F Eebarkiis’ methdd cofresponds fothe Separz

 Separation method of the
present invention asdongtas ahledst agorion st the D5 Rembaeheoud itid SabdlfSE 8Bparatad from

any constituent-gtherthan the hemogeneeys acid catalysteoptained inihe hamogehebassasit
catalyst-containing solution using an organic polymer membrane. Abgve all, itis.preferable that at
least a portion of 31% ﬁgr%%gﬁggues' ac%cna%"t%l%stci‘g'J %é?afrate(? froeafn 30 'the entireg£ of the cl%nstituents

other than the BSmbgeriesas AsraEalSEcatainetin the ABRTbGENEDUR P EARlySt-containing

solution. [0095} ot al amount of reactants is the mass including everything, such

' as raw materials polysaccharides, acid catalyst, water, and

15 other solvents. The mass of raw materials polysaccharides
means dry mass.

(00801

As the reaction temperature of the hydrelysis, a lower

limit value of 20°C is preferable, 100°C is more preferable and

20 150°C is even more preferable. As the upper limit value of the

reaction temperature, 300°C is preferable, 270°C is more

preferable and 250°C is even more preferable. The present

invention is also a monosaccharide preparation method in which

the hydrolysis is carried out at a reaction temperature of 100°C

25 or higher. The present inventors disccvered that with a

reaction temperature of 100°C or higher, sufficiently high

reaction rate could be obtained even with a low concentration

of catalyst, which gives rise to a realistic process. In

addition, it was discovered that by elevating the reaction

30 temperature,notonlythehighreactionratebuttheseiectivity

of the monosaccharides also increased. This was particularly

remarkable 1in the Dbiomass hydrcoclysis reaction using a
heteropolyacid.

[co081]

35 In addition, the present inventors discovered that merits
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The organic polymer membrane used in the homogeneous acid 35 catalyst separation method of the
present.invention has a pure water permeation rate at 25C and 0.1 MPa of 1 g/min/m2 or greater.
Accordingly, a membrane such as the Nafion membrane described in Non-patent Document 6, which
does not permeate pure water under the conditions of 25C and 0.1 MPa, does not correspond 5 to the
organic polymer membrane in the present invention. A pure water permeation rate of the organic
polymer membrane of 1 g/min/m2 or greater at 25C and 0.1 Mpa gives a membrane with a sufficient
solvent permeation rate, allowing the homogeneous acid catalyst to be separated from the
homogeneous acid 10 catalyst-containing solution \/K%pl igh effici : Itis pr fer?tgl. hat the
pure water per%ggﬁoﬁ) Er%t%%é1 %%0%%80% rr%ﬁfm?e orleg1 %?{e eéﬁﬁg%é 16 Itlo. 58%%89 in mggé\% n more
preferable is 20:B00G/FTiAMAR ARTPaRFURETR preférablelis 30%0 8OE g/rin/m2e FSNGte thafthe
pure water permeatien eate cani bexdeierminek ieriastance; by measiringdthe dflowndrate oftheh

permeate Obtaig%df'&*}%gﬁ%@i%%@% YPayin.a,stale where pure waterhas  begp flown,into the

module of each separation membrane. As homogeneous acid catalysts in the present invention, 20 the
organic compoGaRAIIAG & SHIFSHIE &G Yr6Hl fHe OrganicSéompbitints hAVIRG & EambokyicHeid
group and the poiyéwids:suchzasthomsopotyacids and heteropolyacids disctibéd abbvemay bercited,
and the preferred, conditions when.separating the hemoaenseus acie satalystdor.any of these are the
same as 25 de%%(ibed abé)ve. 0096 The homogieneoug %@ece{%lyﬁ se ar%tionfj}ﬁggoghoef the

present inventio Can be alb%ﬂed pFe]‘Féira}Bﬁ/cv?/ﬁéﬁl fhe ﬁgr%%geneous acid ca alffs Contains a

heteropolyacid.5&¢ 80 teseribed aboussif bih inoFgarié tHeRibt apfais luked WhHBRSeparating &5°

heteropolyacid, siaess thesmetalaxide: eenstiteting the nesganic membrane-has thexpropertyfe
adsorbing the hcect)%rg

glé/ggid, gep rg}]ﬁgg Tecover ggsastg%qyrs due to adsorption of the heteropolyécid
% '35 Furthermi o%é )

to the inorganic membrane. ermore, a porous support is essential when using an inorganic
membrane, and Siféé the heteropolyacid also adsorb onto the porous support, this also becomes a
cause for separation resevenelass=oftthe heteropolyacidf Witk thg separation, methodsof thérprésent

invention, which yses a5 grganic; palymer membrang for sepgsation, there js.no suchrlossof o

heteropolyacid due to adsorption, and recovery is passible with a_higher recovery._ratio. From the
foregoing{iti is G preferrétf Bmibodiren ot therprasentinvantion that the REMbgehdbls Aeid Catalyst

contains 10 hetefopblyacfkcticn pressure, 100 MPa is preferable, 70 MPa is more
preferable and 50 Mpa is even more preferable. As the reaction
solution pH, pH 4 or lower is preferable, pH 3 or lower is more
preferable and pH 2 or lower is even more preferable.
20 (00837

As the reaction time of the hydrolysis, 0.1 to 1,000
minutes is preferable. If the reaction time is shorter than
0.1 minutes, hydrolysis of monosaccharides cannot proceesd
thoroughly, and the yield of moncsaccharides may not be

25 sufficient. In addition, if the reaction time is longer than
1,000 minutes, overdegradation of monosaccharides occurs, and
the selectivity of monosaccharides may decreases, More
preferable is 0.2 to 200 minutes and even more preferable is
0.3 to 60 minutes.

30 [ocs4]

The hydrolysis reaction may be carried out in multiple
stages. In particular, hydrolysis of lignocelilulose is
preferably carried out in multiple stages. This is due to a
difference in the ranges of decomposition temperature between

35 hemicellulose and cellulose contained in lignocellulose. That
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[0097] It is preferable that the molecular weight cut-off of the organic polymer membrane and the
type of use of the organic polymer membrane are the same as for the molecular sieve 15 membrane
used for membrane separation in the monosaccharide preparation method of the present invention
described above. [0098] As species of the organic polymer membranes, while those generally
called ultrafiltration membranes,dialysis 20 membranes, nano-filtration membranes and
reverse-osmosis membranes may be cited, it is preferable that the organic polymer membrane used in
the heteropolyacid separation method of the present invention is a nano-filtration membrane or an

ultrafiltration m%rgbggne. I theco:{gani% 8'1)/5“&[@”][%@3@% i% %h% é@g(%-%i

tian memfraneqran
. . e Fe O I
ultrafiltration membranséa,l¥dr fhstan(?er, when a‘solute other than heteropo gacm?f such as a smal

molecule organitddiipSiiiel, RecoRtHiREE FF e Heterbpolyadidccontdiring sEREDH fit RSossitte to
separate the heteropalyasidiand the solutesather.tharntheteyopolyacid n30 Moreprefertable: sea t

nano-filtration memprane, [0099) As materials atthenrganic palyrer membrans, the-same materials

as for the molecular sieve membrane used in the membrane separation in the monosaccharide
preparation’ mefFotP3s G theSsiasht inventioh desthiBEF aBove My 5ECRES &mEAG WRKNhe
preferable onestére asothecsamer[0100] be dtli§imeferablenkat.the organic polymer membrane is a
polymer membrangdraving a cation-exchange group.If the 5 homogeneous acid catalyst contains a

heteropalyacid, when separation,of heteropalyacid fram the heteropolyacid. containing solusion s
carried out using an organic polymer membrane containing a cation-exchange group, the

heteropolyacid &hé tHevebtivhvexchaf§eRroup of the PoBfner 40 nidMBrdrie Rpef édcht6théfdue to
electrical inferaetion: o5 thissreasomo the heteropolyacideannot appreachy the polymeranembeane
readily and passage Uyough ihg pobvmermemiane pecames.nore diffalt, Jhis brihiggieiegtion of
the heteropolyacid through the membrane, enabling separation and 15 recovery of heteropolyacid with

even less losseSCRBETE AP Lt MGretsretérantd ta HEGHEaRR paIs e TnemBram@ss Bfdider

membrane havingea Sakahisaoit groumide {(concentrate side), methed of reducing
| pressure on the permeate side, method of diffusion by osmotic
15 pressure, method by centrifugal separation, method using
electric potential difference, and the like, may be cited. And
the method of pressurizing the feed solution side, and the
method of diffusion by csmotic pressure is preferable, and the
method of pressurizing the feed sciution side ismore praeferable.
20 Inthe case of the method of pressurizing the feed solution side,
a pressure at the time of membrane separation performance {(gauge
pressure) is preferably 0.01 MPa to 10 MPa, more preferably 0.03
MPa to 5 MPa and most preferably 0.05 MPa to 4 MPa,.
Note that, even a case where membrane separation is
25 carried out simultanecusly to the reaction, as long as
hydrolysis reaction is carried out for at least a pertion of
the polysaccharides and monosaccharides are generated in the
solution, corresponds to carrying out membrane separation
against homogenecus acid catalyst-containing scolution after
30 the hydrolysis step in the present invention.
[0086]
In the present invention, as the type of filtration at
the membrane separation performance, either of dead-end type
and cross—flow type can be applied; however, the cross~fiow type

35 ispreferredin the homogeneous acid catalyst separationmethod
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[0101] Concrete examples of organic polymer membranes used in 20 the homogeneous acid catalyst
separation method of the present invention and preferable ones among them are the same ones as
the organic polymer membranes among the molecular sieve membranes used for the membrane
separation in the monosaccharide preparation method of the present invention 25 described above.
[0102] In the homogeneous acid catalyst separation method of the present invention, the
concentration of homogeneous acid catalyst-containing solution is not limited in particular. 30 In
general, when carrying out membrane separation of a solution, a solution at a low concentration is

used, and sepayalian of 5 solute:canale carried out suficient it 2esoluion atadighac.

concentration. However, in the homogeneous acid catalyst separation method of theé)rt(;:h_erjC igvention,
e

even 35 ifthecofiRAtrationSHHeHIM&Gereotalidt catalysttontaining -Soltsr isSHigh,
homogeneous acideatalysticanae sepzratety Thuscthesffetisofahé présent ivention afeléXerted
more remarkably,when the congentration of the homogeneous acid catalyst-containing solution is high.

5 It is also one preferred embodiment of the present invention that the concentration of.th
EOl’l % QW T L:%i 8

. ; = t
homogene%us acid catgfﬁ Ih3RE HoMogéneous acid catalys -contaPﬁIlz’rﬁggcsaoli1 6nis 1 mass%s or

greater. As a pleferretieiiissiment obthe presehbinventen, hbre prefefabie i Igssys dr Greater
and even more J&-prefarable iss4dnassdoor greateri 1e Natedhatrin the fiteseft swventioputiie mass

of the homogeneous agd atalyst dluded by the 9tal mase fetween he Mass.OLtbe hosuogeneous

acid catalyst andthe mass of the solvent is represented as the concentration of the homogeneous acid
15catalyst. [0108} e 3A$the solvents, while selection is possible according to the application or the
like of thet homogeneous:acich gatelyst=containing Solatidn-with ne particularimitdtiony 20for iirstance,

water, various alcolyals, varipygethers. varieus gsiers. apd ihe like.Jmay be ted-19184kc ang
most preferably 5°C to 50°C. While membrane separation may use
any method from batch type, continuous type and semi-continuous
type, batch type and continuous type are preferable. In order
15 to increase the yield of monosaccharide, membrane separation
can be carried out while adding water to the concentrate.
[0087;
The separated monosaccharide can be wused in a
fermentation process, via a neutralization step as necessary.
20 In the present invention, as the moncosaccharide and the acid
catalyst have been separated by membrane separation, the
necessity for neutralizing the carbohydrate solution is low,
which is also an advantage. That i1s to say, it is one preferred
embodiment of the present invention that the monosaccharide
25 preparation method contains a recycling step of recovering and
recycling the homogeneous acid catalyst separated in the
separation step. Here, recycling means repeatedly utilizing
the catalyst recovered by membrane separation in a hydrolysis
reaction.
30 [0088]
The acid catalyst concentration of the catalyst
solution recovered by the membrane separation is preferably 0.8
times or more the acid catalyst concentration used in the
nydrolysis reaction, more preferably 1.0 time or more and even

35 more preferably 1.5 times or more. By bringing the recovered
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In the homogeneous acid catalyst separation method of the present invention, the size relationship
between the molecular 25 weight of the homogeneous acid catalyst and the molecular weight cut-off of
the organic polymer membrane is the same as the size relationship between the molecular weight
cut-off of the molecular sieve membrane used for membrane separation and the molecular weight of
the homogeneous acid catalyst in the 30 monosaccharide preparation method of the present invention
described above. [0105] A difference between the molecular weight of the homogeneous acid catalyst
and the molecular weight cut-off of 35 the organic polymer membrane is preferably 100 or greater,

more_preferably 300 or,drealel andheyen more prsferably S00.0r gteater o Jn addition, psdhe

molecular weight of the homogeneous acid catalyst, 1,000 or greater but 10,000 or less is preferable.

5 While highly SHiGERPSEFaratiBnAHe REVERFGFa RdModgertbus®adid GilyeY fioht 8 Homddeneous
acid catalyst-confaining solutior irt whichcthe atfoletular wigight of thediomogehkoussasid watalyst is in

such a range has, bgen difficultiso-fasin the.presentinventia, a:hppaegeneous acidrealalystie such a
range 10 can a?no be Separated efficier%téy. Thus, the gffects of thgz (PC{eIsneent ing%ng%ré are exgg%d more
remarkably’wher oteculdr welght of the h féous”

one r68 e nﬁ1 rﬁrﬁs
Omogeneous aci .ca{rtlalystll's in the rarige mentioned above.
More preferably 1,000t0rgre et hut Te506 o fessrehdbéven hioredpteferdbly - 000787 Gedtr But

5,000 or 15less; [0106]: he rhsndeseribed above.iibis oneprefersed embodimentef ha-present;
invention that the homaogeneous acid catalyst contain ter R%Iy |8I and as concrete, xamples of
heteropolyacid,%be%elg%nr%glfs thode ¢ e%cﬁb%%ra%%l\%gar%%[ﬁe%erab : 8 %ao‘lgdition,g it iss preferable

that the method'éfieribrarierdepaiatioh ghd #58 BrES3EFE BurimgSherfbfhante f FhermBrarfy’ -
separationdn the:harmogeneongdcid gatalyst separatiommethbd ofahe gdesent invéntien aretthke same
as for the membrane 25 separation in the monosaccharide preparation method of the present
invention described above. In addition, it is preferable that separation type, temperature during

performance of WéhbBlane separation and the type of membrane separation (batch type, continuous
type, In additicon, as the acid catalyst concentration of the

recovered catalyst solution, the upper limit value is 50%.
15 Although it depends on the balance with the acid catalyst
concentration during hydrolysis, it is more preferably 30%,
even mere preferably 20% and most preferably 10%. A recovery
ratio of the catalyst recovered by membrane separation is
preferably 50% or greater, more preferably 70% or greater, even
20 'more preferably 90% or greater and most preferably 9%% or
greater.
[0090]
Although it is preferable that the recovered catalyst is
re-used as-is, if it was subjected to cation-exchange and the
25 proton concentration has dropped, it is preferable to implement
a catalyst regeneration step. Here, a regeneration step is to
revert the exchanged cation back toprotonated form. Asmethods
of regeneration, methods that use cation exchanger are
preferable. Concretely, a methed whereby a cation exchanger
30 in protonated form and the recovered acid catalyst solution are
brought into ccocntact using a column is preferable. As cation
exchangers, organic compounds such as cation-exchange resin and
inorganic compounds such as zeolite can be used. Preferred are
methods that use a cation-exchange resin. Cation exchanger

35  with reduced protons due to cation-exchange can be regenerated

40



30 semi-continuous type and the like) in the homogeneous acid catalyst separation method of the
present invention are the same as those for the membrane separation in the monosaccharide
preparation method of the present invention described above. [0107] 35The membrane permeation
rate of a permeate in the homogeneous acid catalyst separation method of the present invention can
be set according to the concentrations of the homogeneous acid catalyst and other solutes, as well as
the pressure (gauge pressure) during performance of membrane 5separation. Although the
membrane permeation rate of a permeate is not limited in particular except that the upper limit value is

limited by the maximun), pressureghthe-sepasation-membrane aneithe separation membsage module,
from the point of view of the 10 homogeneous acid catalyst separation efficiency and rejection ratio
described beIO\X/E) %% min/m2 or greater is preferable, more preferable is 100 g/min/m2 or greater and
most preferable is 200 §minlh® vEgreater.the PNGtethat theshibibirané Pefrbation tate’sfthe
permeate 15 can:-be getermingd; Hordnstanee; byaneasuring thefiowarate efthe permeate dlring

membran%sepv?rieﬁ[ho& [0108] .. In the hom 0us acid catalyssiseparation.methad pf the-present
invention, as rejection ratio for {he ho ogeneouls acid 20 catalyst, it is preferable that the

homogeneous AgifEcHiaITSt rejdbtbR rafic whah & Hothog&méti s deid CataRrt-tontatinid soition in
which the homegeneous<acie: satalyst concenrtratiomexceedsh mass%is slisjectedasmiembeshe

separation and e pepmeate amoupt has geached 10% of the liguid amaupt obthe 25 solution:
subjected to membrane separation (initial homogeneOéJs a?cid g;atal%st rgj‘(?ctiorgiratgqg is a70%ﬂ&5
greater. When it homiogentdis dtid- Catalijst Fejdtion tatio isin SUch & range, permeation of
the homdgeneous:aeid tatdlystis pfevaited saffieidritlyl andGCeiPbe deeméd that thé horfodEneous
30 ?Cidbclatalysé%@%‘Qrp@l%ea%@ﬁeécwﬁ&&m% Mare prefesablesis 80%rergreatet apchever aore
preferable is 85% or greater. In additian, since the homogeneous aci | i od of
the present inve tigﬁ%}iﬁ“ 3éjélﬁgracf‘f-:? %%lhdoen%(gzlﬁaeoel?seg&g c%a%ﬁly%tégl ev%or% %i%%o%ﬁ%%]%r&%nnlgﬁhe
homogeneous aéibecatalystesataniingshiton isthghosepasitior: BRIMShEMOgERH_EEHS 28 tatalyst
can be carried putwithewdhe rejectonratia farsthe homegeneotscacid tatalyst stogpingeven if the
separatioi15pro S ceeds and the 5 solution subjected to membrane separation is becoming
concentrated. Thatis to say, it is also one preferred embodiment of the present invention that the

homogeneous acid catalyst refRASA TG Mten & hBRgEhedts BEHEATaIyst-containiig &5ution in

which the homadgsneousacitls not 1imited to the above embodiments, and a variety
of modifications are possible within the scope indicated in the
zlaims. That is to say, embodiments obtained by combining
20 technical means modified suitably within the range indicated
in the Claims are also included within the technical scope of
the present invention.
[0093]
In the following, the method for separating a homogeneous
2% acid catalyst (homogeneous acid catalyst separation method) of
the present invention will be described.

The homogeneous acid catalyst separation method of the
present invention is a methed for separating a homogeneous acid
catalyst from a homogeneous acid catalyst-containing solution,

30 wherein the separation method comprises the step of separating
a homogeneous acid catalyst by performing a homogeneous
catalyst membrane separation treatment using @ molecular sieve
membrane, and the molecular sieve membrane is a molecular sieve
membrane using an organic polymer membrane and the pure water

35 permeationratecﬂftheorganicpolymern@mbranebeingZLg/min/mZ
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10 catalyst concentration exceeds | mass% is subjected to membrane separation in the homogeneous
acid catalyst separation method of the present invention and the permeate amount has reached 50%
of the liquid amount of the solution subjected to membrane separation, is 70% or greater. More
preferably as the preferred 15 embodiment, the homogeneous acid catalyst rejection ratio, when the
permeate amount has reached 50% of the liquid amount of the solution subjected to membrane
separation, is 80% or greater and even more preferably 85% or greater. Note that the rejection
ratio for the homogeneous acid 20 catalyst can be calculated by the following Calculation Formula (1):

[0109] R=1 - C?Cb(l%%lm] 251 g])e above goww?a (1), R represents the rejection ratio for the
homogeneous o ke ,rO%tre% eger?trsl?he homogaeheous acid catalyst concentration on the

permeate side and &blrepresents the homogeneous acid catalyst concentration on the feed solution
side, respectively. 30[0THY In@agsition: she homaegensous acid satadysicontainiagrseiutioh salsjected

to membrane sgparglip n i homogenequs, acid gatalyst sepagalion msthodgLibergsent igvention

may contain a solute other than the homogeneous acid catalyst, an ove all, a mode in which the

homogenedus A&A°EaRRRE ontfhg sollfior tofitains an Grganit comPBaAE WA mold&diar
weight of 1,000erieds/istalswohe jprefegrethémbodimentidf thenprésentlinvestion Andsfurtherore, a

mode in which [0 d i saccharide;is.al n fer | t of the
present inventi(?rxl,éfiigi%E ﬁg%@is%@?@cﬁ@ﬁ%‘i a%% %r?? @é@ g%%ﬁfétio%déﬁmea%@!{gn{ﬁc
compound with mbfe AP REight of T § Or fess'&6n a‘fﬁle% iy tﬁéL ﬁo%roeg%%%olu% Iﬁg%ac =
aﬂaWsPcomaHWméghtSf and as long as the homegeneous acid catalyst is
10 separated according to such a principle, the organic polymer
membrane used in the homogeneous acid catalyst separation
method of the present invention may be one species, or may be
two species crmore. Inaddition, the homogenecus acidcatalyst
separation method may be used in combination with another
15 separation method as long as the homogenecus acid catalyst is
separated using at least one organic polymer membrane, and may
include ancther separation step as long as it includes the step
of separating using an organic polymer membrane.
Note that, although the homogeneous acid catalyst
20 separation method of the present invention separates a
homogeneous acid catalyst from a  homogeneous acid
catalyst-containing solution using an organic polymer membrane,
a separation method corresponds to the separation method of the
present invention as long as at least a portion of the
25 homogenecus acid catalyst is separated from any constituent
cther than the homogensous acid catalyst contained in the
homogenecus acid catalyst-containing solution using an crganic
polymer membrans. Above all, it is preferable that at least
a portion of the homogenecus acid catalyst is separated from
30 theentirety of the constituents other than the homcgeneous acid
catalyst contained in the homogeneous acid catalyst—containing
solution.
[0095]
The organic polymer membrane used in the homogeneous acid

35 catalyst separation method of the present invention has a pure
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10solution. In addition, it is preferable that, when the homogeneous acid catalyst-containing
solution containing the organic compound with a molecular weight of 1,000 or less has been separated
by the homogeneous acid catalyst separation method 15 of the present invention, the membrane
permeation ratio of the organic compound is 70% or greater. If the permeation ratio of the organic
compound is in such a range, it can be considered that the organic compound has permeated the
organic polymer membrane sufficiently, and from the fact that the organic 20 compound permeates the
membrane and permeation of the membrane is prevented for the homogeneous acid catalyst as
described above, L.can be deemed that ihe homogencpys aclt calalystand ingorgenic campound
araefeé efficie M

and solvent cofflé e s%p

_ ntly enough. More frefera le 1s BO% or q{eaé%rs%ngi%\é% more
25 preferable i$:669F 6Fgrahter. 2 TeRBiARE: HHEhémbralie pRrmeaAiBRTAIS 6f the 6rganic

compound can e caloutatedfromithewrganicicormpourid dercentrdticrestiha soluivhesibié&d to the
membrane sepgﬁaégaop %?{%tI}%gEQLqﬂ%ggn‘kppuyglo@og_qﬁpt[ﬂt{pq@ipatpemrg@gt@o[ggggbeﬂﬁgh

homogeneous acid catalyst recovery ratio can be realized by recovering the hq S acj
catalyst efficiently SeparatedBy th M@Sé‘né“cﬁﬂ%{%&a%aﬁygfb%lEéﬁgr%ﬁén lr?e‘?t%gg%%%ﬁe p%jesent
invention. A homogeneousiacid remalysrecovesy fiethba cortaifing Sicha Ste 6T RICHVENRG a
homogeneous @CBj/ catalyst using the hamagenesus acid catalysiseparation mettiod-of¢he prasent
invention is alsg ane of the present inventions, 345 Ine homiagensaus.ag calalvstsecouery gato
70% or greater When the ﬁomogeneous acid cata yst-containing solution in which the homogegeous
acid catalyst coneeftratheaxcebds P magsos Ras hebAdubiEtRd td' memBImESEatStioR s
preferableoMorerefeyableds 80%4 ot greateriand evew irdre preferadlé is1696%.or greater. Note

that the homogeneous agid, catalyst tecavery atio. can bedeterminedias dhepeopostion st the s

homogeneous acid catalyst amount remaining on the cqoncentrate side after separation with respect to
the homogeneoust&cid cé%ysﬁ%’r&fﬁ? 15 ﬂfae?né’(fﬁ'ifﬁéal?oﬁrﬁ Ehetis S épggta }s}%%n%ihing

ogenequs aci /
solution prior tofseparatiore preferable is 20 to 800 g/min/m” and particularly

preferable is 30 to 800 g/min/m?.
i5 Note that the pure water permeation rate can be determined,
for instance, by measuring the flow rate of the permeate
obtained when pressurizing to 0.1 MPa in a state where pure water
has been flown into the module of each separation membrane.
As homogeneous acid catalysts in the present invention,
20 the organic compounds having a sulfonic acid group, the organic
compounds having a carboxylic acid group and the polyacids such
as homopolyacids and heteropoclyacids described above may be
cited, and the preferred conditions when separating the
homogeneous acid catalyst for any of these are the same as
25 described azbove.
{00961
The homogeneous acid catalyst separation method of the
present invention can be applied preferably when the
nomogeneous acid catalyst contalns a heteropolyacid. As
30 described above, 1if an inorganic membrane 1is used when
separatingwaheteropolyacid,sincethen@taloxideconstituting
the inorganic membrane has the property of adsorbing the
heteropolyacid, separation recovery 1loss occurs due to
adsorption of the heteropolyacid to the inorganic membrane.

35 Furthermore, a porous support is essential when using an
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[0114] The method for separating a homogeneous acid catalyst (the homogeneous acid catalyst
separation method) of the 20 present invention is a separation method by way of a molecular sieve
using an organic polymer membrane, in which the pure water permeation rate of the organic polymer
membrane is 1 g/min/m2 or greater at 25C and 0.1 MPa. This separation method, owing to the fact
that it separates byway of a molecular sieve using 25 an organic polymer membrane, is a separation
method for homogeneous acid catalyst that is industrially applicable, without requiring a special
operation, to reaction systems that use a variety of homogeneous acid catalysts, in addition to

methods of hydiglyzing Ralvsgcahialdes UG a hamogeneaus.acid 0GBy a! lolprepai oz
monosaccharides. the reaction systems, for instance, oxidation {Jreactlons such as e$OXI C)tIrOI’I

reaction, alkan@®kRlatidireR&Hon > arofiic Hranchid chaif &l grotp dxidation Feéactc

1on, aromatic
hydroxyl group sxigatiohireactioncance3% altohel oxidatibs rdactionoasid catalfzed réaefionsistich as

isomerization r%%@@f‘ﬁ'l%ﬂﬂﬁ@&’ﬁ@d eagtiopyof olefins alcohal-dehydiation reaction,etberfication
reaction, esterificationreactiqn,Friedel-Craftsreaction, polymerization,reaction and hydr i action
including 55bior35§§]§é8cﬁ§ﬁﬁ6%%5r{n fEACHGA efna%? esc% eé{. etrﬁgr?g’ tﬁ”egs&er,“%’;lsg c?nregopégr%gﬁla%%%referred
mode that appliet thetirompgéneotisacid & dialyst separatioh metHod 6EMETrEsent VRO Sn a

biomass sacchafifiationngthod using adomagenesus acid catalyst, application when separating the
homogeneous acid 10 gatalyst froms the horagengoys acid eatalyst-cantalpingsgiuion gfter fae
e cited. Bi

saccharification reaction'may be ¢ omass saccharification method is one of the oil substitution

energy techniq@ds RMiNE AifaHiOATIN rBEENE JEar RNBpNIfg e Pregéftinvention fo'sith a
technique bas e patitcutarlysmportant technical significance as biomass product purification
technique and ge;quction technique. In the preparation of monosaccharides from biomass,

saccharides, which aré the reaction products obtained by the biomass saccharification.reaction, are
contained in the It is prefé&able‘that g%eiggyecugar wezéﬁ@ cug—a¥% o%c%%e

organic polymer memprane and the type of use of the organic
polymer membrane are the same as for the molecular sieve
15 membrane used for membrane separation in the monosaccharide
preparation method of the present invention described above.
10098}
As species of the organic polymer membranes, while those
generally called ultrafiltration membranes, dialysis
20 membranes, nano-filtration membranes and reverse-osmosis
membranes may be cited, it is preferable that the organic
polymer membrane used in the heteropolyacid separation method
of the present invention is a nano-filtration membrane Or an
ultrafiltration membrane. If the organic polymer membrane is
25 a nanc-filtration membrane or an ultrafiltration membrane, for
instance, when a solute other than heteropolyacid, such as a
small molecule organic compound, is contained in the
heteropolyacid-containing solution, it is possible to separate
the heteropolyacid and the solute other than heteropolyacid.
30 More preferable 1s a nano-filtration membrane.
[0099]
As materials of the organic polymer membrane, the same
materials as for the molecular sieve membrane used in the
membrane separation in the monosaccharide preparation method

35 of the present invention described above may be cited, among
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20 homogeneous acid catalyst-containing solution after the reaction, and the homogeneous acid
catalyst.separation method of the present invention can be used suitably to the step of separating
homogeneous acid catalyst and saccharides from such a homogeneous acid catalyst-containing
solution. That is to 25 say, it is one preferred embodiment of the homogeneous acid catalyst
separation method of the present invention to use the homogeneous acid catalyst separation method
of the present invention in the monosaccharide preparation method of the present invention when
carrying out the homogeneous acid 30 catalyst separation step by way of the step (A). When using the

homogeneous agid catalyst separation method.of thepresenf inyention,n the monosaccharide

preparation method of the present invention, it is preferable to use the preferred mode in the
homogeneous a{&a%%%alyst separation method of the 35 present invention described above. As
the saccharides, for instance; gluedser xploset hrdbinbseomaandse pydlactesenaromcacidi s a

glucosamine, apdt d@%&l%e  RR-Re giteds S.EfRet af the tnvantion dkla)e girchrepﬂon0§@ccrtraéide

preparatlo metho ftheé)resentgr@/entl n comprises tthe .constituti ndescrlb abo%e an aIIows

monosacc ari eSD%O %e preparea e men?ly arréseconomlcaﬁp 10afrom ar?{no x&{e Sive |omass SUCh as
a

lignocellulose, theBai &4 preparationdfethod thatCem e Gsed Sdithbly as rav Rfaterials toPt&pare
chemical produgts:suchas ethanel ane tactie acid. 4o addition, the homogeneous acid catalystn

separation 15 method of thg gr%%egtr%mer?é%Rfﬂ%ﬁ%m@gce%@r%d%%%@ggga@ Yeand

anl
allowing a homolg neous cat alyst to be separated from a homogeneous acid catalyst- -containing

solution with higiF efiéieREPRAG EHigR ﬁ&ﬂdﬁé‘ﬁé@&s‘%ﬂec%fé??ﬁ?@c%@@ﬁ?r%%%@%ﬁﬁiﬁ&d at
low energydcoste BRI RXESCRIRTIONOE T HEDRAWINGS:{0£26] 1{Ek: A3 Figrl. shows one

example of process.flqu forfreparag manosa eﬁ%rmefr%r%mag%y%g@qh@r@@gge@%@md
catalyst, 25 and for recoveri \gthe catalyst, EXPLANATI N OF ERAL AND SYM? OL(ES)

[0117] a: PrefE5RTEH {puivétizing h Pate? fealfert ard |Ik E)‘3090 Atcharitication
(hydrolysis ofpbtsﬂsat@@rﬁarld"esr@sw@afﬁ@méJQEHeou@htﬁj cataljsier rejection of the

heteropolyacid through the membrane, enabling separation and
15  recovery of heteropolyacid with even less losses. Above all,

it is more preferable that the corganic polymer membrane is a

polymer membrane having a sulfonic acid group.

[0101]

Concrete examples of organic polymer membranes used in

20  the homogeneous acid catalyst separation method of the present

invention and preferable ones among them are the same ones as

the organic polymer membranes among the molecular sieve

membranes used for the membrane separaticn in the

monosaccharide preparation method of the present invention
25 described above.

[0102]

In the homogeneous acid catalyst separation method of the
present inventicn, the concentration of homogeneous acid
catalyst-containing solution is not limited in particular.

30 In general, when carrying out membrane separation of a
solution, a solution at a low concentration 1s used, and
separation of a sclute cannot be carried out sufficiently with
a sclutionat a high concentration. However, in the homogeneous
acid catalyst separation method of the present invention, even

35 if the concentration of the homogeneous acid
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c: Solid-liquid separation d: Membrane separation treatment (molecular sieve membrane) e: Thermal
decomposition treatment 35 f: Elution treatment BEST MODE FOR CARRYING OUT THE
INVENTION [0118] Hereafter, examples will be given to described the 5 present invention in further
details; however, the present invention is not limited to these examples only. Note that, unless
expressly stated otherwise, "parts” means "parts by weight" and "%" means "mass%". [0119] 10The
analytical methods and calculation methods used in the examples are shown below. (Quantification of
monosaccharides) The quantification of monosaccharides was carried out by liquid

chromatography (HPLE), For e colum. TSK-GELAMdeR0.15 mapyfaciugd o Tosoh Gorp was

used, and detection was carrie ot With a refractometer (RI) ."The yield of the_ monosaccharides was
calculated accotding s te oG bEGALMbRtsacchdife Viekl fhadsdhf=15tat Mads 6 gaherated
monosaccharidesimaass ofvay materials gblysaccharddes k10020 Hdere; e avasseofradtmarterials

polysaccharides js,.indhe casef cellulose; the dr. mass-of the paw maferials celkoses andin. the
case of palm empty fruit bunc esﬁ%(;%wt bunches after removal of C?Jm nl%t; hefe fter referred to as
palm EFBY’ the dry masstof taw fhat&rials' Bali Ers - é[%lf(ﬁ é)ujarﬁl‘ ification o?tbye-prgaﬁcst%?

invention that the concentration of the homogeneous acld

catalyst in the homogeneocus acid catalyst-containing solution

i1s 1 mass$ or greater. BAs apreferred embodiment of the present

invention, more preferable is 2 mass$ or greater and even more
10 preferable is 4 mass% or greater.

Note that, in the present invention, the mass of the
homogeneousacidcatalystdividedkurthetotalﬁmsskmtweenthe
mass of the homogeneous acid catalyst and the mass of the solvent
is represented as the concentration of the homogeneous acid

15 catalyst.
[0103]

As the solvents, while selection is possible according
to the application or the like of the homogenecus acid
catalyst-contailning solution with no particular limitation,

20 for instance, water, variocus alcohols, various ethers, various
esters, and the like, may be cited.
[0104]
In the homogeneous acid catalyst separation method of the
present invention, the size relationship between the molecular
25 weightofthehomogeneousacidcatalystandtheﬁmlecularweight
cut-of f of the organic polymer membrane is the same as the size
relationship between the molecular weight cut-off of the
molecular sieve membrane used for membrane separation and the
molecular weight of the homogeneous acid catalyst in the
30 monosaccharide preparation method of the present invention
described above.
f0105]

A difference between the molecular weight of the

homogenecus acid catalyst and the molecular weight cut-off of

35 the organic pelymer membrane is preferably 100 or greater, more
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The quantification of by-products was carried out by HPLC. For the column, TSK-GEL ODS-100V
manufactured by Tosoh Corp. was used, and detection was carried out by using an ultraviolet 30
spectrophotometer (UV) and RI. The monosaccharide selectivity of the saccharification reaction was
calculated according to the formula below: Selectivity(mass%)=totalmassofgenerated
monosaccharide/total mass of products (monosaccharides and 35 by-products) x 100

By-products are furfural, hydroxymethyl furfural, formic acid, levulinic acid, and acetic acid which are
generated by overdegradation of monosaccharides. [0121] 5(Quantification of acid) The

concentration of sulfanjc.acid cgrpaynadn sglulon s caliulpted oM he sulfur apnogob desermined

by inductively coupled plasma analysis (hereafter, ICP analysis) using ICPE-9000 manufactured by
Shimadzu Corp? iifadé&ition, the 10 in-solution phosphotungstic acid concentration was calculated from
the tungsten amount determmettyetCP a(CatatystoliantificatioreingSolid) . tIEhe ARG TLS
phosphotungstig acig pxesentdn salidivasdetermined-from the fungsten ameuntdeterminat by X-ray
15 fluorescence measurement ortion occupied, in.ash) and the ash amo t%g}% J}Q}eeq)@é ash
measuremcgnt. %;%§®g}%§é§ye%£%§ti%}en - ‘F‘ﬁég) %gﬁ?ﬁsﬁe%%veﬂ? Cr:gt}foe\]/fvgzoéya%:u ated@according to

the formula beléwi20 CataiystidcoveRfrafio (IRESDRTETHASsTT Fécovaled atansonTastortatalyst
present prior to secemeryx 1600128 Example=L)A pressurghresisiarit edntaingewihan mterdal

volume 25 of 15 ml was Ipaded with 9.0,0.0f.,30% adueaus.solution polystyrenessulfonicacid,
(Polysciences, ﬁ]%iﬁ;%i e?ggé%c%\%cugr Weaight: 7%,000) as a homogeneous acid catalyst and 1.0 g of

pulverized palnPEEBIBBtaREaHorM TndBne s 8fed MNEMsUITeRZEE Witha LUt Millf a5 the faw

materials190 can also be separated efficiently. Thus, the effects of the
present invention are exerted more remarkably when molecular
weight of the homogeneous acld catalyst 1s in the range
mentioned above. More preferably 1,000 or greater but 7,500
or less and even more preferably 1,000 or greater but 5,000 or
15 less.
[0106]

As described above, it is one preferred embediment of the
present invention that the homogeneous acid catalyst contains
a heteropolyacid, and as concrete examples of heteropolyacid,

20 the same as those described above are preferable.

In addition, it is preferable that the method of membrane
separation and the pressure during performance of membrane
separation in the homogenecus acid catalyst separation method
of the present invention are the same as for the membrane

Z5b separation in the moncsaccharide preparation method of the
present invention described above.

In addition, it is preferable that separation type,
temperature during performance of membrane separation and the
type of membrane separation (batch type, continuous type,

30 semi-continuocus type and the like) in the homogeneous acid
catalyst separationmethod of the present invention are the same
as those for the membrane separation in the monosaccharide
preparation method of the present invention described above.
[0107]

335 The membrane permeation rate of a permeate in the
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30 polysaccharides, and hydrolysis reaction was performed at 90C for 2 hours. After the reaction,
reaction solution and undegraded residues (lignin is the main constituent) were separated by filtration.
When the reaction solution was analyzed by HPLC, the monosaccharides glucose, xylose and 35
mannose were generated, the total yield thereof was 30% (which means 0.30 g of monosaccharides
were obtained from 1.0 g of raw materials). In addition, undegraded residues were washed with 5
ml of water and the wash was recovered. The recovered reaction 5 solution and wash were placed into
a centrifugal concentrator equipped with a separation membrane (Sartorius K.K., Vivaspin 20; inner

volume: 20 ml; m%l%%é%\e’ﬁ@%s%ofEal@aQ%ﬂn%@ ane materiabpolyether sulfone membrane
surface area: 6.0 cm gand subjected to a centrifuge (4,000 G, .10 mlnuteiz 10 Ata stag% q}eere the
solution was cohe®Rftated toHpprosimately B 10 ME of Watel as Rdded ARd cehtrifigal separation

treatment was tamiedautagaineThe sanie operationdvas further pepeated twitewfinally2Coricentration

was carried OUFQMEQQmQ@J%%@'@P@é@ﬁi%@id)@%@ﬂﬂ@f RRIrATeRte £RtRINKEY Lbdnbinihe
monosaccharides and 8tml of concentrate containing mainly catalyst (approximately 8 g) were
obtained. The ¢&t&IjSticoncentration of the concentrate was 32%, which was a concentration of 1.1
times with respect to tha lifialsBlutids (36 rRiEcRRITEE fécovery fati WhsD5% “FRé 20 catalyst
could be recovergd at:a highcaoncentration.and withca bigh recovery rafiper 1 8g of cencentrate
containing the recovere talyst mixed as:-is with.1 fpal I t drolysis
reaction again. ﬁjh%lt%?agy%l IgL éfem\ﬁé%%ggéghﬁ egsg/\‘/av% gq?:gt?éé)c%i%%Ea%%%%%r%ﬁ%ﬁ&aé%%%, and
it was found thattRe SRV St TeedvERR PR MIsIANE Separ Sifor CEURPEE fe&ciéd RE-i8 Withdut
requiring alconeenteationcoperation drethe dike sf0 23} {Exampte 2F 80 e siryilanmhares @6 Example 1,

o o : . T . L o
o Convertd rs ST St O 0D G e ST 25 APoMOBEeous FERL Gt
and 1.0 g of pulRHiSeR PR EEE fvere I]o@ﬁe%l, Aht Hﬂl/dr%gfysqg Féac ilf)naﬁléc{/nasspeﬁg?mgg aa%{iﬁoc for
2 hours. After the réddtion/thien /m° or greater.
Note that the membrane permeation rate of the permeate
15 can be determined, for instance, by measuring the flow rate of
the permeate during membrane separation.
[0108]
Tn the homogeneous acid catalyst separation method of the
present invention, as rejection ratio for the homogeneous acid
20 catalyst, it is preferable that the homogeneous acid catalyst
rejection ratic when a homogeneous acid catalyst-containing
solution in which the homogeneous acid catalyst concentration
exceeds 1 mass% is subijected to membrane separation and the
permeate amount has reached 10% of the liquid amount of the
25 solution subjected tomembrane separation (initial homogeneous
acid catalyst rejection ratioc) is 70% cor greater. When the
initial homogeneous acid catalyst rejection ratio is in such
a range, permeation of the homogeneous acid catalyst is
prevented sufficiently and it can be deemed that the homogeneous
30 acid catalyst could be separated sufficiently. More
preferable is 80% or greater and even more preferable is 85%
or greater.
In addition, since the homogeneous acid catalyst
separation method of the present invention can separate

35 homogenecus acid catalyst even if the concentration of the
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reaction solution was separated by filtration from undegraded residues. The total yield of
monosaccharides was 32%. In addition, undegraded residues were washed with 5 ml of water and
the wash was recovered. The recovered reaction 5 solution and wash were placed into a centrifugal
concentrator equipped with a separation membrane (molecular weight cut-off: 3,000) and subjected to
a centrifuge (4,000 G, 10 minutes). In a similar manner to Example 1, monosaccharides and catalyst
were separated by membrane separation. The liquid amount of the 10 final catalyst concentrate was 5
ml (approximately 5 g), the catalyst concentration was 15%, which was a concentration of 1.5 times
with respect to the initial solution (10%). T t y_ratio w %, The catalyst.cquld be
recovered at a F&iaﬁ%%%%gr?tlﬁastiongacrﬁ Wit%gzcﬁ?éﬁyrécé%%%%%}ﬁég [O%% g(élxgﬁpléa%), ﬁtl%gy'
pressure-resist&RRFESS b6 withxh [Hie? Capaeity ot S #as Yoaded Wit 203§ of 188 Hqueous
solution (pH 0.9) Z6nefiphasphotungstic aeid- fmanufacturedyhNippoariaorganc Colaur&Chlyernical
Co., Ltd.; moistute content of approximately 16%as ciystallization. water.jngleculas weight without

moisture: 2881) as a homogeneous acid catalyst and 4.0 g of microcrystalline cellulose Avicel

(manufactuted BY MErtRLtd. F 98 & d §5ccharificRfiSIF Fédthion Wi Béroriied arf150¢Sfors -Adurs
while shaking withrareoit shaket . Theldglatosesyicid was 87% ‘dnd ite glhcose sefectivity Wway 80%.
After the reactiQnythe; selidscremaining without being dissolyadivere renaoveshby sentiifiugal. 14
separation to obtajtn reaction saluti n. The 30 stoiligs We%fggher Was%eodmgitg gggrog(imately éSO g of
water and a san%%lea?ggggharif}:c%%i%ﬁ solution if)l was’ obtained by combining the Was Withatﬁe reaction
solution. SubseqiFeitlyo sepaidtibnstep of fibnoBadthafible BhE cafnSt SRROpETGMEY. That
is to say, 40.79«d the abevelb-sacchatificationselatieniAteoniainisgddgef cphesphotungstieracid and
0.7 g of glucose) wa, ed t irri i r luatio I

(manufactured )E/a %%%%%gé%%c%? Iﬁg? negqozﬁnp gé% %@%%?%%ﬁ%@% b%a%%gl%%%?}%%%é?&
(manufactured By Nitis Derké TdrpLs Rkt FA 8 S0IfbREEaTIONEthEr ENfoHE: dhtgaRrRPSIgmen), a
nano-filtration mMérabsane lservihguasca analectlar Siere mermbrane: Sulisegoently tthencoricentrate side
(side containing;sacchayificafion selytianA) was pressyiized (0,03 MBa {9 carmy:QuUEmembrapg
separation, and appraoximately 20 g of permeate was 10, obtained an the germeatlon side agross from
the membrane. SFHESHESHGH &%%Bﬁﬁ‘goagpeﬁgﬁﬁ?a?e%} 965°4 of whter 16 the-CoreeAtrateealr ity out
membrane sepaiatiqreamtt olbtaining approxamately 20y of perinddie was vepbated whice fand e
ultimately 13.7 g 9f genegntrats {eatalyst recavary sohdionsknA)xand a total of $8.8.9 of pesmeate

were obtained. Th acgrd corgncoentratigg ofthe coneentrate was 10.2% and the acid concentration of the
permeate was G:004% The ca%aelygt recovery r%tioIV\i’as calggﬁated to be 99.8% (based on permeate),
which was found to be veftréfely Righ reov6ly f@fior 919620 6 gl Bse MRRISre8EMEInARe

permeates it wasd{eund datthe patalysi-and:gligase €ould be separajethwithy a;nembranenula

(1):
[0109]
R =1~ Cp/Cb (1)
(0110}
25 ' In the above Formula (1), R represents the rejectionratio

for the homogenesous acid catalyst, Cp represents the
homogeneous acid catalyst concentration on the permeate side
and Cb represents the homogeneous acid catalyst concentration
on the feed sclution side, respectively.

30 [0111]

In addition, the homogenecus acid catalyst-containing
solution subjected to membrane separatiocon in the homogensous
acid catalyst separation method of the present invention may
contain a solute other than the homogenecus acid catalyst, and

35  abeve all, a mode in which the Thomogeneous acid
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Subsequently, a catalyst recycling step was carried out. A glass bottle was loaded with 10.0 g of the
catalyst-recovery solution A obtained earlier and 2.0 g of Avicel , and a hydrolysis 25 reaction was
performed at 150C for 6 hours. The glucose yield was 38% and selectivity was 78%, which were
equivalent to the first reaction. From this, it was found that the catalyst recovered by membrane
separation could be recycled as-is without undergoing a concentration operation or the like. 30[0125]
(Example 4) Similarly to Example 3, saccharification reaction with phosphotungstic acid as the catalyst
and membrane separation experiment were carried out. However, this time, the flat sheet 35

membrane NTR:7410 ymanufactured:by.Nitta Denkg Com) &, fanodfilratian.-membrang; waswised as
the molecular sieve membrane. As ,zlaggjesult f%garé}/]l@g out ?Ee membrang separation step, 81‘V8l of
2%

catalyst was recovBretd i thdcoli&éftrate and f Jiticose Was Fecovéfedin the pernieats. 5[0126]
(Example 5)  enfoeelimese saéchaudficatiphaehclion wis'caried?out similany 1 Examplel3Bi6t using

1% aqueous solutigm (piA Q.8) of pehyrvinylsiifepigaciddmanufactureddnnAldrieh; useshafter 1@
convertinggnto acid éorm V\gth %%éo&1rexchtang§ rggin; averag&etmgleggla{ j\‘/\(/Denight: 2,000) as the catalyst.

With a reaction &t 165C for ﬁmur, t rgeg ucose ylel% WaS 25% an selréctlvity'was 80%. Furthermore

similarly to Exariple-3) a membrane separation step was performed using NTR-7450. Asa result, 73%
of catalyst 15 was recovereddn ihe conpgemtrate anar-90% af gludose wasreeoveneddn the pérmeate.

[0127] (Example 6) 4 gellulose; saccharification reaction,was cagied oyt 20 simifaryto Examale 3 but

using a 2% aqueous solution of poly(styrenesulfonic acid/maleic acid) (Copolymer at 1:1 molar ratio;

manufactured By ATdRER-SGsed diter EBRverfitG HE R8P Witan fohtéxXchahge FBSiR Avdidge
moleculai Weigkty 20{000) as the catalyst. With a reaction at 150C for 2 hours,

In addition, it 1= preferable that, when the homogeneous
acid catalyst-containing solution containing the organic
compound with a molecular weight of 1,000 or less has been
separated by the homogeneous acid catalyst separation method

15 of the present invention, the membrane permeation ratio of the
organic compound is 70% or greater. If the permeation ratic
of the organic compound is in such a range, 1t can be considered
that the organic compound has permeated the organic polymer
membrane sufficiently, and from the fact that the organic

20 compound permeates the membrane and permeation of the membrane
is prevented for the homogeneous acid catalyst as described
above, it can be deemed that the homogeneous acid catalyst and
the organic compound and solvent could be separated efficiently
enough. More preferable is 80% or greater and even more

25 preferable is %0% or greater,.

Note that the membrane permeation ratio of the organic
conpound can be calculated from the organic compound
concentration of the solution subjected to the membrane
separation and the organic compound concentration in the

30 permeate.
[0113]

A high homogeneous acid catalyst recovery ratio can be
realized by recovering the homogenecus acid <catalyst
efficiently separated by the homogeneous acid catalyst

35  separationmethod of the present invention. A homogeneous acid
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25 the glucose yield was 22% and selectivity was 79%. Furthermore, similarly to Example 3, a
membrane separation step was performed but this time the ultrafiltration capsule Minimate 65D
(manufactured by Pall Corp.) equipped with an ultrafiltration membrane (Omega series 650
manufactured by Pall Corp.) was used 30 during membrane separation. As a result of carrying out the
membrane separation step, 84% of catalyst was recovered in the concentrate and 91% of glucose was
recovered in the permeate. [0128] (Example 7) 35Palm EFB demineralization and hemicellulose
removal step was carried out. That is to say, 2.0 g of pulverized palm EFB (dry) and 20.0 g of an

aqueous solution of 2% sulfuric acid were_ loaded into a pressure-resistant contai ated at
125C for 3 hour%é%“ﬁe?’esgﬁté:ref%Oevﬁqrpﬁdné%%%eon and t éelg&I% %%ﬁ%engt v?/necreep s(ejpanr%été%] %;J/l%[trg%ion,

furthermore, the® SoIIEPRET s WasFed Mithwbatsrl WeheRhanereeaveelfitate W&s araly2ed, the
generation of 0 4=g 8t xylose ansk6.63 @ of glusoseawas abservedt Meanivhilel she sokd €dntént (wet)

was placed into afggee%yrq-ﬁ%gg gontainer, 2.0 g of phosphotungstic 10 acid was added as a
catalyst, further?nore, water was tggée(% so as to reach 20.0 ﬁ‘ﬂ in total reactants. This was heated at

150C for 6hours while &fakitg WA AR DHIESHAKE? To Perforfnd RYdrSSE Steh. AWheA thé Yéattion
solution was anatzeds thegeneratidnoofds&gechigiupose was absetveto Thelgaftey, sive. 15 sofid

content was remaveed by simylar metheds,lofexample;3de-obiajn a sagchafiicationsolutioReds

Subsequently, separation step of the monosaccharide and catalyst present in,the saccharification
solution was pe}fg‘?ﬁec’&. THha E]ee{?ﬁb?é@ej gg&a%gtf%% War%)ggrﬁ%dg 8&%1%% é‘l(r}nrﬁalrsn%:ner%g? 6 l%%ethe

method describiédin Exeaiplesd: that is 86 $ag NTREZLB0 (AaRFAGDrER by Nitte Derke o) was
used as a molegular sieveagmbrane. As a result of membrane separation, 99.8% of phosphotungstic

acid was recovered in the concentrate (catalyst recovery solution.B 09, % égl‘yg e was
recovered in the 25 per?neeta?egﬁﬁtcex%?é%éiﬁé? gélaatglil%t ‘ﬂ?léjclog\?e%?IL %z%lﬂ v%gs%%taine§§[0129] ©

(Example 8) SUBBBqRENTRIEFERANBIR 2% SAEIVRERRSEIAG Btepiwhs 30 ARTSE BEC PAIREEB was
prepared, which-wasiregted-fac deminetatizatidmwithbentirély equivalentmetids and amobunsts to

Egigple i ?ndggﬁgfﬁawﬁaﬁhﬁi%akyégg%c@wx $9lutin.B dehesphotingstic acid gancentration:
' 0)of€mec§?{§¥hedin1ﬁuahomogeneousacidcatalyst—containingsolution

prior to separation.
[0114]
The method for separating a homogeneous acid catalyst
(the homogeneous acid catalyst separation method) of the
20 present invention is a separation method by way of a molecular
sieve using an ocrganic polymer membrane, in which the pure water
permeation rate of the organic polymer membrane is 1 g/min/m?
or greater at 25°C and 0.1 MPa. This separation method, owing
to the fact that it separates by way of a molecular sieve using
25 an organic polymer membrane, 1is a separatidn method for
homogeneous acid catalyst that is industrially applicable,
without requiring a special operation, to reaction systems that
use a variety of homogeneous acid catalysts, in addition to
methods of hydrolyzing polysaccharides using a homogeneous acid
30 catalyst to prepare monosaccharides.

As the reaction systems, for 1instance, oxidation
reactions such as epoxidation reaction, alkane oxidation
reaction, aromatic branched chain alkyl group oxidation
reaction, aromatic hydroxyl group oxidation reaction and

35 alcohol oxidation reaction; acid catalyzed reactions such as
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When a hydrolysis reaction was performed at 150C for 6 hours, 35 generation of 0.5 g of glucose was
observed. From this, it was found that the catalyst recovered by membrane separation could be
recycled as-is without undergoing a concentration operation or the like. [0130] 5(Example 9) In a
pressure-resistant container, 20.0 g of 10% aqueous solution of phosphotungstic acid and 2.0 g of
Avicel were mixed, and a saccharification reaction was carried out at 150C. The reaction solution was
sampled over time to measure the glucose 10 yield and selectivity. The results are shown along with
the reaction conditions in Table 1. Subsequently, solid content was removed by filtration from the

reaction solution after he reaction to obtain,a saeehayification salution. Inaddifion, when aseparation

experiment of the %Ig?’aﬁffs% and monosaccharide 15 was carried out using the saccharification solution
by a similar metHGtPR Exanfisie FB G4iRg NTRIAE0{Hanuficifed byWitto Benk6 TSP 4k the
separation merabrane; satisfadtory separatiartresults equivatent tol Examples3 wererebtained: [0131]

20(Examples 10 fo J4).. ; , Hydralysis reaction of Awicelwith, phasphotungstic aeid as dhe gafalyst was

carried out under various conditions. That is to say, it Wasﬁperforrr%ed with methads simlgégel_;xample

9, but the phosPhGTRGSHE At édncehtralion tHe feactiSh 25 e mefatiraand tHE Fehctivh firhe were
changed to eachsobtite manditions dndivatett e Taisid noTheesiiltsrare aiso shevirvalngria Table 1.

Although the glygese yieldingreaseswith reagtiondime selactivity decreases. Thisds duertp excessive
degradation occurring. From the r%ultg%gggle 1, Sng)@ %ggivlilt&/vas fgu@ldo}f(i) b%rtl)egerswggq_t e
catalyst concenafrakﬁ]on%fflgsr%r?E)%&Cfm%ﬁas an 11%1;1 comparison in the same extent of glllucose yield). In
addition, when #i7& feactibn termpératareiwas higher, SeRechivity Was alsd fBGRE €568 PettePCLd
(comparison of Examples 10manshl1): Next, nstagrthesvariousz35 sacchatification-salution ebtained,

when a membr%%%gg%@tiggt%@e{meng for ths catalystand monasaceharide was camiad.out by

similar methods to Example 3, satisfactory separation results equivalent to Example 3 were obtained.
[0132] 5(Compgﬁﬁ%§(%5@ﬂrificatlon method is one of the oil substitution

energy techniques drawing attention in recent years, and
applying the present invention to such & technique has

15 vparticularly important technical significance as biomass
product purification technique and cost reduction technique.

In the preparation of monosaccharides from biomass,
saccharides, which are the reaction products obtained by the
biomass saccharification reaction, are contained in the

20 homogeneocus acid catalyst-containing solution after the
reaction, and the homogenecus acid catalyst separation method

of the present invention can be used suitably to the step of
separating homogeneous acid catalyst and saccharides from such

a homocgeneous acid catalyst-containing solution. That is to

25 say, it is one preferred embodiment of the homogeneous acid
catalyst separation method of the present invention to use the
homogeneous acid catalyst separation method of the present
invention in the monosaccharide preparation method of the
present invention when carrying out the homogeneous acid

30 catalyst separation step by way of the step (A). When using
the homogeneous acid catalyst separation method of the present
invention in the monosaccharide preparation method of the
present invention, it is preferable to use the preferred mode

in the homogeneocus acid catalyst separation method of the

35 present invention described above.
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Hydrolysis reaction of Avicel was carried out similarly to Example 9 but using 1% sulfuric acid as the
catalyst. The reaction results are shown in Table 1. Compared to phosphotungstic acid, both selectivity
and reaction speed were 10 found to be low (comparison to Example 9 with the same extent of proton
amount). Next, using the obtained saccharification solution, membrane separation experiment for the
catalyst and monosaccharide was carried out by similar methods to Example 3. Sulfuric acid, which is
the catalyst, and glucose were not 15 separated at all, both permeated the membrane and were
recovered on the permeation side. [0133] [Table 1] Example/ Comparative Example Catalyst

concentration Reaction JTemperature Reactionfime Glucose yield-3electiyity,cose, xylose,

10

15

20

25

30

35

arabinose, mannose, galactose, uronic acid, glucosamine, and

the like, may be cited.

Effect of the Invention
[0115]

The monosaccharide preparation method of the present
invention comprises the constitution described above and allows
monosaccharides to be prepared efficiently and economically
from an inexpensive biomass such as lignocellulose, thus, it
is a preparation method that can be used suitably as raw
materials to prepare chemical products such as ethanol and
lactic acid.

In addition, the homogeneous acid catalyst separation
method of the present invention comprises the constitution
described above and allowing a homogeneous acid catalyst to be
separated.fromjahomogenéous acid catalyst-containing solution
with high efficiency and a high homogensous acid catalyst

recovery ratio to be obtained, at low energy cost.

BRIEF DESCRIPTION OF THE DRAWINGS
[0116]
[FIG. 1] Fig. 1 shows one example of process flow for preparing
monosaccharides frombiomass using a homeogeneous acid catalyst,

and for recovering the catalyst.

FXPLANATION CF NUMERAL(S) AND SYMBOL(S)

[0117]

a: Pretreatment (pulverizing, hot water treatment and the like)
b: Saccharification (hydrolysis of polysaccharides using a
homogeneous acid catalyst)

c: Solid-liquid separation

d: Membrane separation treatment (molecular sieve membrane)
e: Thermal decomposition treatment
£

Elution treatment
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1 hour 17% 96% Example 9 10% 150C 3 hours 28% 88% 6 hours 38% 78%
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BEST MODE FOR CARRYING OUT THE INVENTION
[0118]

Hereafter, examples will be given to described the
present invention in further details; however, the present
invention is not limited to these examples only. Ncte that,
unless expressly stated otherwise, "parts” means "parts by
weight" and "%" means "mass%".

[0119]

The analytical methods and calculation methods used in
the examples are shown below.

(Quantification of monosaccharides)

The guantification of monosaccharides was carried out by
ligquid chromatography (HPLC). For the column, TSK-GEL Amide80
manufactured by Tosoh Corp. was used, and detection was carried
out with a refractometer (RI}'. The yvieldof themonosaccharides
was calculated according to the formula below:
Monosaccharide vyield (mass%) = total mass of generated
menosaccharides/mass of raw materials polysaccharides x 100

Here, the mass of raw materials polysaccharides is, in
the case of cellulose, the dry mass of the raw materials
cellulese, and in the case of palm empty fruit bunches (fruit
bunches after removal of palmnut; hereafter referred to as palm
EFB), the dry mass of raw materials palm EFB.

[0120]

(Quantification of by-products)

The gquantification of by-products was carried out by HPLC.
For the column, TSK-GEL 0DS-100V manufactured by Tocsoh Corp.
was used, and detection was carried cut by using an ultraviolet
spectrophotometer (UV} and RI. The monosaccharide selectivity
of the saccharification reaction was calculated according to
the formula below:

Selectivity {mass%) = total MASS of generated
monosaccharide/total mass of products (monosaccharides and

by-products) x 100
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30 minutes 29% 93% Example 10 30% 150C 1 hour 38% 87% 2 hours 44% 74% 1 hour
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By-products are furfural, hydroxymethyl furfural, formic
acid, levulinic acid, and acetic acid which are generated by
overdegradation of monosaccharides.

[0121)

(Quantificaticon of acid)

The concentration of sulfonic acid compound in solution
was calculated from the sulfur amount determined by inductively
coupled plasma analysis (hereafter, ICP analysis) using
TCPE-8000 manufactured by Shimadzu Corp. In addition, the
in-socluticn phesphotungstic acid concentration was calculated
from the tungsten amount determined by ICP.

{(Catalyst guantification in solid)}

The amount of phosphotungstic acid present in solid was
determined from the tungsten amount determined by X-ray
fluorescence measurement {(preoportion occupied in ash) and the
ash amount determined by ash measurement.

{Catalyst recovery ratioc)

The catalyst recovery ratio was calculated according to
the formula balow:

Catalyst recovery ratio (mass%) = mass of recovered
catalyst/mass of catalyst present prior to recovery x 100
[0122]

(Example 1)

A pressure-registant container with an internal volume
of 15 ml was lecaded with 2.0 g of a 30% aqueous solution
polystyrene sulfonic acid (Polysciences, Inc.; average
molecular weight: 70,000) as a homogeneous acid catalyst and
1.0 g of pulverized palm EFB {obtained from Indonesia, dried,
then pulverized with a cutter mill} as the raw materials
polysaccharides, and hydrolysis reaction was performed at 90°C
for 2 hours. After the reaction, reaction sclution and
undegraded residues (lignin is the main constituent) were
gseparated by filtration. When the reaction solution was
analyzed by HPLC, the monosaccharides glucose, =xylose and

mannose were generated, the total yield thereof was 30% (which
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17% 97% Example 11 30% 135C 3 hours 30% 89% 9 hours 40% 71% Example 12 10% 180C 10
minutes 50%

means 0.30 g of moncsaccharides were cbtained from 1.0 g of raw
materials).

In addition, undegraded residues were washed with 5 ml
of water and the wash was recovered. The recovered reaction

5 solution and wash were placed into a centrifugal concentrator
equipped with a separation membrane (Sarteorius K.K., Vivaspin
20; inner volume: 20 ml; molecular weight cut-off: 10,000;
membrane material: polyether sulfone; membrane surface area:
6.0 cm®) and subjected to a centrifuge (4,000 G, 10 minutes).

10 At a stage where the solution was concentrated to approximately
5 ml, 10 ml of water was added and centrifugal separation
treatment was carried out again. The same operationwas further
repeated twice, finally concentration was carried out to
approximately 8 ml, approximately 35 ml of permeate containing

15 mainly monosaccharides and 8 ml of concentrate containing
mainly catalyst (approximately 8 g) were obtained. The
catalyst concentration of the concentrate was 32%, which was
a concentration of 1.1 times with respect to the initial
solution (30%). The catalyst recovery ratio was 95%. The

20 catalyst could be recovered at a high concentratiocn and with
a2 high recovery ratio.

8 g of concentrate containing the recovered catalyst was
mixed as~is with 1.0 g of palm EFB to carry out a hydrolysis
reaction again. The total yield of monosaccharides with a

25 reaction at 90°C for 2 hours was 30%, and it was found that the
catalyst recovered by membrane separation could be recycled
as-is without regquiring a concentration operation or the like.
[0123]

(Example 2)

30 In a similar manner to Example 1, 2.0 g of 10% aqueous
solution of lignih sulfonic acid {(Aldrich; average molecular
weight: 7,000; acid form converted from sodium salt form with
an ion-exchange resin) as a homogeneous acid catalyst and 1.0
g of pulverized palm EFB were loaded, and hydrolysis reaction

35 was performed at 120°C for 2 hours. After the reaction, the
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75% Example 13 5% 185C 10 minutes 47% 78% Example 14 1% 200C 5 minutes 21% 93%
Comparative 1% 150C 3 hours 19% 86%
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reaction solution was separated by filtration from undegraded
residues. The total yield of monosaccharides was 32%.

In addition, undegraded residues were washed with 5 ml
of water and the wash was recovered. The recovered reaction
solution and wash were placed into a centrifugal concentrator
equipped with a separation membrane (molecular weight cut-off:
3,000) and subjected to a centrifuge (4,000 G, 10 minutes). In
a similar manner to Example 1, monosaccharides and catalyst were
separated by membrane separation. The liguid amount of the
final catalyst concentrate was 5 ml {(approximately 5 g), the

catalyst concentration was 15%, which was a concentration of

1.5 times with respect to the initial sclution (10%). The
catalyst recovery ratio was 50%. The catalyst could be

recovered at a high concentration and with a high recovery
ratio.
[0124]

(Example 3)

A pressure-resistant glass bottle with an inner capacity
of 50 ml was loaded with 20.0 g of 10% agueous sclution (pH 0.9)
of phosphotungstic acid (manufactured by Nippon Inorganic
Colour & Chemical Ce., Ltd.; meisture content of approximately
16% as crystallization water; molecular weight without
moisture: 2881) as a homogeneous acid catalyst and 4.0 g of
microcrystalline cellulose Avicel (manufactured by Merck Ltd.},
and saccharification reaction was performed at 150°C for 6 hours
while shaking with an’oil shaker. The glucose yield was 37%
and the glucose selectivity was 80%. After the reaction, the
solids remaining without being dissoived waere removed by
centrifugal separation to obtain a reaction solution. The
solids were further washed with approximately 50 g of water and
a sample (saccharification solution A) was obtained by
combining the wash with the reaction solution.

Subsequently, a separation step of moncsaccharide and
catalyst was performed. That is to say, 40.7g of the above

saccharification solution iy {containing 1.4 g of
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8 hours 27% 70% Example_ 1 [0134] (Example 15) 5Saccharification reaction of palm EFB and
catalyst recovery were carried out by the series of processes indicated below. Pretreatment step
(1)__(hot water treatment): first, the operation of eliminating soluble salts by hot water treatment

phosphotungstic acid and 0.7 g of glucose) was added to a
stirring separation membrane evaluation apparatus UHP-43K
(manufactured by Advantec Co., Ltd.) eguipped with the flat
sheet membrane NTR-7450 (manufactured by Nitto Denko Corp.;
5  material is sulfonated polyether sulfone, an organic polymer),
a nano-filtration membrane serving as a molecular sieve
membrane. Subsequently,theconcentrateside(sidecontaining
saccharificationsblution}U was pressurized to 0.3 MPa tocarry
out membrane separaticn, and approximately 20 g of permeate was
10 obtained on the permeation side across from the membrane. The
operation of adding approximately 20 g of water to the
concentrate, carrying out membrane separation and obtaining
approximately 20 g of pefmeate was repeated twice, and
ultimately 13.7 g of concentrate {catalyst recovery solution
15 A) and a total of 63.8 g of permeate were obtained. The acid
concentration of the concentrate was 10.2% and the acid
concentration of the permeate was 0.004%. The catalyst
recovery ratio was calculated to be 99.8% (based on permeate),
which was found to be an extremely high recovery ratio. 91%
20 of glucose was present in the permeate, 1t was found that the
catalyst and glucose could be separated with a membrane.
Subseguently, a catalyst recycling step was carried out.
A glass bottle was loaded with 10.0 g of the catalyst recovery
solutimlebtainedearlierand2.0g;ofAvicei,andeahydrolysis
25  reaction was performed at 150°C for 6 hours. The glucose yield
was 38% and selectivity was 78%, which were eguivalent to the
first reaction. From this, it was found that the catalyst
recovered by membrane separation could be recycled as-is
without undergoing a concentration operation or the like.
30 [0125]
(Example 4)
Similarly to Example 3, saccharification reaction with
vhosphotungstic acid as the catalyst and membrane separation
experiment were carriedout. However, this time, the flat shest

35 membrane NTR-7410 (manufactured by Nitto Denko Corp.), a
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10 was carried out (desalting step). That is to say, 12.5 g of pulverizedpalmEFB (10% water content)
and 50 g of ion exchanged water were loaded into a 100 ml pressure-resistant container, the container
was sealed and heated at 150C for 30 minutes. Thereafter, the reaction solution and the solid residues
15 (designated by residue A) were separated by filtration, furthermore, residue A was washed with 20
g of water twice . When the recovered reaction filtrate and the washes were analyzed by ICP, although
no generation of monosaccharides was observed, elution of soluble salts such as potassium, sodium,
calcium and magnesium was observed. Pretreatment step (2) (dilute sulfuric acid treatment):
subsequently, decorrl%o ition f,hemi}g{:lgllliljl%g1 gy d{!,%tg 5usuelafgri gcigﬁrga%%rg (yylals%%arrg%gggt
(hemicellulose rémoval’s epr)fa othe Shfire dmolnt o r_esﬁue A% 5.6 g of water wet od)%, 0.25 g of
sulfuric acid antls36:6 grot purbwateEwErdnsi%eBfiRal cth@htrativh BESHUFE2GEP6.496) And
heated in a pressure;resistagt coptaingrsat ¥2QCHor dhousdl@:Thereafter; the teactior:solutivh and
the solid residug]% (gﬁﬂgg@tgdhpélsrels%@:\ggrqﬁeg%r@t%g}ﬁgg@gn, furthermore, solid residue B
was washed with 20 g of water twice. When the recovered reaction filtrate and the washes were
analyzed, éene?&ﬂ@ngéf 1.9 g of xylose, 0.1 g of glucose and 15 0.1 g of mannose was observed.

Saccharification step (hé&terapplyacidl treatment): subsequently, cellulose saccharification reaction with
heteropolyacid as catalyst\as caried au-Te the entire-amauntefdesidye R 216 gwater wet), 3.75
g of phosphotungsti‘c120 acid as the catlf%/?s %ndtSY.Zi% of pure W@é%r V\S/e%eoiddseldogin Igogcgrgtration
of catalyst: 6%)° Hhd teated BP 175¢7r 3 Holrs™ Thereafter: thé Feaction solution and fhe solid
residues (designéted byrésidue T} et sEsardtea by itration: AerthErfbre, resid e edvasiRashed
with 20 g1of waterdwicer \When-25 the-recaveredsreaetian filteate andribe yvashesi(80. 5 gdm datal) were

analyzed, generation of.a total of 1.8 g of se w bsetv addition, fr resylts of ICP
measurementsf“QT.ﬂleé: Pf]lt%%alwoefjtﬁjg%étag’ysgt%i%s%%(ﬁ%ggsét%fgg gV\]/Ca[s fﬁ%%}%ogge}%%sent in the
reaction filtrate Bn@°the” washds (559 HntotAtse BF |0Aded catbfy stf Meanwie S wheR redidiie®C was

dried and phosphetungstie asishwas guantified hyyash ameaupi méasarerment and flurreseariceiX-ray,

1.8 g of phosph IG.acl in resi %ameyat of loaded gatalyst).
Phosphotungstﬁ%@gg%ﬁédfg ggﬁgd%ﬁ%%ﬁﬂ%%ﬂggduegg %E%%ﬁﬁ%x mple 16 %atalyst
[

recovery from réagtioh ¥ofltohe dsing the18actioh SIiitich Shtdif Yati

Sample 15" e Gpetation of
recovering phosphaturgstic acid from therreagtien solution was 5 carried out. That is to say, from the
mixed solution gfreagtion filtrate and washes obtained in the heteropolyacid treatment of Example 15,
38 g (containing 1.0 g of hos%qgugﬁstic acid and 0.9 g of glucose) was subjected to membrane
separation similarly to using the separation membrane NTR-7450. 10 However, the
operation condition wasroord temperatireaHtRthbldper ation pleastie Was 0763 MERsE At réstitt, for
phosphotpngstis sagid, £9% or-grepterasregovered gnithg cancentratiorside andlfatglicoss, 90%
or greater was Sty red on the permeation side, Wimately phosphotungsticacid was 1301 o r
concentrated td 896’ . . ,
ratio; manufactured by Aldrich; used after converting into acid
form with an ion-exchange resin; average molecular weight;
20,000) as the catalyst. With a reaction at 150°C for 2 hours,
25 the glucose yieldwas 22% and selectivity was 79%. Furthermore,
similarly to Example 3, a membrane separation step was performed
but this time the ultrafiltration capsule Minimate 65D
imanufactured by Pall Corp.) equipped with an ultrafiltration
membrane (Omega series 65D manufactured by Pall Corp.) was used
30 during membrane separation. As a result of carrying out the
membrane separation step, 84% of catalyst was recovered in the
concentrate and 91% of glucose was recovered in the permeate.
[0128]
(Example 7]
35 Palm EFB demineralization and hemicellulose removal step
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[0136] (Example 17) Catalyst recovery from solid residues (organic compound thermal
decomposition): catalyst recovery operation from 20 residues by thermal decomposition of organic
compound was carried out. That is to say, residue C obtained in Example 15 was dried (6.4 g dry
weight), of which 0.5 g (containing 0.14 g of phosphotungstic acid) was taken to a calcination dish and
heated in a muffle furnace at 450C for 1 hour. Note that air 25 was supplied during heating. After
heating, 0.15 g of brown residue was obtained. This residue was added with 1.0 g of pure water and
stirred at room temperature for 30 minutes to elute water-soluble constituents and subjected to
centrifugation, and the supernatant aft%

) é C@Cntrigu %ti%n Waszrggover%d. 'I\{'}@ige%p. %%%[atioT r}{v%%]gurther
repeated twice 4hd & ?olfgll&daﬁﬁlr%xma eéiy 3" g o% 2IU4tE Was obfained. When tHis elate was analyzed
by LC, 0.11 g of phisphoturdstic acitf vids bseried Fesoveryatib: B5u)  The tetehiion HiRedn the
LC analysis was the;same,as a ftesh catalyst agd No-structyral alteratiaRd heated at 125°C
for 3 hours. Thereafter, the liguid content and the solid
5 content were separated by filtration, furthermcre, the solid
content was washed with water. When the recovered filtrate was
analyzed, the generation of 0.4 g of xylose and 0.03 g of giucose
was observed. Meanwhile, the soclid content (wet) was placed
into a pressure-resistant container, 2.0 g of phosphotungstic
10 acid was added as a catalyst, furthermore, water was added so
as to reach 20.0 g in total reactants. This was heated at 150°C
for 6 hours while shaking with an oil shaker to perform a
hydrolysis step. When the reaction solution was analyzed, the
generation of 0.5 g of glucose was observed. Thereafter, the
15 solid content was removed by similar methods to Example 3 to
obtain a saccharification solution.
Subsequently, separation step of the monosaccharide and
catalyst present in the saccharification solution was performed.
The membrane separation was carried out in a similar manner to
20 the method described in Example 3. That is to say, NTR-7450
(manufactured by Nitto Denkc Corp.} was used as a molecular
sieve membrane. As a result of membrane separation, 29.8% of
phosphotungstic acidwas recovered in the concentrate (catalyst

recovery solutiocn B) and 90% of glucose was recovered in the

25 permeate. An extremely high catalyst recovery ratioc was
obtained.
(01297
{Example B8)

Subsequently to Example 7, a catalyst recycling step was

30 carried out. Palm EFB was prepared, which was treated for
demineralization with entirely equivalent methods and amounts

to Example 7, and mixed with the catalyst recovery solution B
‘phosphotungstic acid concentration: 10.4%) obtained earlier.

When a hydrolysis reaction was performed at 150°C for 6 hours,
35 generation of 0.5 g of glucose was observed. From this, it was
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35 was observed. From this, it was found that the catalyst phosphotungstic acid could be recovered
from solid residues by thermally decomposing the organic compound. [0137] (Examples 18 to 22)
5Catalyst recovery from residue C was attempted under various temperature conditions. The recovery
experiment was carried out entirely similarly to Example 17, but the heating temperature and time
were changed to the conditions indicated in Table 2. The recovery ratio of phosphotungstic acid is
shown 10 along in Table 2. Note that in Examples 21 and 22, which uses high temperature
conditions, there was almost no recovery as phosphotungsten. It was found that under high

temperature conditions, phosphotungstic acid undergoes dehydration, 15 generati n rioxide.
Thus, when theffé‘%é]s“%ﬁe?kh%a?ﬁ% dretrbs e%vv%ﬁﬁgfl?éfi Tg’é{ftjbero%%esc%a |(E)1n§ %?%%s%%ﬁ?n&
hydroxide), it wias foundthatitawas. eluted et igats §or BARIHACEoUT belraBoverdd (6138]

20[Table 2] Exaypple,Heating temperature Heating time Phosphotungstic acid recovery ratio Remarks
(01301
5 (Example 9)

Tn a pressure-resistant container, 20.0 g of 10% aqueous
solutioncﬂfphosphotungsticacidawmi2,0g(yfhvicelwerenﬁxed,
and a saccharification reaction was carried out at 150°C. The
reaction solution was sampled over time to measure the glucose

10 yield and selectivity. The results are shown along with the
reaction conditions in Table 1. Subseguently, solid content
was removed by filtration from the reaction sclution after the
reaction to obtain a saccharification solution. In addition,
when a separation experiment of the catalyst and monosaccharide

15 was carried out using the saccharification solutionby a similar
‘method to Example 3 by using NTR-7450 (manufactured by Nitto
Denko Corp.) as the separation membrane, satisfactory
separation results equivalent to Example 3 were obtained.
[0131]

20 (Examples 10 to 14)

Hydrolysis reaction of Avicel with phosphotungstic acid
as the catalyst was carried out under various conditions. That
is to say, it was performed with methods similar to Exemple g,
but the phosphotungstic acid concentration, the reaction

25  temperature and the reaction time were changed to each of the
conditions indicated in Table 1. The results are also shown
along in Table 1. Although the glucose yleld increases with
reaction time selectivity decreases. This 1s due to excessive
degradation -occurring. From the results of Table 1,

30 selectivity was found to be Dbetter when the catalyst
concentration higher (Examples 9 and 10; comparison in the same
extent of glucose yield). In addition, when the reaction
temperature was higher, selectivity was also found to be better
(comparison of Examples 10 and 13). Next, using the various

35 saccharification solution obtained, when a membrane separation



Example 17 450C 1 hour 85% - Example 18 450C 3 hours 90% - Exam.ple 19 400C 1 hour 20% -
Example 20 500C 1 hour 70%

experiment for the catalyst and monosaccharide was carried out
by similar methods to Example 3, satisfactory separation
results equivalent to Example 3 were obtained.
[0132]

5 (Comparative Example 1)

Hydrolysis reaction of Avicel was carried out similarly
to Example 9 but using 1% sulfuric acid as the catalysgt. The
reaction results are shown 1in Table 1. Compared to
phosphotungstic acid, both selectivity and reaction speed were

10  found tc be low {comparison to Example 2 with the same extent
of proton amount). Next, using the obtained saccharification
solution, membrane separation experiment for the catalyst and
monosaccharide was carried out by similar methods tc Example
3. Sulfuric acid, which is the catalyst, and glucose were not

15 separated at all, both permeated the membrane and were recovered
on the permeation side.

[0133]
[Table 1]
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- Example 21 600C 1 hour 1 % Phosphotungstic acid recovered with alkali treatment Example 22

1000C 1 hour 0% Phosphotungstic acid recovered with alkali treatment [0139] (Example 23)
25Catalyst recovery from solid residues (organic solvent

Example. Catalyst Reaction
Comparative . Reaction time | Glucose vyield Selectivity
Example concentration | Temperature
1 hour 17% 96%
Example 9 10% 150°C 3 hours 28% 88%
6 hours 38% 78%
30 minutes 29% 93%
Example 10 30% 150°C 1 hour 38% B87%
2 hours 44% 74%
1 hour 17% 87%
Example 11 30% 1358°C 3 hours 30% 89%
9 hours 40% 71%
Example 12 109% 180°C 10 minutes 50% 75%
Example 13 504 185°C 10 minutes 47% 78%
Example 14 1% 2060°%C 5 minutes 21% 03%
Comparative 19 150°C 3 hours 19% 86%
Example 1 8 hours 27% 70%
[0134]
(Example 15)
5 Saccharification reaction of palm EFB and catalyst

recovery were carried out by the series of processes indicated

below,

Pretreatment step (1) (hot water treatment): first, the

operation of eliminating scluble salts by hot water treatment
12.5 g of

pulverized palmEFB (10% water content) and 50 g of ion exchanged

10 was carried out {desalting step). That is to say,

water were loaded into a 100 ml pressure-resistant container,

the container was sealed and heated at 150°C for 30 minutes.
Thereafter, the reaction solution and the solid residues
separated by filtration,

When

15 {(designated by residue A) were
furthermore, residue A was washed with 20 gof water twice.
the recovered reaction filtrate and the washes were analyzed

by ICP, although no generation of moncsaccharides was cbserved,
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elution): catalyst elution experiment from residues by organic solvent treatment was carried out. That
is to say, 0.1 g of dry body of residue C (containing 0.027g of phosphotungstic acid) obtained in
Example 15 was mixed with 1 ml of an aqueous 5 solution of 50% acetone and stirred at room
temperature for 30 minutes. Thereafter, solid-liquid separation was carried out by centrifugal
separation and a supernatant (eluate) and solid residues were obtained. Similar operation was
repeated twice to carryout elution and a total of approximately 3 ml of eluate 10 was obtained. When
the eluate was analyzed by LC, 0.023 g of phosphotungstic acid was observed (recovery ratio: 85%).
From this, it was found that the catalyst phosphotungstic acid could be recovered hy acetone elution.
[0140] 15(Examep£él§ éﬂ%@SfOEu%aﬁaﬁ%f %%ﬁélrlc }éx%ser?rﬁgr?t%sﬁel%’cgr?%%%ﬂdt Wit %Jéﬁ%uasng{uents
to investigate tHeRifflEEACE 0F SGlVERSSHEERES: Experiments were carried out entirely similarly to
Example 23 except thatvariousselnents werg-used insteadtof amaquedus 20isolutiern ofi50%) acetone.
In order to C'ea@wg?g&a%Jéﬁh,solvsd@tc%%&%sﬁ@ﬁfsylencgﬁ phasphatyRasticacid glutiog,rafies were
compared at the time point of the end of one elution operation. The results are shown in Table 3. Note
that, in the alkaff freStrhéfit BF Ekdmpid TEeefulic as folfid fbe (G635 fifngstateion: f6' 41 -
(Comparative Examples 2rand3 entCatalysielutiors Expermants vereé catrigddutsimiarly 6
Example 23, using:yatersand;ag aqueous solution.of 96 sulfurie 39 acid £The resultsare shown
together in Table 3."With_water and sulfuric acid, the_catalyst was foun(gnt a@ st not edgjte.%OéIﬁZ]
[Table 3] [0143]tERAMpIe 28} %&%ﬁgﬁﬁ@attfo?\nefgeﬁ@ef%r of painh F% '\/ve"% 'cdivied 6t By the

series of processes mdipatedshefewresistant container at 150°C for 1 hour.
10 Thereafter, the reaction soclution and the solid residues

(designated by residue B) were separated by filtration,
furthermore, solid residue Bwas washedwith 20 g of water twice.
When the recovered reaction filtrate and the washes were
analyzed, generation of 1.9 g of nylose, 0.1 g of glucose and

15 0.1 g of mannose was observed.
Saccharification step (hetercpolyacid treatment):

subsegquently, cellulose saccharification reaction with
heteropolyacid as catalyst was carried out. To the entire
amount of residue B {21.6 gwaterwet), 3.75 g of phosphotungstic
20 acid as the catalyst and 37.2 g of pure water were added (final
concentration of catalyst: 6%), and heated at 175°C for 3 hours.
Thereafter, the reaction solution and the solid residues
(designated by residue C) were separated by filtration,
furthermore, residue C was washed with 20 g of water twice. When
25 the recovered reaction filtrate and the washes {(80.5 g in total)
were analyzed, generation of a total of 1.8 g of glucose was
observed. In addition, from the results of ICP measurements,
2.1 g in total of the catalyst phosphotungstic acid was found
to be present in the reaction filtrate and the washes (55% amount
30 of loaded catalyst). Meanwhile, when residue C was dried and
phosphotungstic acid was gquantified by ash amount measurement
and flucrescence X-ray, 1.8 g of phosphotungstic acid was found
to be present in residue C (453% amount of lcaded catalyst).
Phosphotungsten was found to be adsorbed on solid residues.
35 [0135]
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Pretreatment step (1): dilute sulfuric acid treatment for the purpose of elimination of soluble salts and
hemicellulose degradation were carried out (nemicellulose removal step). 10 That is to say, 24.0 g of
pulverized palm EFB (10% aqueous body) and 120 g of an aqueous solution of 1% sulfuric acid were
loaded into a 200 ml pressure-resistant container, the container was sealed and heated at 150C for 1
hour. When the reaction solution was analyzed by LC, generation of 4.8 g of xylose, 0.2 15 g of
glucose and 0.2 g of mannose (total monosaccharide yield was 24%) was observed. Thereafter, the
reaction solution and solid residues were separated by filtration, furthermore, the residues were
washed with 200 g of w ter threLe tlT s. When the residues after washing were subjected to vacuum
drying (70C, 202 hours) o so (pretreated EFB- 1) was obtalned (Welght yield based on dry
body: 71%). , 7 - : pUtBSSE of lftnination
of lignin was ca,r@g@@ybn(de(hgmﬁe@&rprbﬁe@)r rilartat r.sﬂowfr@m the obtmgeebpeeteetateah EFB-1, 1.0
g was fractionajed, mixed with |1 §%% %%%ﬁé?&l%ﬂfér?e@@%&o{%}?%%ﬁ%ﬁ% »Odm|

at trea

pressure- resistant contalne? &n ent at 120C for 5 2 hours was performed. Thereafter,

solid- Imum%epﬁﬁa%%h%%%rrleﬁlb%ﬁ By fitfration: ardPBofill FeSidiRd Siere WHRRSH Wit 50 Tibf pure
water three times. ther, afterdeing sabjectad:tovat uum drging e 0 St ap of salidi(Prétreated<ErB-2)
was obtained. 10Catalyst ?95950t'%e§p%6}‘?£‘éﬂh§r%“t[e @mount ofpreeated-ERB-2-obtaired in

the above step was mixed with 10 ml of an aqueous solution of 1% phosn%ir)\otu egstrc acid %nd heated

at 150C for 30 fltutds “AfferddttiAg SEHRFLtll A SnialCamsURt of SUpSrRAtATt Was Subjécted 1o LC
analysis, the 1% ¢oricentraticrook fresphosphictingstio acie wasadetermitredh aaa amébnt’dr 0 -

phosphotpngstigacid-adsorbed to-pretreated Ehitwas calauateth As asesull the:adsarpliameatio was

58%. Cellulose saccharification experiment: after the ve cata&/é:.t aglsorgté%%penr%@ 049
of phosphotungs‘%L s ac}dl 90 wal "t adsdsedlp {0 the reactr?nésollﬁ%% so as to bring the catalyst

concentration t8596 i keatihg af £50C for 2 Kiurs, rrbRATIfCARorF REETER B celfulosiSvas
carried out. The.amesnt of glusasei generatetbwasl 0.d6sg: Catalyst recevery expgerimentveatalyst
recovery from the 25 teaction solulion wasgarier out, That 5 (s thesagsbhedicationyreagtion
solution obtarne bove sacc cation experiment was subjected to solid-liquid separation by
filtration, and s&ﬂi“fé%ﬁ@tﬂﬁéiret\ﬁaéﬁed with 20 ml of pure water twice. The reaction filtrate and the
washes 30 werg¢gmixéd, from which 40 g was used to carryout phosphotungstic acid recovery
experiment similarly to fxa 3 With the separation membrane NTR-7450. The recovery ratio of the

0,
catalyst was 99% or gree;[ealysff:4 35%\;(&?1 es301034). _ cidues (organic compound

thermal decomposition): catalyst recovery operation from

20 residues by thermal decomposition of organic compound was
carried out. That is to say, residue C obtained in Example 15
was dried (6.4 g dry weight), of which 0.5 g (containing 0.14
g'ef phosphotungstic acid) was taken to a calcination dish and
heated in a muffle furnace at 450°C for 1 hour. Note that air
25 was supplied during heating. After heating, 0.15 g of brown
residue was cbtained. This residue was addedwith 1.0 gof pure
water and stirred at room temperature for 30 minutes to elute
water-soluble constituents and subjected to centrifugation,
and the supernatant after centrifugation was recovered. This
30 operation was further repeated twice and a total of
approximately 3 g of eluate was obtained. When this eluate was
analyzed by LC, 0.11 g of phosphotungstic acid was observed
(recovery ratic: 85%). The retention time in the LC analysis
was the same as a fresh catalyst, and no structural alteration

3%  was observed. From this, it was found that the catalyst
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A series of experiments were carried out similarly to Example 29 but changing the conditions of
pretreatment step (2) . Instead of 50% acetone, a variety of treatment solutions and treatment
conditions indicated in Table 4 were used. However, 5 in Example 34, catalyst adsorption experiment
was carried out immediately using 1.0 g of pretreated EFB-1 without carrying out pretreatment step
(2). These results are shown in Table 4. It was found that performing treatments that eliminate lignin,
such as organic solvent treatment and alkali treatment, 10 decreases the catalyst adsorption ratio.
[0145] [Table 4] Catalyst recovery experiment result, Catalyst recovery ratio %66< %66< %66< %66<

Not performed  Saccharification experiment gSult BIUS0SS ASNESPHOBAMBYNY residues by
thermally decomposing the organic compound.
(0137}

(Examples 18 to Z2)

5 Catalyst recovery from residue C was attempted under
various temperature conditions. The recovery experiment was
carried out entirely similarly to Example 17, but the heating
temperature and time were changed to the conditions indicated
in Table 2. The recovery ratio of phosphotungstic acid is shown

10 along in Table Z.

Note that in Examples 21 and 22, which uses high
temperature conditions, there waé almost no recovery as
phosphotungsten. It was found that under high temperature
conditions, phosphotungstic acid undergoes dehydration,

15 generating tungsten trioxide. Thus, when the residues after
heating were treated with alkali (aqueous solution of 1% sodium
hydroxide}, it was found that it was eluted as tungstate ion
and that it could be recovered.

[0138]
20 [Table 2]

Example Heating Heating time Phosphotungstu? acid Remarks
temperature recovery ratio
Example 17 450°C 1 hour 85% -
Example 18 450°C 3 hours 90% —
Example 19 400°C 1 hour 20% -
Example 20§ 500°C T hour 70% —
Phosphotungstic acid
Example 21 600°C 1 hour 1% recovered with alkali
treatment
Phosphotungstic acid
Example 22§ 1000°C 1 hour 0% recovered with alkaii
treatment
10139]
(Example 23)
25 Catalyst recovery from solid residues (organic solvent
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9V0" "(") Not performed 29 L Catalyst adsorption experiment result, Catalyst absorption ratio %89
%GS %LC %9 L %SC %E9 Treatment conditions in pretreatment step (2) 1 20C, 2hours 1 20C,
2hours

elution): catalyst elution experiment from residues by organic
solvent treatment was carried out. That is to say, 0.1 g of
dry body of residue C (containing 0.027¢ of phosphotungstic
acid) obtained in Example 15 was mixed with I ml of an aqueous
5 asolution of 30% acetone and stirred at rcom temperature for 30

minutes. Thereafter, solid-liguid separation was carried out
by centrifugal separation and a supernatant {eluate) and solid
residues were obtained. Similar operation was repeated twice
to carry out elution and a total of approximately 3 ml of eluate

10 was cbtained. When the eluate was analyzed by LC, 0.023 g of
phosphotungstic acid was observed (recovery ratio: 85%). From
this, it was found that the catalyst phosphotungstic acid could
be recovered by acetone elution.
[0140]

15 (Examples 24 to 28)

Catalyst elution experiments were carried out Wwith
various eluents to investigate the influence of solvent species.
Experiments were carried out entirely similarly to Example 23
except that various eluents were used instead of an agueous

20 solution of 50% acetone. In corder to clearly establish the
solvent species differences, phosphotungstic acid elution
ratios were compared at the time point of the end of cne elution
operation. The results are shown in Table 3. Note that, in
the alkali treatment of Example 28, elution was found to be as

25 tungstate ion.

[0141]

(Comparative Examples 2 and 3)

Catalyst elution experiments were carried out similarly
to Example 23, using water and an aqueous sclution of 1% sulfuric

30 acid. The results are shown together in Table 3. With water
and sulfuric aclid, the catalyst was found to almost not elute.
r0142]

[Table 3]
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1 20C, 2hours sziogz '0009 L 1 50C, 3hours | Treatment solution in Example pretreatment step (2)
Example 29 Aqueous solution of 50% acetone IAqueous solution of 50% Example 30 acetone
containing 1% sulfuric acid Aqueous solution of 50% Example 31 acetone containing 1%
sodium hydroxide Aqueous solution of 1% Example 32 sodium hydroxide 1 Example 33 Aqueous
solution of 2.5% sulfuric acid Example 34 1 Not treated

Example Phosphotungstic acid
~ Comparative Eluent slution ra\ltao
E E {one elution
xample operation)
Example 23 Aqueous solution of 50% acetone 42%
Example 24 Aqueous solution of 50% tetrahydrofuran 50%
Example 25 Aqueous solution of 50% disthylene glycol dimethyl ether 45%
Example 26 Agueous solution of 50% ethanol 15%
Example 27 Aqueous solution of BGh acetone 45%
Example 28 Agueous solution of 1% sodium hydroxide 81%
Comparative Water 3%
Example 2
Comparative Agueous soluticn of 1% sulfuric acid 0%
Example 3
(01437}

(Example 29)
5 Saccharification experiments of palmEFB were carriedout
by the series of processes indicated below.
Pretreatment step (1): dilute sulfuricacid treatment for

the purpose of elimination of soluble salts and hemicellulose
degradation were carried out (hemicellulose removal step).
10 That is to say, 24.0 g of pulverized palm EFB (10% aqueous body)
and 120 g of an aqueous solution of 1% sulfuric acid were loaded
into a 200 ml pressure-resistant container, the container was
sealed and heated at 150°C for 1 hour. When the reaction
sclution was analyzed by LC, generation of 4.8 g of xylose, 0.2
15 g of glucose and 0.2 g of mannose (total monesaccharide yield
was 24%) was observed. Thereafter, the reaction solution and
solid residues were separated by filtration, furthermore, the
residues were washed with 200 g of water three times. When the
residues after washing were subjected to vacuum drying (70°C,
20 2 hours), 15.4 g of solid (pretreated EFB-1) was obtained
(weight yield based on dry body: 71%).
Pretreatment step (2): subsequently, acetone treatment

for the purpose of elimination of lignin was carried out
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[0146] (Comparative Example 4) A saccharification experiment was carried out similarly 5 to Example
29 but using sulfuric acid as the catalyst. That is to say, after performing up to pretreatment step (2)
similarly to Example 29, 10 ml of an aqueous solution of 5% sulfuric acid was added to pretreated
EFB-2.and saccharification reaction was carried out by heating at 150C 10 for 12 hours. The amount
of glucose generated was 0.08 g. Subsequently, a catalyst recovery experiment using NTR-7 4 50 was
carried out; however, the catalyst sulfuric acid was not recovered at all. [0147] 15(Examples 35 to 37)
Experiments were carried out similarly to Example 34 using a variety of heteropolyacids as the
catalyst. That is to say, experiments were carried.qut similarly to mpﬁ (witho rying.out
pretreatment sté§ ?zf)qonu]t ujéf:nag th%ﬁosﬁgt%?o'poly}gqc?(?s #\ﬁicg'?edglé%ab e g@nﬁflela%d Lgﬁ
phosphotungstie aid 83 #56 catdlyst in thé catdiyst 4d8srpi6n akperinieht aRdCeiitiode T ©F
saccharificationsexpetiment.sTheaesulisarecshown fogetherdn d abledz déate fhatsilieotirigstic. acid
and phosphomalybdic acid were manufa %% ippon tngrganic 25.Galour & Chemieal €9, Ltd.

- -t 1]
and borotungst]r%}‘laecﬁ Was a %?@psareggrgﬁct. ?&%j (éxé&m% e 38 Ana1 xperiment was carrieﬁ out
similarly to’Exafpl€ 34330°Gsing DoRRYE Sulforic Hort THak Is to°5ay, 1" ah&r%r&?gftga%ﬁl
obtained in Examaplec2® wasdractiordated i 10 nd of 2r6%@poly ginyisulferié dgis(useddanwEeraple 5)
Waisd added, and,sacchayification reaction wascarried-Qutat 15p€for 6 haurs, Subsequeptly rafter
sofl JMUstep%Eg?gbgg:\ggyvacuum.dryingj 0.81 g of solid (pretreated EFB-2)

was obtained.

10 Catalyst adsorption experiment: the entire amount of

pretreated EFB-2 obtained in the above step was mixed with 10
ml of an agueous solutiocn of 1% phosphotungstic acid and heated
at 150°C for 30 minutes. After letting stand still, a small
amount of supernatant was subjected to ILC analysis, the
15 concentration of free phosphotungstic acld was determined, and
amount of phosphotungstic acid adscrbed to pretreated EFB was
calculated. As a result, the adsorption ratio was 58%.

Cellulose saccharification experiment: after the above

catalyst adsorption experiment, 0.4 g of phosphotungstic acid

20 was added to the reaction solution, s0 as to bring the catalyst
concentration to 5%. Then, heating at 150°C for 12 hours,
saccharification reaction of cellulose was carried out. The
amount of glucose generated was 0.16 g.

Catalyst recovery experiment: catalyst recovery from the

25 reaction solution was carried out. That is to say, the
saccharification reaction solution obtained in the above
saccharification experiment was subjected to solid-liquid
separation by filtration, and solid residues were washed with
20ml of pure water twice. The reaction filtrate and the washes

30 weremixed, fromwhich 40 g was used to carry out phosphotungstic
acid recovery experiment similarly to Example 3 with the
separation membrane NTR-7450. The recovery ratico of the
catalyst was 938% or greater.

[0144]
35 (Examples 30 to 34)
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35 experiment of the catalyst constituent present in the liquid was carried out. The results are shown
together in Table 5. Note that no catalyst adsorption experiment was carried out. (0149] (Example 39)
5An experiment was carried out similarly to Example 38 using a copolymer of vinyl sulfonic acid and
acrylic acid. The saccharification reaction was entirely similar to Example 38 but a copolymer of vinyl
sulfonic acid and acrylic acid was used as the catalyst instead of polyvinyl sulfonic acid. The results 10
are shown together in Table 5. Note that preparation of the copolymer was carried out as follows.
That is to say, 60 g of an aqueous solution of 25% sodium vinyl sulfonate and 7.3 g of an aqueous
solution of 37% sodium acrylate were mixed in a flask (molar ratio Was§ Versus 15 ?éfufhe more,
106.9 g of pure water wasAddettarid hE&RA 10 B W&kt 2.9 b ar dqisous’sd1tbsn of 10%
sodium persulfateavas. adtfed té: thh anigture abd thenfikturewas hiahnained @entineaal 2! -
temperature of 869 R0C, fors hoyr-to: et the polymerizafionreaetion praceeds Asta reselltafGPO 20
analysis, a pobymer.with,an average molechllas welght of anproximaiel.3.000.was densrateg, This
polymer was convertéd into acid form with an 10ri-exchange resin, and tsed as the catalyst. [0150]
25[Table 57 [0i51EiE@mple’40) cat Shrehaffcation rEattBH o palit EFB aRd-catanstrétovery
were carried outihyhe seses of progesses indicated belows Rretreamrdntistep ¢t water frieatment):
with 12.5 g of

out pretreatment step (2). These results are shown in Table
4. It was found that performing treatments that eliminate
lignin, such as organic solvent treatment and alkali treatment,
10 decreases the catalyst adsorption ratio.

[0145]

[Table 4]
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ground palm EFB (10% aqueous body) as raw materials, hot water treatment was carried out entirely
similarly to Example 15 (desalting step). Saccharification step (1): subsequently, degradation of 5
hemicellulose by phosphotungstic acid was carried out. To the residues after hot water treatment (24.9
g of water wet), 35 g of pure water and 2.5 g of phosphotungstic acid were added, and the mixture was
heated in a pressure-resistant container at 150C for 1 hour. Thereafter, the reaction solution and 10
solid residues were separated by filtration, furthermore, the solid residues were washed with 30 g of
water twice. When the recovered reaction filtrate and washes were analyzed, generation of 2.7 g of

xylose, 0.1 g of glucose and 0.1 ¢ of mannose was abserved. 15Saccharification step (2):

subsequently, (
of the solid resi
and 2.5 g of ph
Thereafter, the
residues were

were analyzed,

reaction solution:

was P5hservyed.

iegra@&ion of cellulgse by phosphotungstic gcid was carried out. To the entire amount
tained in sadcharification step€1)| (20,8 g of water wet body), 25 g of pure water
pgpHlagungstic acig were added, and 2§ thesnjixture was heated at 180C for 3 hours.
ti§ti s@lutiongand sofH residges |\ware{s@darated by filtration, furthermore, the solid
with 30g4f pureAvatdr tvice} V@h r'the recovered reaction filtrate and washes
ion of 2.3 g ¢f gluco

tjon sojutions jJand washes obfaine

Catalyst recovery from the
in lsaccharification steps (1) and (2) were all

mixed, of whick
was 30 fraction
separation men

operation press
concentrate sid

uke§uad
Jol ek
In the following e*gagniwrs@n
(1) Membrane pexffeation ra

measuring the {aywiatd of th

phosphotungsti

&cid:

THh

ntairjing 1
arjd me
NTR-7
0.6M
r xylo

450. H
Pay Ag
se &nd
¢ camp
e of th
@ permg
e tung

!

adqid, 0.5 g of xylose and 0.5 g of glucose)

brand separat|on was carrjed put similarly to Example 3 using the
wever, the operagion cgndition was room temperature and the

b a result, fospHosph 'Egor gstic acid, 99.8% was recovered on the
35 Glucdser91l oasfegovered on the permeate side. [0152]
arative gxampleés hgasurements were carried out as follows:

b permeate: 5 embrlane permeation rate was determined by
bate during mernbrane sg¢paration.
5ten amount was de

(2) Quantification of

ermined by inductively coupled plasma

analysis (ICP apalysig)

was calculated.

experiment result,

Catalyst adsorption
Catalyst absorption r

58%

using

35%

the ap

37%

16%

baratus mentioted 1

38%

63%

D bglow and the phosphotungstic acid amount

Treatment conditions in
pretreatment step {(2)

120°C. 2hours

120°., 2hours

120°G, Zhours

150°C., Zhours

150°C. 3hours

Treatment solution in
pretreatment step (2)

Aqueous solution of 50%
acetone

Aqueous solution of 50%

acetone containing 1%

sulfuric acid

Aqueous solution of 50%

acetone containing 1%

sodium hydroxide

Agueous solution of 1%
sodium hydroxide

Agqueous solution of 2.5%
suifuric acid

Mot treated

Example

Example 29

Example 30

Example 31

Example 32

Example 33

Example 34
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Apparatus: ICPE-9000 (product name, manufactured by Shimadzu Corp.) (3) Quantification of
glucose: The quantification of glucose was carried out using 15 liquid chromatography (HPLC)
LC-8020 (manufactured by Tosoh Corp.) under the following conditions: Measurement conditions:
Column: TSK-GEL Amide80 (product name, manufactured by Tosoh Corp.) 20Column temperature:
60C Mobile phase: acetonitrile-water mixed solvent (volume ratio: 75/25) Detector: RI [0153] 25In
the following examples and comparative examples, evaluation was carried out with the calculation
formulae below: (1) Initial phosphotungstic acid rejectionratio: The initial phosphotungstic acid
rejectionratio represents the phosphotungstic acid rejection ratio when the 30 permeate amount has
reached 10% of the liquid amount of the solution subjected to membrane separation. Phospnotungstic
acid rejection rdtfol #8) = [((phosphotungstic acid concentration of the solution subjected to membrane
separation) - (phosphotungstie: acidiconcenrtratidre okthe 35 permeate) }/(phosphotungstic acid

concentration ofthe saccharification experiment was carried out similarly
5 to Example 29 but using sulfuric acid as the catalyst. That
is to say, after performing up to pretreatment step (2}
similarly to Example 29, 10 ml of an agueocus solution of 5%
sulfuric acid was added to pretreated EFB-Z and
saccharification reaction was carried out by heating at 150°C
10 for 12 hours. The amount of glucose generated was 0.08 g.
Subsequently, a catalyst recovery experiment using NTR-7450 was
carried out; hcwever, the catalyst sulfuric acid was not
recovered at all.
[0147]
15 {(Examples 35 to 37)
Experiments were carried out similarly to Example 34
using a variety of heteropolyacids as the catalyst. That is
to say, experiments were carried out similarly to Example 34
(without carrying out pretreatment step (2)) but using the
20 heteropolyacids indicated in Table 5 instead of phosphotungstic
acid as the catalyst in the catalyst adsorption experiment and
cellulose saccharification experiment. The results are shown
together in Table 5. Note that silicotungstic acid and
phosphomolybdic acid were manufactured by Nippon Inorganic
25 Colour & Chemical Co., Ltd., and borotungstic acid was a
prepared product.
[0148]
(Example 38)
An experiment was carried out similarly to Example 34
30 using polyvinyl sulfonic acid. That is to say, 1.0 g of
pretreated EFB-1 cobtained in Example 29 was fracticnated, 10
ml of 2.5% polyvinyl sulfonicacid (used in Example &) was added,
and saccharification reaction was carried out at 150°C for 6
hours. Subseguently, after solid-liquid separaticn, recovery

35  experiment of the catalyst constituent present in the liguid

12



solution subjected to membrane separation)] x 100 (2) Glucose permeation ratio: Glucose
permeation ratio (%) = {(glucose concentration of permeate)/(glucose concentration of the solution
subjected to 5 membrane separation)} x 100 [0154] Heteropolyacid adsorption experiment with metal
oxide (Comparative Example 5) When phosphotungstic acid concentration was measured in 10 a
solution after 1 g of y-alumina manufactured by Saint-Gobain NorPro (product name "SA6576") was
added to 30 g of an aqueous solution of 15.5% phosphotungstic acid and immersed for 1 hour, the
phosphotungstic acid concentration dropped to 14.2%. It was verified that 8.4% of the loaded

phosphotungstic_aci .15.adsqrbe - ina.Note that phosphetungstic agidfpreductname,
manufactured ISNya igpgﬁ%%?ggrﬁgto%ﬁ%%&%rg%al Co., Ltd.% was uged as the ghos%potuggstic

acid. [0155] 20MetetopBRACRPadSOrpids ExpERmMERt wWith MET bxiR EMFarativs Exaniples 6 to 9)

Adsorption expetitnehis were carried out similarly to Comparative Example 5 using the metal oxides
indicated in Table 6 as E@g{g;%gqlé)x@. 25[0156] Heteropolyacid adsorption experiment with
organic polymer membraneeésP)(amples 41 to 44 . édgorgtiogjg_(gerriTenESOWEg{eagﬂariigd3Qé1t
similarly to°30 Comparatie B plaE! isitg the dFdanic polymer membranes indicated in Table 6
instead of the metaioxidec oL Ve vesiilts ot thehetérpolyacid Adsoiptien ekperinterits ar&hown in

Table 6. saccharification reaction was entirely similar to Example 38
but & copolymer of vinyl sulfenic acid and acrylic acid was used
as the catalyst instead of polyvinyl sulfonicacid. The results

10 are shown together in Table 5.

Note that preparation of the copolymer was carried out

as follows. That is to say, 60 g of an agueous solution of 25%
sodium vinyl sulfonate and 7.3 g of an agueous solution of 37%
sodium acrylate were mixed in a flask (mol'ar ratio was 8 versus

15 2}, furthermore, 106.9 g of pure water was added and heated to
goecC. Next, 2.9 g of an aqueous solution of 10% sodium
persulfate was added to the mixture and the mixture was
maintained at an internal temperature of 80°C to 20°C for 1 hour
to let the polymerization reaction proceed. As a result of GPC

20 analysis, a polymer with an average molecular weight of
approximately 3,000 was generated. This polymer was converted
into acid form with an ion-exchange resin, and used as the
catalyst.
[0150]

25 [(Takle 5]

73



[0157] 35[Table 6] [0158] Heteropolyacid separation experiment (Example 45) A
heteropolyacid separation experiment was carried out using the separation membrane evaluation
apparatus Membrane Master C10-T (manufactuted by Nitto Denko Corp.; membrane 5 surface area:
60 cm2) equipped with a flat membrane NTR-7450 (manufactured by Nitto Denko Corp.) that is a
nano-filtration membrane. By supplying a liquid for separation to this Membrane Master C10-T with a
solution-sending pump, a flow of liquid parallel to the membrane is created, and separation membrane
10 evaluation in cross-flow type becomes possible. Added was 100 g of liquid for separation
(containing 4 g of phosphotungstlc acid (manufactured by Nippon Inorganic Colour & Chemical Co.,

Ltd.; product ng ghotingsticlacif™) and JjO g of glucose (manufactured by Kanto Chemical
Co., Inc.; prod 3 "D[+)-glugose")) subjgcted to membrane separation. Subsequently,
concentrate sidy ;; 3 _ inglselutioh subjgcted to membrane separation) was pressurized to 0.3
MPa, and memprérie e%rgn 2 \WVas| G r%c c@t it a temperature of 25C, feeding flow rate of 100 ml/
minute. The mgnibiane pdrmeatiom20nat® of thef permeate while carrying out membrane separation
was 105 g/min/mg. ;(ﬂfhj?_kn b0 ¢ ofjpermeate was gbtained on the permeation side across from the
membrane. FAitral-phosphptungstic gcid |rejectionratio was 99.8% and the glucose permeation ratio
was 99%. 25[0159T =
c &0
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[0151]
(Example 40)
5 Saccharification reaction of palm EFB and catalyst

recovery were carried out by the series of processes indicated
below.

Pretreatment step (hot water treatment): with 12.5 g of
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Heteropolyacid separation experiment (Examples 46 to 54) Separation experiments were
carried out similarly to Example 45 except that the separation conditions were modified 30 as in Table
7. The results of the heteropolyacid separation experiments are shown in Table 7. Note that
the abbreviations in Table 6 and Table 7 are as follows: 35 NORPRO: Saint-Gobain NorPro KOCH:
Koch Membrane GE: GE Water & Process Technologies NF: organic polymer nano-filtration
membrane OF: organic polymer ultrafiltration membrane 5[0160] [Table 7] C 0o ,--.U)-.C.,Voro -
o0o3tl2a

ground palm EFB (10% agueocus body) as raw materials, hot water
treatment was carried out entirely similarly to Example 15
(desalting step).

Saccharification step (1): subsequently, degradation of

5 hemicellulose by phosphotungstic acid was carried cut. To the

residuss after hot water treatment {(24.9 g of water wet), 35

g of pure water and 2.5 g of phosphotungstic acid were added,

and the mixture was heated in a pressure~resistant container

at 150°C for 1 hour. Thereafter, the reaction solution and

10 solid residues were separated by filtration, furthermore, the

solid residues were washed with 30 g of water twice. When the

recovered reaction filtrate and washes were analyzed,

generation of 2.7 g of xylose, 0.1 g of glucose and 0.1 g of
mannose was observed. '

15 ' Saccharification step (2): subsequently, degradation of

cellulose by phosphotungstic acid was carried out. To the
entire  amount of the solid  residues obtained in
saccharification step (1) (20.8 g of water wet body), 25 g of
pure water and 2.5 g of phosphotungstic acid were added, and
20 the mixture was heated at 180°C for 3 hours. Thereafter, the
reaction solution and solid residues were separated by
filtraticn, furthermore, the solid residues were washed with
30 g of pure water twice. When the recovered reaction filtrate
and washes were analyzed, generation of 2.3 g of glucose was
25 cbhserved.

Catalyst recovery from the reaction solution: reaction

solutions and washes obtained in saccharification steps (1) and
(2} were all mixed, of which 40 g (containing 1.1 g of
phosphotungstic acid, 0.5 g of xylose and 0.5 g of glucose)} was
30 fractionated, and membrane separationwas carriedout similarly
to Example 3 using the separation membrane NTR-7450. However,
the operation conditicn was room temperature and the operation
pressure was 0.6M Pa. As a result, for phesphotungstic acid,
©9,8% was recovered on the concentrate side and for xylose and

35 glucose, 91% was recovered on the permeate side.
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66 001- 86 001- 86 00 1. 26 96 00 |1 46 Initial Permeation phosphotungstic rate 2., acid permeation
(gAml, nim ) Hocking ratio (%) 8661401- 47.610L E86141.1-

[0152]
In the feollowing examples and comparative examples
measurements were carried out as follows:
(1) Membrane permeation rate of the permeate:
5 Membrane permeation rate was determined by measuring the
flow rate of the permeate during membrane separation.
{2} Quantification of phosphotungstic acid:
The tungsten amount was determined by inductively coupled
plasma analysis (ICP analysis) using the apparatus mentioned
16  below and the phosphotungstic acid amount was calculated.
Apparatus: ICPE-9000 (product name, manufactured by
Shimadzu Corp.) _
(3) Quantification of glucose:
The gquantification of glucose was carried ocut using
15  ligquid chromatography (HPLC) LC-8020 (manufactured by Tosoh
Corp.) under the following conditions:
Measurement conditions:
Column: TSK-GEL Amide80 (product name, manufactured by
Tosoh Corp.)
20 Column temperature: 60°C
Mobile phase: acetonitrile-water mixed solvent (volume
ratio: 75/25)
Detector: RI
[0153]
25 In the following examples and comparative examples,
evaluation was carriedout with the calculation formulae below:
(1) Initial phosphotungstic acid rejecticnratio:
The initial phosphotungstic acid rejectionratio
represents the phosphotungstic acid rejection ratio when the
30 permeate amount has reached 10% of the liquid amount of the
gsolution subjected to membrane separation.
Phosphotungstic acid rejection ratio (%) = [{ (phosphotungstic
aclid concentration of the solution subjected to membrane
separation) - (phosphotungstic acid concentration of the

35 permeate) }/ (phosphotungstic acid concentration of the

16
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solution subijected to membrane separation)] x 100

(2} Glucose permeation ratio:

Glucose permeation ratic (%) = {({glucose concentration of

permeate)/ (gluccse concentration of the solution subjected to
5 membrane separation}} x 100

[0154]

Heteropolyacid adsorption experiment with metal oxide

(Comparative Example 5)

When phosphotungstic acid concentration was measured in

10 a solution after 1 g of y-alumina manufactured by Saint~Gobain
NorPro (product name "SA6576") was added to 30 g of an agqueous
solution of 15.5% phosphotungstic acid and immersed for 1 hour,
the phosphotungstic acid concentration dropped to 14.2%. It
was verified that 8.4% of the lcaded phosphotungstic acid was

15 adsorbed to y-alumina.

Note that phosphotungstic acid {product  name,
manufactured by Nippon Inorganic Colour & Chemical Co., Ltd.)
was used as the phosphotungstic acid.

[0155]

20 Heteropolyacid adsorption experiment with metal oxide

{(Comparative Examples 6 to 9)

Adscrption experiments were carried out similarly to
Comparative Example 5 using the metal oxides indicated in Table
& as the metal oxide.

25 [0156]

Hetercpolyacid adsorption experiment with organic
polymer membrane

(Examples 41 to 44)

Adsorption experiments were carried out similarly to

30 Comparative Example 5 using the ocrganic polymer membranes
indicated in Table 6 instead of the metal oxide.

The results of the heteropolyacid adsorption experiments
are shown in Table 6.

[0157]
35 [Table 6]
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(Example 45)

A heteropolvacid separation experiment was carried out
using the separation membrane evaluation apparatus Membrane
Master C10-T (manufactured by Nitto Denko Corp.; membrane
surface area: 60 cm?) equipped with a flat membrane NTR-7450
(manufactured by Nitto Denko Corp.) that is a nano-filtration
membrane. By supplyingaliguidfor separationto this Membrane
Master Cl0-T with a solution-sending pump, a flow of liquid
parallel to the membrane 1s created, and separation membrane
evaluation in cross~flow type becomes possible. Added was 100
g of liquid for separation (containing 4 g of phosphotungstic
acid (manufactured by Nippon Inorganic Coleour & Chemical Co.,
Ltd.; product name "phosphotungstic acid"} and 10 g of glucose
(manufactured by Kanto Chemical Co., Inc.; product name
"D(+)-glucose"}) subijected to membrane separation,.
Subsequently, concentrate side (side containing sclution
subjected to membrane separation) was pressurized to 0.3 MPa,
andn@mbraneseparationwascarriedoutzﬁ:atemperatureof25°c,
feeding flow rate of 100 ml/ minute. The membrane permeation
rate of the permeate while carrying out membrane separation was
105 g/min/m?. Then, 50 g of permeate was obtained on the
permeation side across from the membrane.

Initial phosphotungstic acid rejectionratio was 99.8%
and the gluccse permeation ratio was 99%.

[0159]

Heteropolyacid separation experiment

(Examples 46 to 54)

Separation experiments were carried cut similarly to
Example 45 except that the separaticn conditions were modified
as in Table 7.

The results of the heteropolyacid separation experiments
are shown in Table 7,

Note that the abbreviations in Table 6 and Table 7 are
as follows:

NORPRO: Saint-Gobain NorPro
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KOCH: Koch Membrane

GE: GE Water & Process Technologies

NF: organic polymer nanco-filtratiocn membrane

UF: organic polymer ultrafiltration membrane
5 [61leC]

[Table 7]
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| Example 481 Nitto Denko | Example 491 Nitto Denko HOON109 aldwox3 | [Example 511 GE |
Example 521 GE | Example 531 GE Example 541 GE [01611 From the results of Examples 1 to
14 and Comparative Example 1, it was observed that generating monosaccharides through hydrolysis
of polysaccharides using a homogeneous acid 5 catalyst and performing membrane separation on the
obtained reaction solution to separate the monosaccharides and the catalyst allows monosaccharides
to be obtained with high yield and at the same time, the catalyst to be recovered with a high recovery
ratio. In addition, it was observed that if the 10 reaction time of the hydrolysis reaction becomes longer,
overdegradatio 8ftL gﬁtcl)‘.“nosaccharides occurs, and the yield for the monosaccharides becomes higher,
but the selectivirly of the monosaccharides decreases, and that the higher the catalyst concentration
during the hydrolysis reB&f8h &R¢& tHeehigheBthe 1 5reaeher fempdraturé, MmehidliatRRe sbletiivity
becomes. Fresmiiie=resylts of Examples 4bieR@2; itavasoehserved that generadingharides

monosaccharid%%ggrgglgm%dﬂrgky&%igf -B‘E“ﬁ?%f @%r&d&wﬁ_ieggagmgg%nﬁ% cidcatalysts o

subjecting the obtained reaction solution to solid-liquid separation to 20 remove the reaction residues

and thermally dE&&mpbEinghest Sls b the CitasalR BERSCTRIEIWRR a-Figh FBEEVEL Tatio.
From the results of Examples:23:1toi 28 ane Comparative Examnptes: 2 smdc3ydttwds sbserded that

generating 25 monosaccharides thraugh hydralysisiof polysaceharides Hsing,a homegeneous gcid
catalyst, subjecting the ohtained reaction sollej?tion to salid-liquid %eé)aration to r%{ngv%ﬁhg rﬁacgon
ystt

residues and addifig®n Eitferit 18 thesd fesidliSs aftow thE cardly’ttd be Blited ant recoverad with a
high recovery ratio; @0=Frontthelresultsiof Bxadipleso té B4 end Gormparatide Exaimplet4, itwas

observedsthat camyingiept diutessuliuriciacid trepiment;ang aceipne ieatment asdieatraentsAo

eliminate lignin ggn}gwe @oléﬁ%%cggridsgs Org% toagce:ggﬁu '%ctg ég%/!drgilxéist%dgh%qugi a
homogeneous acid ca?aqys?t 0 carry 35 olit theshydro ysis allow the adsorption ratio Fihie cata yst
the monosaccharides becomes higher, but the selectivity for the
monocsaccharides decreases, and that the higher the catalyst
concentration during the hydrclysis reaction and the higher the
15 reaction temperature, the higher the selectivity becomes.
From the results cof Examples 15 to 22, 1t was observed
that generating monosaccharides through hydrolysis of
polysaccharides using a homogeneous acid catalyst, subjecting
the obtained reaction solution to solid-liguid separaticn to
20 remove the reaction residues and thermally decomposing these
also allow the catalyst to be recovered with a high recovery
ratio.
From the results of Examples 23 te 28 and Comparative
Examples 2 and 3, it was observed that generating
25 monosaccharides through hydreolysis of polysaccharides using a
homogeneous acid catalyst, subjecting the obtained reaction
solution to solid-liquid separation te remove the reaction
residues and adding an eluent to these residues allow the
catalyst to be eluted and recovered with a high recovery ratio.
30 From the results cof Examples 29 to 34 and Comparative
Example 4, it was observed that carrying out dilute sulfuric
acld treatment and acetone treatment as treatments to eliminate
lignin from the polysaccharides prior to being subjected to
hydrolysis, and then adding a homogeneous acid catalyst tocarzy

35 out the hydrolysis allow the adsorption ratic of the catalyst
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to lignin to be restricted, and it was also observed that the conditions of the acetone treatment
influence the adsorption ratio. In addition, also in Example 29 where the adsorption ratio was relatively
high, it was observed that a high catalyst 5 recovery ratio could be obtained by solid-liquid separation,
washing of the reaction residues and membrane separation through a molecular sieve membrane of
the reaction solution to which the wash was added. Furthermore, when a homogeneous acid catalyst
with a molecular weight of 200 or greater was not used, 10 no catalyst was recovered. From the
results of Examples 35 to 39, it was observed that when a variety of species of compounds are used

as homogeneous acid catalysts and,only dijute sulfuric acid treatment js carried out as pretreatment

without carrying out 15 acetone treatment, although differences in catalyst adsorption ratio are

observed depeRdmgon AR dmpbiitd AR ity SEERNT bR retBered it & High FESVRIY Patio by
membrane sepakgtion thrdugleddnolecuolar sieve menibrane, sinflarlyite Exahipte 29sBrgm the results

of Example 40, .iwas, qhseryed 1hat 20 canrying outhot walsk kealmentas apreteatment Of s «
polysaccharides grior to being subjecte éo h¥dr%¥sis, agd%? a hgmggfneous acid catalgstotg the
polysacch ride$ ?tg}]ﬁreyprre featmeRt td cgr y% ?ﬁé ﬁydr yssig rej‘"actioﬁ,qgrji"éi tier, 16 the Fétction
residues obtairléd<Byicerrying ot Solitditritd 25 salsaration Surthict atiéing 2RRem cHETRbus Heid

catalyst to carry guta ggcanddnialysis allows meresnenesaccharkdes tq-be preparagk: ibaddition, it

was observed that a high catalyst recovery ratio ul%b obt§inedklgl athering the sal tions.ocptained
s . h - F

in the two hydr&@éecshagr}%ecgrar)%ﬁgwg&t as%l%a-ﬁqu&% sepgﬁa%o%, vyaé%ﬁqna (ﬁ%ﬁ%?gag?oﬁsrgsﬁéues and

membrane sep&rdtiohitfifoligh B mBleeaar srve’ meMibrate Of thereathicn 361ttioh 10 WhER the wash
was added: Notesthat alihgugh examplesaveresgshown in the above Examples 1 to 40, in which specific

homogeneous acid catalysfs 35,and polysaccharides.ere used to garsy, out hydrolysis and. catalyst

separation, the mechanisms for separating the homogeneous acid catalyst from the homogeneous

acid catalyst-cart&ining S6Rutién et thé hydtolySRTEaEfon Are SIPSITIARIBcanBe Si5RA 1dfh the

results of the abover§ Examplesat tal40carid: Contparative Exampledilltot4that:thbumonosacdkaride
preparation method,efibg present invention cane ied in-avariefy; olmedes described herein,
allowing q vangaggous effects to be exer&ecck(gOl 2 19'1:“ addition, from the resuy ts of Tab e 6@% was

observedthat, in cotncfpa%tttg%ﬁé:rpﬁé’tgl’ oxide Cons itufing e fh%?gajﬁ% embrane ggggrﬁﬁwgl

phosphotungstiezdcl® teeor§asic Yol Arer sashbeane §6&sTiotaelsbi phbsphvlugstic a6id! From
this, it was foungkthad ¢he tossofahasphetugestic asit dyeda the metalembrane separation

thrcugh a mclecular sieve membrane, similarily to Example Z29.

From the results of Example 40, it was observed that

20  carxrying out hot water freatment as a pretreatment of

polysaccharides prior to being subjected to hydrolysis, adding

a homogeneous acid catalyst to the polysaccharides after the

pretreatment to carry out the hydrolysis reaction, and then,

to the reaction residues cbhtained by carrying out solid-Iliquid

25 separation, further adding a homogeneous acid catalyst to carry

out a second hydrolysis allows more monosaccharides to be

prepared. In addition, it was observed that a high catalyst

recovery ratio could be obtained by gathering the solutions

obtained in the two hydrolyses and carrying out solid-liquid

30 separation, washing of the reaction residues and membrane

separation through a molecular sieve membrane of the reaction
solution to which the wash was added.

Note that although examples were shown in the above

Examples 1 to 40, in which specific homogeneous acld catalysts

35 and polysaccharides were used to carry out hydrolysis and
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15 oxide adsorbing phosphotungstic acid, which is a problem when separating phosphotungstic acid
using an inorganic membrane, can be suppressed by using an organic polymer membrane. From
the results of Table 7, it was found that, by carrying out membrane separation using an organic
polymer membrane with 20 a pure water permeation rate of 1 g/min/m2 or greater at 25C and 0.1 MPa
for the separation of a heteropolyacid from the heteropolyacid-containing solution, even when the
heteropolyacid concentration in the heteropolyacid-containing solution is high, permeation of the
heteropolyacid can be 25 rejected with an extremely high rejectionratio, allowing the heteropolyacid to

be separated highly affigiently Thon, itwas foundihathen dlugase lgonginedindhe,

h
heteropolyacid-contairing solution, heteropolyacid and glucose can be separate sufficiently.,??ONote
that, although eXaRPEEEREPshofitin the abéve BxampbeFL arfd*EnwardCRaRkich Spedifid drganic
polymer membraaés Wwere used-héteiopobatidwas usedeas omogenedys acid eatatyist toacagryout

membrane separaion,; thejmechanisms whereby organie pglymardanembranes separgie heove
homogene%us acid 35 catal)ilst from lé1e hogno eneous acid cataI%st- ontai mg S%Iutl%are Il similar,
arkd

it can be stated T tHe fesults 8f the alid e'%(rg%&tif Yo 54 4RE"E5m ve Exalfiples'5to 9,
the homogenedusicatalystseparation snethad o theprésshoilVEntidnrCatbé dpplidtihenvasaty of

modes describggkhersin, boallowing agdyantageous effeatsdohe-exertedy GeAMS 1.4 methodfor
preparing a mon(gisaccjgarid%gg h%/gg%léf%iggtaop%lgsagghg{igg }Jsing a homogeneous acid catalyst, 5
ydro

wherein the me oW&rﬁﬁﬁses a ysis step of heyd$oly2|ng a polysaccharide using a

homogeneous ddéid eatalyst with a molecular weight of 200 or greater to generate a monosaccharide,
and a separation step of the hanmogenedussacicheatedyst atter hiydralysis, @nd 1 0the sepasationistep

includes at Ieas{gg@ ,Stﬂ:l %ec!ﬁ%tﬁgst to the metal oxide constituting the inorganic
membrane adscrbing phosphotungstic acid, the organic polymer
membrane does not adscrb phosphotungstic acid. From this, it
was found that the loss of phosphotungstic acid due to the metal

15 oxide adsorbing pheosphotungstic acid, which is a problem when
separating phosphotungstic acid using an inorganic membrane,
can be suppressed by using an organic polymer membrane.

From the results of Table 7, it was found that, by carrying
cut membrane separation using an organic polymer membrane with

20 a pure water permeaticn rate of 1 g/min/m® or greater at 25°C
and 0.1 MPa fcr the separation of a hetercpolyacid from the
heteropolyacid-containing gsolution, even when the
heteropolyacid concentration in the heteropolyacid~containing
solution is high, permeation of the heteropoclyacid can be

25  reijected with an extremely high rejectionratic, allowing the
heteropolyacid to be separated highly efficiently. Then, it
Was found that when gluccse 1s centained in  the
heteropolyacid-containing solution, heteropolyacid and
glucose can be separated sufficiently.

30 Note that, although examples were shown in the above
Example 41 and onwards, in which specific organic pcoclymer
membranes were used, hetercopolyacid was used as homogeneous
acid catalyst to carry cut membrane separaticn, the mechanisms
whereby crganic polymer membranes separate the homogeneous acid

35 catalyst from the homogeneous acid catalyst-containing
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from the group consisting of the following (A) to (C): (A) a step of separating the homogeneous
acid catalyst by performing homogeneous acid catalyst membrane separation treatment using a
molecular sieve membrane, on a homogeneous 15 acid catalyst-containing solution after the
hydrolysis step; (B) a step of separating the homogeneous acid catalyst by performing organic
compound thermal decomposition treatment on a hydrolysis reaction residue separated by solid-liquid
separation after the hydrolysis step; and 20(C) a step of separating the homogeneous acid catalyst by
performing homogeneous acid catalyst elution treatment using an alkaline solution or an organic
solvent-containing, solution, on the hydrolysis reaction residue separated by solid-liquid aration
after the hydrol?/s%%%éﬁrbg Eel'ﬁg %estﬁrgéﬁfgrr bré&ar?ﬁgnabr%oﬁ%égéaﬁt e agogderd?qr?gég%%ai??l,
wherein the hydfolysi&step i8estep ©F catryiriy 86t RydtolySRPRITR BipTe pbirisAHh Piass between the
homogeneous 30 acitkcatalystcancwatet present kea seadtivorsysteth inthe fange«of Priz98:19:to
50:50, during the, fhydrolysjs teaction, 3cthe methad for preparing,a.monesaccharide,accoraing to

Claim 1 or 2, 35wherein the homogeneous acid catalyst includes an organic compound having a
sulfonic acid grotip At £t d. af TheThethdd36r FrEpating a monosaccharide according

to any of Claims 1 to 3, 5wherein the homogeneous acid catalyst includes a
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heteropolyacid. 5. The method for preparing a monosaccharlde according to any of Claims 1 to 4,
10wherein the method comprises a recycling step of recovering and recycling the homogeneous acid
catalyst separated in the separation step. 6. The method for preparing a monosaccharide according to
15Claim 5, wherein the recycling step is carried out immediately after the separation step in the
monosaccharide preparation method. 20 7.The method for preparing a monosaccharide according to
any of Claims 1 to 6, wherein hydrolysis is carried out at a reaction temperature of 100C or higher
in the hydrolysis step. 25 8.The method for preparing a monosaccharide according to any of Claims 1
to 7, wherein the polysaccharide is a polysaccharige ghtained through a pretreatment step
including at least one among a desalting step, a delignification step and a hemicellulose 30 removal
step. 9.The method for preparing a monosaccharide according to any of Claims 1 to 8, wherein
the molecular sieve membraheedetdn the steprofi3b separatingthée hohtsyerieduscheid gatahyst by

performing the ; polysaccharide using a homogeneous acid catalyst,

5 wherein the method comprises a hydrolysis step of
hydrolyzing a polysaccharide using a homogeneous acid catalyst
wilth a molecular welght of 200 or greater to generate a
monosaccharide, and a separation step of the homogeneous acid
catalyst after hydrolysis, and

10 the separaticn step includes at least cone step selected
from the group consisting of the follcocwing (A} to (C):

(A} a step of separating the homogeneous acid catalyst
by performing homogeneous acid catalyst membrane separation
treatment using a molecular sieve membrane, on a homcgeneocus

15 acid catalyst-containing solution after the hydrolysis step;

(B) a step of separating the homogeneous acid catalyst
by performing organic compound thermal decomposition treatment
on a hydrolysis reaction residue separated by sciid-liguid
gseparation after the hydrolysis step; and

29 (C) & step of separating the homogeneocus acid catalyst
by performing homogeneous acid catalyst elution treatment using
analkaline solution or an organic solvent-containing sclution,
on the hydrelysis reaction residue separated by solid-liguid
separation after the hydrolysis step.

25
2. The method for preparing a moncosaccharide according to
Claim 1,

wherein the hydrolysis step 13 a step of carrying out
hydrolysis with a proporticn in mass between the homogenecus

30 acid catalyst and water present in a reaction system in the range
of 0.1:9%.9 to 50:50, during the hydrolysis reacticn.

3. The method for preparing a mcnosaccharide according to

Claim 1 or 2,
35 wherein the homogeneous acid catalyst includes an organic
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membrane separation treatment is a molecular sieve membrane using an organic polymer membrane
and a pure water permeation rate of the organic polymer membrane is 1 g/min/m2 or greater at 25C
and 0.1 MPa, 5 10. The method for preparing a monosaccharide according to any of Claims 1 to 9,
wherein the organic polymer membrane is a nano-filtration membrane or an ultrafiltration membrane.
10 11. The method for preparing a monosaccharide according to any of Claims 1 to 10, wherein
the organic polymer membrane is a polymer membrane having a cation-exchange group. 15 12. The
method for preparing a monosaccharide according to Claim 11,  wherein the organic polymer

membrane is a polymer-membrane having:a sylionicacig.aroup, 20 A3 A method for separating a

homogeneous acid catalyst from a homogeneous acid catalyst-containing solution, wherein the
method comprises a step of separating the homogeneous catalyst by performing homogeneous
catalyst 25 menibrane Separatitirtréafimenpusipga molecutarsievs alembrdaez andrdinteto
molecular sieve,memirane is a4naleguylas sieve membrane using an organic polymer membrane, and
a pure water permeatiggéatgiof th%ﬁéganigrﬁ)gl rplgrorlysembar%ri%is %g/m' /ngg 30iorcqregter ataZSC
and 0.1 MPa. 14. The'method for separal%ing ﬁomogeneous acid ca%a?lyé/t accoré}ng 6 Tlaim 13,
wherein the ordadlepelymer asdifibrane is a nano-filtration 35 membrane or an ultrafiltration
membrane.

5. The method for preparing a monosaccharide according to
any of Claims 1 to 4,

10 wherein the method comprises a recycling step of
recovering and recycling the homogeneous acid catalyst

separated in the separation step.

6. The method for preparing a monosaccharide according to
15 Claim b5,
wherein the recycling step 1is carried out immediately
after the separation step in the monosaccharide preparation
method. '

20 7. The method for preparing a monosaccharide according to
any of Claims 1 to 6,
wherein hydrolysis 1s carried out at a reaction

temperature of 100°C or higher in the hydrolysis step.

25 8. The method for preparing a monosaccharide according to
any of Claims 1 to 7, '

wherein the polysaccharide is a polysaccharide obtained

through a pretreatment step including at least one among a

desalting step, a delignification step and a hemicellulose

30 removal step.

g. The method for preparing a monosaccharide according to
any of Claims 1 to 8,
wherein the molecular sieve membrane used in the step of

35 separating the homogenecus acid catalyst by performing the
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15.The method for separating a homogeneous acid catalyst according to Claim 13 or 14,
wherein the organic polymer membrane is a polymer membrane 5 having a cation-exchange group.

membrane separation treatment is a molecular sieve membrane
using an organic polymer membrane and a pure water permeation
rate of the organic polymer membrane is 1 g/min/m® or greater

at 25°C and 0.1 MPa.

10. The method for preparing a monosaccharide according to
any of Claims 1 to 9,
wherein the organic polymer membrane is a nano-filtration
membrane or an ultrafiltration membrane.
10
11. The method for preparing a monosaccharide according to
any of Claims 1 to 10,
wherein the organic polymer membrane is a polymer membrane
having a cation-exchange group.
15
12. The method for preparing a monosaccharide according to
Claim 11,
wherein the organic polymer membrane is a polymer membrane
having a sulfonic acid group.
20
13. A method for separating a homegeneous acid catalyst from
a homogeneous acid catalyst-containing sclutiocn,
wherein the method comprises a step of separating the
homogeneous catalyst by perferming homogeneous catalyst
25 membrane separation treatment using amelecular sieve membrane,
and
the molecular sieve membrane 1is a molecular sieve
membrane using an organic polymer membrane, and a pure water
permeation rate of the organic polymer membrane is 1 g/min/w®

30 or greater at Z5°C and 0.1 MPa.

14. The method for separating a homogeneous acid catalyst
according to Claim 13,
wherein the organic polymer membrane is a nano-filtration

35 membrane or an ultrafiltration membrane.
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15. The method for separating a homegeneous acid catalyst
according to Claim 13 or 14,
wherein the crganic polymer membrane is a polymer membrane

having a cation-exchange group.
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