DESCRI PTI ON MONOSACCHARI DE PREPARATI ON METHOD 5FI ELD OF THE | NVENTI ON

[ 0004] The present invention relates to a nonosacchari de
preparation method. More specifically, it relates to a nonosacchari de
preparation nethod by hydrolysis of 10 pol ysaccharides, and in particul ar
t o nonosacchari de preparati on nethod using an acid catal yst of a
honogeneous system BACKGROUND ART 15[ 0002] In recent years, when
crude oil prices are rising steeply, techniques for preparing chem cal
products such as ethanol and |actic acid from bi onass, which is a
renewabl e resource, are draw ng at tCEFGRIFT IAY IlgnoceIIuI05|c bi onass,

whi ch includes 20 pol ysacchari des such as cellul ose and hemicel lul ose, is
present in huge amounts, utilization thereof is 5r0n13|ng however, the

utilizationis linited MONPSASSHARADES iPREEARRSHONaMETENRr sion i s

difficult. In particular, when chem cally converting |ignocellulosic

bi omass, the saccharification ose into glucose is
key. A cel lul ose is hi gh crygigﬁﬁ ?gnTgé %@Y?ﬁ%#?ﬁttle hydr ol ysi s,
efficientlyo09addharifying cellulose has a high level of difficulty. The
monosacchari des %@erg%sgem Sgeelard i cathan ar e gainl y AhdrdWe

materials for m Crobi ernentation, ulti natelﬁ converted into a 30
cheni cal pPeeperasicn aseehddnol MJTDOIPens Taepildlosel s adeiationi ckei én

net hods beipgoexamnned gat tBecphadeieh prasthsal use, dmrgp@rgraroqsd

sul furjc acid nmethod, (2) dilu sul furic aC|d met hod ancfgﬁ%ﬁgﬁ%yn?%h

met hod 85 RRYBEAECHEF1GESr | At Gncd? r 3t Y - phP ent® d
Non- pat ent pPegumramti c2) netieC anciery rat edesal tuthtyati dfmat hathqgbndoueat s
cellulose In % hi gh concentration sulfuric acid on the order of 80% at | ow
t enper at ur 8YE5fliti ons. Since cellul ose dissolves in high concentration
sulfuric acid, the present 5 nethod has the nerit that the deconposition
reaction proceeds rapi dly even atglow:keHpsrakdre, and that high

nonosacchari de yields can be anticipated. However, as there is the need to
recovekd | al§€0&nounts of sul furic acid, energy and equi pnent costs spent

_ for sulfuric aci dnrﬁéc%&%yehgsamne&ﬁ@@udé%@ ﬁfh@ésh&@fis&ﬂ fatrdep1agi d
recycling method, one_using an jon-exchange resin is

st é ce
D P el B e Sl L (RO oty L SE S D
i s recover edctiikuteddt arom bhemasderwbicR0% I ecxoncarita atdoninder @afe

reaui res consldaral SooORLOY A, GHERIROL ol LEIDBLIAE! s BTBLNOGAS
usi ng menb ﬁg gpa ?I on w th an on exchange 0O recover
sul furd® apdyisscahso ikieswu ¢l s daistaess aﬂéf@ﬂlt@@&@ﬁé:%@@f@ﬂer@)

however -, al,s9, fakhoh%lt% r@wpﬁzaw&aeme%emelsm%ﬂsq% SHb{NGES, agld 1S

diluted or that the recover rati1o IS the concentrated’ sul furic
aci d net hodtRad zg@lp%lsslsla@i‘cﬁd Eathe >E§tftr3@c]y§P~inﬁ§ ChgiL GRL BRI 10k

catal yst regycdi ngi d8thod ith sexghtciiNael dehdrp besaieadlii giinverting
competiti V?.ig%to?:%q.'lulosic biomass, the sacéharification reaction of
25 cellulose intoglucose is key. Ascellulose 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 ethanocl.
[0003] ,
As cellulose saccharification methods being examined at
the stage of practical use, (1) concentrated sulfuric acid
method, (2) dilute sulfuric acidmethod and (3} enzymatic method

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



[0004] In addition, the dilute sulfuric acid nmethod (2) treats 25
cellulose in an aqueous solution of sulfuric acid at |ow concentration, at
hi gh tenperature and high pressure, and differs fundanentally fromthe
concentrated sulfuric acid nethod (1) on the .points of reaction

condi tions and deconposition nmechanism Although cellul ose dissolves in 30
sul furic acid of approximtely 60% or greater concentration, dissolution
does not occur in sulfuric acid of |lower concentrations. That is to say,
concentrated sul furic acid nmethod pronotes deconposition by dissolvin
ceIIquse,qu—@@mEmasbvcum$utéﬂsulEbﬁi@O%@¢%¢¥@¢%@@Uéﬁ@ﬁﬁKE%CH@@Uﬁﬁ6§?tion

35 by bri ng(!lggt'ké tQ bigh,isnperating AndoRbehtPRessH 81 Mithotheid did ute
sul furic aci netﬁod, si nce the anount of sulfuric acid used |§ small, no

catal yst r &SRR PS &0 21 P olETP RBARVER COofEtd O&%e | S50ES § ow

nmonosacchardi@eoyivelsds,n meiyh r €astéQbr Hy: P 0gULEarivastedge reratat sdremn
neutralizin sulfuric acid. Anong.these, the lpowyield.is the greatest

i ssue. Thi ?%itg‘oﬂiu af - R R &G v g@la&#\?i é?cfﬂﬂp?ﬁégégﬁcﬁ%arq’tfll%%tﬁroo%eree&ascti on
by the | owragndént eathomt sibv wreinpeaeitd,reandnpr b s i gl fmosm ccatcathpsti dend
reaction c I t,.0 L th_hi ; i on ivity r i [{Q005]
The enzyna&ﬁ%lﬁgt%%HW%%)aggggléﬁ%gﬁiyn%§§%§%£hsé%éF?%ﬁzégggg%gﬁﬁE%gs a
cat al yst, allcowernglhicgh ginebasst efbeudhuréfpattd, FRRRIErRTGFSIYdaelssues

toward praels¢al syser Hr shaWugackion sResekand shhgh LAZYMe reOstseichhe
above three nethods have both 15 advantages and shortcom ngs, and there is
no abshf ut értefROEUELFramt ¢ yrecycling ﬂ?@éﬁm'l EnCalFhbd g itrra St 4% age,

a net hod i gehenng sexadwied| fohi Chstisese pnrensol ubl @akener ageneeus Sol i d
acid cat al

st ance.  PEFETSEe PuERE ORI 3 SN Thie HethegcoLebat il
bet ween gl wcose artte cardbystofi 2Gchi egedonetatreelgnr shdirkptt mashygires
T s oS TERE AN g M o S o0 DatMER SO AR o0
pr obl elrﬁmhelﬁia@cm@ggmam@ 2523 Gkt | vibBean] dgospxchange membrane to
recover sulfuric acid is alsc known (for instance, refer to
Patent Document 2)}; however, alsec with this method, there is
the issue that sulfuric acid is diluted or that the recovery -
ratio is low. Thus, the concentrated sulfuric acid method has
20 the issue of catalyst recycling, and an economical catalyst
recycling method is sought in order to become a highly
competitive method.
[0004]
In addition, the dilute sulfuric acid method (2} treats
25 cellulose in an agueous solution of sulfuric acid at low
concentration, at high temperature and high préessure, and
differs fundamentally from the concentrated sulfuric acid
method (1) on the points of reaction conditions and
decomposition mechanism. Although cellulose disgclves in
30 sulfuric acid of approximately 60% or greater cbncentration,
dissolution does not occur in sulfuric acid of loweér
concentrations. That is to say, concentrated sulfuric acid
method promotes decomposition by dissolving cellulose, in
contrast, dilute sulfuric acid method promotes decomposition

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



In addition, a nethod that uses a heteropol yacid at a high concentration
of on the order of 80%to saccharify cellul ose has al so been descri bed
(for instance, refer to Patent Docunents 30 4 and 5). This nethod is
t-hought to have a simlar nechanismas the concentrated sulfuric acid

met hod, and, whil e achieving high nonosaccharide yields, catalyst
recycling is essential. As |arge amounts of catalyst is used simlarly to
the concentrated sulfuric acid nmethod, the burden of catalyst 35 recycling
is high. In addition, since heteropol yacids are far nore expensive

conpar ed t aisultfusiitfacid, aevémetsnhl bihossthasmpurdr gé snifwehea @ t he

costs, high o] ratio.] i L0, e .

ossi bi 1ty o5t oo ERLLp et S bR e e D R - R o et
oxygen ringheget her® 286PESe DiChpRrEeridMe HG FREAR FEFD el e8L6Ry g@FT ng
is described a3 iRt hgg—b%d%%%r,at WAgra NPERSsASEAr e r o eatial s |
and in addition, a nefhod for re-prechg&%gtig&ﬁgigungﬁﬁcchar¥de w th an
or gani c®sol Vet i€ Yekdr i BEPng hRP5fe ed A 1S I S RbSar feht T35 -
recoveri ng mheteriepalyaci @ bye 10onerbilane isepar atfi dma ssadescerdbEid;a @t

al t hough phosphat ungst.i.c acid i s _descrj e S r :
ecoverod dorRSEa daft fS kBRI RS SRR, ARTR CERE LS AN
recovery ratfi cafortalleteraopbl yastrtisnclraasiigicosphofingsthighacigrction

adsorptionsgﬁeg%g%gqﬁogx%phgg t.gporous alumna, which is an 15 essenti al
support when using an i norgani c nenbrane, decreases the recovery ratio for

het er op®l ydéitd>lin addition, in the nethod for re-precipitating a

][TDHOSﬁlcchari de wirhi -@zﬁzﬁﬁgf@mb%hééﬂd@mm %@é&g@naé@xlfthé s@,ﬂ‘c}f@k\ﬂﬁﬂh tzlodlsawed
or the re-precipitation, furtherngore, after separation of the . .
catal yst, SEVERE FBrfbTATHNE ey ngtpgnhgglggsl%ﬂzﬁ FEqOF Pt Forpateds
concent r at inagetviae Dapatysht itdwngwedwhod reondiiderlabke sarees §ygwarsh dguirpment
for these steps, is.a .pLo I Idi ti i i

monbr ane. s GhErR: 73 AR Eh e hgene E 8 e aRBvE AP AR BELDAL
i s al sbSneedodnakiges ehd ghomsrmdngssepadatheficsi @plo |abamyileadesthid h -
the nethodg, gf..Ratent Docunment 4, the burden of catalyst recycling becones
hi gh due to saccharification_being carried out with a heteropo|yacid at an
extrenely high c¥eaentiadeiodl tARYITheNehetiiard 38Gui preRtedsts Peing

f urt her nor @ aeahaldy StwHeest sugés0ananasexpetteticte rbgenreud0 eansi dariabl e.

[0007] In addition,.a nethod Qgs been_descri bed, I ch uses,al gnozgggic
nenbrane t& hﬁ?&n%gs Fﬁ?%ld‘%h?&?ﬁg%OBJEhS&?¢ﬁ%ﬁ&&éb8?§%%?8 ?f%r
i nstanze, riefsemnioe,Pateidr Doourarttend) .D@Sundarte, 3. neWhot ithig vertrasd an
exanpl e, V@%&;%fé%&%’ﬂ Eé‘@%&em glucose and catalyst is achi_eved relatively
readily throﬁ_gh solid-liquid separation. Howeﬁrer, s-eparation
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 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 amounté of catalyst 1is used similarly to the
concentrated sulfuric acid method, the burden of catalyst

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



conpound such as ethyl acetate, ethanol, water or acetic acid is separated
from het eropol yaci d by being vaporized by a nethod that reduces the
pressure on the side of the perneate. However, there are no exanples
regardi ng nmethods for separating a 5 conmpound that cannot be vapori zed,
such as a saccharide. In addition, with Patent Docunent 6, in order to
separate a heteropolyacid by a nethod using an inorgani c nmenbrane, which
does not perneate the catal yst dissolved in the solution, and reducing the
pressure on the perneation side to separate the 10 solvent and the

consti t uenertos heces i ve ratred: sl vaporkiugias Blilidat ¢vandf stihd lsbbvedtasand
the constituents to. jpinated . sa t SXPENS : A8 gy
costs. In %dgg¥%%%,lﬁ§+§%ﬁﬁgr%%ﬁ§¥g§n§§%§§hegxgg%%rﬁ§%%g zeoI??gigr@%ie

li ke are ugeduasetihe InoPgamine Resbrants? hbheverssiiadd tth@ 1352

oxi des congbi-buti BLEREREROLYRRAI §5 MEIDIANEEh faVE-ridh® Hf QP ed:iygef Adgpr bi ng
het er opol yaci d, when such inorganic nenbranes are used to separate |

het er opdl yabedB zhelhbeepbpbpyael Ht IS ddsHBRET L \IRPFT se-1D Hsses
in the sepdeatrobeand s’ egtesy, fod t feparandigaani nonerhraheride] GGO0S =

Furth . hod . b d i bed iL.ch h | i |
concent rat FBHALEohyarary Ja T Eer (7oretRefardl TR Sl it "
3). Here, sibhbeetuhgstide wtill ansougeti ¢ sopgehtrin daschrdbied.calndi trgdct i on
of Cellu'°ﬁ§;ﬁﬁe%§ qocéﬂ'éﬁgﬁéiﬁgh@dgbi'9@@0@@9?580 hasheaV I rdped,

R
which sim y uses "heteropol yacid at Tow concentration to hydrolyze

cel | ulbée membrankesenaistHPn GCIEFeFihedt 4Rce2 1 Hlaperh PRI fent
7). These getRodshaygc-aiBEALEENLAPe tihEai d1eadd Qhd i re:@fes@yarsing ens
of hours, and in addition, therﬁlls_no 30 eﬁcrlptloq§§§%§£glﬁgi

het er opol y&@iFILEYE PRECHBRRod-§ B0 68" ABSHRLRE 15T P9 9t hods
for prepariragisonasacshardtesodyl ddirdl yachg a0l ylsaschatiidgstsacteasd;

cel lul ose, problens exist jin_the ySt, I in .had, 35 _reaction
ol et vi 1 §ESRRRERRR Rb Art AP E L LR e BRAE"Hy MRARA, yichoAs i
econonial epsenessli sumhdTh wheseishiage abebho 59aned NUOIT}e Notdareadri , in
met hods fogypr ?ggtbkz%ym%%%%%g% i8S 219008 | Uhgs%ddl%ti%ﬁﬂp%r% agid is

used as a cata .terogolya0|d I's an i norgani'c 0Xxo aci ,
obt ai ned f PeihPHefebNBRNBEEFORIGALLRE IR BSPRT B4C of L FAGHanLC

Het er opol yagigehs, antiizgiqeat egnt@nbe used aslachenvgeneodseqat aoyst tihe a
variety of reactions, and a v i%ké of react% ns 10-USi§%{thiséﬁie qiing
exani ned. e PTeCRERA{CBupt T G THSE Sy hi & Théer SERVAT P ndlist ri'& 1y,
si nce et erapallyati dspetrese-renexpénshiejethpdsesi et sieeps beformeeandrad t er
the reactign, even if il .4sS_S I n igpor nt | :
productiongggsﬁéicﬁ%ﬁiagiq rgﬁéecﬁﬂg¥ﬁ3%15qﬂgué§%%,%Egcyc'lndﬁgééxgh
separ at i oneantyyevoy eayipgesdufbt theses rpeispoyadiléroat ARyatdHecdmes

applied i nﬁg Mﬁgebgrgftmﬁ%é{%& FANHeMYN S Wl 18AGIIPAS 1 A Gndidn Bk Out

i ndustri al e Inportance of heteropol yacid separation/récover

t echni que MREPEAEEs. 2 ZHGWe B dGWH G tHET RESP e} ddmC f§edsH atter the
het er oppl yaehdraseashoapgenesustey.al Yat anheaeur r entcisidisatiaihdds tdat

ti d _ het I i it hi gh t ti
sol ut i on CBACEPTRFSUTH. Ret 1 ORBIYER tF FECarYPEAUT T C UL PoEER 4 1t hod
t hat can adhbeuesabbhak&mﬁcsgpanabébngaquzsxieubwwﬂghtﬂhdnﬂmﬂmqky@@mdd,
and furtherore, ¢a0,0¢,4PPlh G8nten 4Rt bR Yard chEAGHd AFy SHII & B prhént

desired.
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 methed is given as an example, where vaporizable



[0011] As a prior art catalyst separation techniques, for instance,

menbr ane separation of heteropol yacid using a 30 pol yam de reverse-0osnosi s
menbrane (for instance, refer to Non-patent Docunent 4) , and recovery of
an aggregate containi ng heteropol yacid using a nenbrane nade of
nitrocellulose with a pore size of 3 rim have been described (for

i nstance, refer to Non-patent Docunent 5) . O, the possibility of using
Naf ion 35 to separate and recover, from an aqueous sol ution of

het er opol yacid with a heteropol yacid concentration of 1% the

het er opol yaeingo(H3[ POk 204 0Jt3HR0 pcetias cheenhdesdr | betetfor damtighesicr ef er

t o Non- pat ent Docugg&éc_@ﬁm %?E%%?@Q@%QM%H@H tsve%)cgloigd g)_\s,aérm&%.o@re

descri bed, *5 T Whi e was “separ usi ng an _organic
pol ymer netbréncediets doe rRts ey airidia ssdppor themsEvett e i n IUTYSdtrent

Docunent 4thér%_evﬂéef185"é9§nﬁal%%nbf rciiﬁngls&@tﬁ%dﬁsh%dﬁenbégﬁlﬁataﬂg s nce
a reverse-osnosi s nenbrane in general requires operation at ex,tciemelyf1 hi gh
f

e
pressur®e, FRBPEHEAG)NEEsE2200bebBNBEPAT §RcInofEtle?s itRE e Tpeed o
per neat i onaafiithenperneat esatsnboDostufdeinti ef\t , iseparatd o ebépeirehey a s
poor. In n- pat ent Doc nt_ 5 nbr.ane _w i 3 hS
ood whi CHSEBEPEeRSRAact BVer meshsl rras o harbeBfLe Mudfdle ® indh
m crofiltrdbesnmoenbeanesia Jenesdlaliystf dissepaest ingthe sBlExiareméng fi ne
solid, suc el .a i.quid, LS rate rat he
hormgeneoug[eéﬁggé%o:t\l;lgdBgg?%k%go?ga%}?%%%%né&%ﬁ?%gt%é%é%‘g%urre%ra&e ﬁafei on
nenbr drfe | sodyed tasanthethensioarsitemdier F0j keadit 102 &% t A8 PédrEati on

rate for thggselivent el By ramr kabkgnkovangepaiat conshbetweans to be
het er opol yaci d and the 20 solvent is cribed above,. while

d, , poor .- As _des ; \-
het er opol yﬁéFH‘l%'ﬁéldatlisoﬁeFééﬁﬁff'éiue@thﬁg‘é BERATEEsRF | AU IY hede ar e Mot
t he techni guas tiBrwhinéhesepar adione efdniloiency chap rieéngexani hed ef ddd vy,
nmerely applying these cannot, full V. s Jonngene acid
catal ysts i’é fi 85°hBEEFoPBI %iﬁ?glf%g@%%i ?wa%%%%eﬁéﬁéﬁenpo’t nélS?Lepar gﬁ%on
recovery mathed tchdtdesarcdoesicionstidey edhef fhergariconenbrageentagf bl i ng
contri buti-gno i ficte ti RRERM .and Ch48 Uutddd icon of
homgeneougggbigg%&at a ygégégggﬁ&aéﬁﬁé{ _erogg%égld.#%%?001z] Pat er?t?aa{l
Docurment 1melgpanese kekai PSS cat? on SP2ATEE05- 402D eRPL¥PFidat i diiC

Pat ent DocyaeBt-o201Y0-3006=L8REE324Spe6EA] Calv Dy Malerb Dossgenin ThaD
2008- 001696 ( Speci fication) 35 Patent, gocumant 4. J.acoan%%e Kaokai
Publ i cat i oi®RET22608. F7flygpcovery, With an inorganit MEbrane.

20 [0C08B] ' : '

Furthermore, a. method has beeh described, which uses
heteropolyacid at low concentration to hydrolyze cellulose (for
instance, Non-patent Document 3). Here, silicotungstic acid
is used to perform saccharification reaction of cellulose at

25 60°C or 100°C. In addition, a method has been described, which
similarly uses heteropolyacid at low concentration to hydrolyze
cellulose at on the order of 80°C (for instance, refer tc Patent
Document 7). These method have a problem in the long reaction
time of several tens of hours, and in additioen, there is no

30 description regarding heteropolyacid recycling method.
[0009] '

As described above, in 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,



(Specification) Patent Docunent 5: Japanese Kokai Publication No.
2009: 60828 ( Speci fication) Pat ent Docunent 6: Japanese Kokai
Publ icati on No. 11-285625 5(Specification) Patent Docunent 7: Japanese
Kokai Publication No. 11-343301 (Specification) [0013] Non- pat ent
Docunment 1: "Newest technology for Biomass Energy 10 Use" (CMC Publ i shing
Co., Ltd., 2001) Non-patent Docunent 2: "Devel opnent of New Et hanol
Ferment ati on Techni que from Cel | ul ose Bi omass/ Devel opnent of Pretreatnent,
Saccharification and Et hanol Fernentation Techni que” (NEDO Research Report
2005) 15 Noif- patedtti dDecitnent! :orkEN H ROcARMsam wviehothese Wl kakenof
Appl i ed Pol é@%r Sci ence, Vol. 30, 3051-3057 (1985) Non-patent Docunent 4.
M A.. FEDOP ggd five others, "Catalysis Letters" (USA), 1990, vol. 6,
pp. 417-4220010] Non-patent Docunent 5: -Chiyo Matsubara and two ot hers,
20 "ANALYST" (UKyo+1987¢n4@l - 14120 tRRds1 257 126QaMangpaiens sbeGarenicss: S.
Roy Chowdhury and three others, "Desalination" (Neth), 2 gﬁ \éol. 144, pp.
41- 46 SUMVARYTOFETHELPRIENTRERT OB OPYET-Em it U5EUSEiPy 8d Cﬁg K% nvent i on
[0014] Theepeesedl yhavants an wasrgeniseco acid eltafi nelkef com rtéwet
situation descri bed . above, . and an object is t vl de apns.for, preparin
a nonosaccﬁgflid&@sﬁ\%lé’f]fi &ent TP hydFol y5Tg aé%%epsl’ol y%ggcﬁg(ﬁi dg.OqIC%Q °
parti cul ar Heiterapoit/aaddt hat arsesc iphondgénedes wgd 2at al POMAUEIEHE n a
nonosacchar I i ; - y ' |1\ <C
separat i oncﬁegﬁgggmsgpa?%]\?ﬁ%g?hg% (?%ngdlél?%? gﬁ:’;{{% %%%%%919% Ige%:cgﬁi ni ng
hi gh rk&ct usnngeltddsi wirey bedngr eviedd@ed-n addition, an object is 35 to
provi de a honpgepgeus;@cdibE kst sseparattosrsps hpscl bamasepdradtles a
honbgeneous acid catal ysf from a honogeneous acid.catal yst:-cont %!e?oq:%

|

sol uti on WSERCKi R RFeRet vl afd FedfS SBRCRSHT §h LSS geneblic®)
catal yst reg@veryerath® raiadtowrenerngy ¢asts,iamthafliat hageapplimabitento a

variety of .reaction s s;ﬁ}n%h%égg&%%?%gcgsgfs% pect erLhere.i S_Lnﬁrt‘?n‘@ ded

a met hod f o pHEP&Fi ace y "Rydr ol yzf ng-a pol'ysacchari de .

usi ng BS homegendons metdctabalbystqugh separaphenciid HREMSINOHES cotistilses a
hydrol ysis st gpyaf hydrolyzina-ge B9l ¥sasehahbdeaysi ngq i Hoimganeaus oaci d
catal yst wi'th a'm)iaecha& wel gﬁt o? 200 or greater, to generate a :
nonosaccharicdet iang and 8gayatien sy iem ﬁéetﬁﬂﬁd&?%gg TGP e Yt
after hydr@hysi sipgBétance okfhe separapbyasiep isepardasi an Aoddak-diyuid
separat | Ontsetc%%i({);ues%%%rr%talsré% .a.hom)genous acid catal yst- |
20 waever, 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
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, 1s desired.
[0011]
As a prior art catalyst separation techniques, for
instance, membrane separation of heteropolyacid using a
30 polyamide reverse-osmosis 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 um, have been described (for instance, refer to
Non-patent Document 5). Or, the possibility of using Nafion

35 to separate and recover, from an agueous soiution of



containing solution froma hydrolysis residue and at | east one step

sel ected fromthe group consisting of the following steps (A to (O:

A) a step of separating the honbgeneous acid catal yst by perform ng
honbgeneous acid catal yst nmenbrane separation treatnment using an organic
pol yner nmenbrane as a nol ecul ar si eve nenbrane, on a honbgeneous acid
catal yst- containing solution separated by the solid-liquid separation
step after the hydrolysis step; B) a step of separating the
honbgeneous aci d cat al yst byper f or mi ngor gani cconpoundt her mal deconposition
treat ment oRtarbydngbysidswieancs irytamgdduaaini chnadsarhs ipar bfols t e
honogenous aci d catal yst, and whic _been separ at ed the sgolid-|iquid
separationhﬁﬁ?épppﬁéaﬁ%gro?@%ﬂ@“@@&ﬁggﬁﬁgﬁébyh?ﬁe%ﬁgpiyg%agﬁﬁ%%giAgog

or gani ¢ corpettadicien trederesiod len-paignt Docume@t #lstep of separating the

horbgeneous ct drakahYSleent nocunbyebel LYy 8 ngxhpgpagneays i d e al yst
elution treat menft using an al ka?l ne solution or an organic

sol vent 5 cornaiini ¢ly adut it apr L RC 1 he 2RyeRRA AT ed HeARE i BhOrE8Rd G INTET
adsor bs papf@f-ahle feapgenaus ackd sagalyst ssepappbed.by Bbeeset| d-idr quid
separation _after the . hydrolysis steg. %00}4% . ln_ a secosndd aspect,
there is pPov 8&dSAtrBPRETS ST 4sefaf At FAYC a° FORDHRHETTRT ARF L Eat ATyt f r om
a honogeneewns Aeindreatal yst-contaiairegescketbisopsis membrankeirigertdral

met hod conprises a ste f separating tihe,k C I
per f or ni ng rﬁ%ﬁ&ﬁe%gg%g%gpy‘% errEgrTTﬂbe(rgﬁaer:lL ggga ation tr’eg:h%e%?éﬁgyncgzsa{:
mol ecul@r  Yieeveesehbpanemoardver, sincehghaoseesd avf speveeaehtn dife il a
ol ecul ar g% TRED] ARG LUSHAS: Allo Ot 9Afa ROIVIRL £ FREDEARG 1 AP0OR, PUIKE

wat er perneation rate of the organic pol'yther nmenbrane is 1 g/mn/n2 or
greater at N2BCpament. DonPaenVeansafBeMSHENe - the Posl! 8hzEo0fs Hm 1S As
a rﬁsgl ]E of;s@ar Nestc1s bueh-esponlie J@é%&ﬁi{&b rdhﬂ\/.di_em l_aﬂfi&ardin&mmtlehed Hdwatver,n a
nmet ho or prepari a nonosacchari de raolyzi.ng a _pal ysac ri
separatingaa“E§FQ%%i¢ﬁﬁq%94cﬂﬁ Ty éﬁdg¥8ﬁfﬁ%sfsm§§£gg%|ﬁﬁ%§£&%%§5

cat al ys% hawitigma Lyof ecdlsar] Wi ghichofis 200edy agrcbat Biqusd used] ishmable
honmogeneous acid catal yst | 2par at ed s |18,4.6a¢t i ony -and
t he separ ats-ﬁioonsif3 a%%??i-Zhdo%(l%ﬁg‘gggggiﬁeaﬁé%%le&%t%geg'i ng:?(&% nmet hodnfor
separ at i ng Nohe patrogePecusenti @ Natfamsme@vrw fi6r e ag a4 _ GEPRIRI I d
catal yst nmpnbrane separaldiqn dd aa M Jisiiith i JPl e arosiaye senhsane,
on a honogeneous acid catal yst-containing soluthg%after L?e Qxdr%H%§|s
step, (B) beerEoERTAFkalehd oM ngehREA hbAb HENNGHE Bt oF G aY TSt By © the
per f or g Ng sQNGamitC iGomRNd thermal deconposition treatnent on a

hydrol ysis reaction resi due separated .sol id-Liqui ragl { t he
hydrol ysis step, &n ?%Sfﬁé?%oa%?ﬁF“ségﬁ}i?iﬁStFﬁggﬁgﬁgggﬁeg%%éékfﬁﬁéﬁ
cat al yst by epemfiopnisnpavenbgene des cadbédgathbpst asbutpbntine el PRI IWSS ng
an al kal'i ng_sql.uti.on_or rgani & 50l venf - t 3LBHL NG SAIHd PN 1 S 1-he
hydrolysislpéégFVgﬁ ?ggfgﬁggggpgﬁg?ggi%y s&%%%-??qui% seﬁération”aft%r t he
hydr ol ysi s metred.y | apmdgihgunthesat gannetal Fowed tFRSHDYDsdcthartPdé, Which

is the,produgl geapdide scaial yatat 9she sspanated anpddegefedid. In
sufficrently, and as a result, also allowed the reactlon%%cli_ l.d .of the
f “PRatS by

monosacchafiddd e et PEF§edr e A0t FEPSAfE O MBSCPY il at

usi ng het erQpRlivRGicd asrt he chenmogeteous tanitdo £atmib/ising sehtiriputhenniss
proportion of . hgnbgeneous acid catal yst and wat i.n.the_ h S|
reaction t & SP&dit iTRENY l,o%rrggf)%lfleﬁﬁ £Re reéf?cetclt&ﬁ’tet glrr%%%?%%leé%fo% he
hydr ol ysi s hceacidreouso aishedd fa by stangeich &t | loviedr aprel Yyekdl ysis from a
pol ysagﬁhar'ocbelzt 0 a nonosaccharide to proceed nore efficiently, which

| eads 10 a fprepaJr ation nmethod all owi ng a nonosaccharide to be generated
wi t h hi gherPatesct il wedrtet } vidgpanese Kokai Publication No. 2005-40106

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



S5Furthernore, the present inventors exam ned, anong the nethods for
separating catal ysts, nethods using a nol ecul ar sieve nenbrane to separate
homogeneous aci d catal yst, and focused on organi c pol ymer nmenbranes as

mol ecul ar sieve nenbranes . It was found that, owng to the existence of
organi c 10 polynmer nenbranes with diverse pore dianeters, by selecting and
usi ng an organic polymer nenbrane according to the nol ecul ar.size of the
honbgeneous acid catal yst contained in the honbgeneous acid

catal yst-containing solution, or, according to the nol ecul ar sizes of the
hohDgeneOU$Spe¢rEimmtdqml and of 15 solutes other than the honmpbgeneous

aci d catal ﬁ!§£?1\g@e§o&rﬁghet§ 0&§§%né£@®otk%% beppgeneoys wei & ovak-alossts i s

cont ai ned ADgENeoUs cat al yst-contai ning solution, not only
t he recovef%p@@@ftﬂiﬁlme honobgeneous aci d catal yst coul d be ralsed but

al so, sincg,a-har g6cGARAE by PRLAUSssURpPRAL s Tida f ESpuiNCed, 1 1265625
contrast to when_an inorganic nenbrane is used as the separation nenbrane,

the | 09s ofSpeghf{eti¥tbvery ratio attributed to the adsorption of

cat al yst Op&@eﬁheD@@ﬁﬁu&tsUppabpameebdekaavtmh&xbaﬂxpmuﬂht|kﬁT34&3Q&as

al so found #hat %%X u5|n an organi c polynmer nenbrane having a pure water
per neat i on PR e BECR ﬂ.g/n1n/n2 or greater at 25C and 0.1 MPa, the

sol vent pefd@bt] on rate became sufficient, allow ng honogeneous aci-d

catal yst tl\cl)orpepgi%)r% H&difdam he‘ﬂé@«%‘%@eﬂgeHﬁo%gy for Biomass Energy
10 TUse” (CMC Publlshlng Co., Ltd., 2001) :
Non-patent Document 2: “Development of New Ethanol Fermentation
Technigue fron1Cellulose Biomass/Development of Pretreatment
Saccharification. and Ethanol Fermentatlon Technlque (NEDO
~~Research Report 2005} '
15 -'Non patent Document 3: KENICHIRO ARATI and one other, Journal
| of Applied Polymer Scrence, Vol. 30; 3051-3057 (1985).
Non-patent Document 4: M.A. FEDOTOVandfiveothers,“Cataly81s
Letters” (USA)}, 1990, vol. 6, pp. 417-422
Nonepatent Document 5:_'Chiyd Matsubara and two others,
20  “ANALYST” (UK), 1987, vol. 112, pp. 1257-1260
Non-patent Document 6: S. Roy Chowdhury and three others,
“Desalination” (Neth), 2002, Vol. 144, pp. 41-46 '

SUMMARY OF THE INVENTION
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 seperation
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 cataiyst separation method that



catal yst-contai ning solution with high efficiency. Since such nenbrane
separation using an organic polyner nenbrane can 30 efficiently separate
honobgeneous aci d catal yst regardl ess of the honbgeneous acid catal yst
concentration of the honbgeneous acid catal yst-containing solution or the
mol ecul ar wei ght of the honbgeneous acid catalyst, it was found to be
particular effective in cases where highly effeetive separation and 35
recovery of SkpR§gERcoashARPESBALAF EAL T 6F glust Peor enbrregereers #ridr
art honmogenequs13aid eataliyShSepaiatoniMBiHds e fSUENeASyidhCaSLizes
- honogeneous acid catalyst is to Qf s%p rated froma solution.with hlgh
honngeneousaaE?ﬂhc%ﬁ%ﬁgéqeﬁﬁﬁdﬁﬁk SELEHYSE FROQESEY HoHoe AdodS WatPar Iy ,
cat al yst coebatBedand thhe 3shopEpenaedus tach dacdalyst reanttdion agssahsat i on
is mononeric. Furthernore, it was also found that, incase a. solute other
t han honogedééuidadci d catal yst is contained in the honbgeneous acid
- catal yst-cont ai ni sol ution and the s?ﬂute of her tha onbgeneous acid
catalyst is an org%ﬁi - qbna?pEFECe Qﬁrfb'ﬁﬁgBﬁP@lgSByﬁ%rmﬁﬁﬁﬁ?aﬁgrhas
high affini pyeparihg ar gaiHdsLUMmeund Hpmgenrsopsiag d rigluslnaeyd be
separated readily by filtering the honpgeneous acid catalyst-containing
sol ution thFéngtﬁlgomﬁ9¢ﬂa9P§ aoEth cakala8tf ound that, when such an
organi c pol yther nmpyrane ig_u i ing th eneous, 15 aci d
catal yst and othercoﬁ%??tEgﬁtéﬁggg%?t%gﬁﬁgﬁéggné%ugﬂéﬁggﬁ%Sls step =
cat al yst - cony@rolngisgl uii opplybechbapddeeousiagi dacahahmysieneoukd Beid
rejected with high rejection ratio and the other constituents could be

pe/ neat ed mf?ﬁa B gH*fet nfat MBACFRLRPD WSt SHangPlg Phe PrRRSETof tohe
constituent§ehdi-df® 0! Hbh8Raceladdean H£id 1 &1 el Sepy St i ARt dOW gner gy

costs was possible. As a result, the i1nventors have cone to a concl usion
that the abevecgmmedwhettipd obientysanmbeesoiwdbedls armhd hus have

acconpl i shed the present_ invent.ion. The method.far preparing.a .
_nonosacchar i de ofg¥ﬁ% pF@%@ﬁFﬂféﬂinvéﬁfﬁbnF?C&ugfﬁgargtioﬁgﬂégﬁéaqﬁéging
a comon t esdpcatidmi BkEpy o 862 POt Diig t Rathcodaanegysg achdagatalyst

is separated by carrying out a specific treatnment on a specific target
that is a sSHMHIGHET t LAGHPBI FEPY PedBIATSHYaMS cfeTohitai avd aahohegeheous

catal yst. 30Q{00 hat, . say ne t sent | [on_ ks '
‘met hod for prepé?%%% a;%%%8%§gch§FP e é%%%tﬂfﬁggg m?%%é¥%€£§%ll%§ﬁngh?1)
as bei ng esBertgvalnaratepot (e tof (Me: present invention is a honobgeneous

acid catal yst sep$hation met hod constituted with 35 the following (13) as
bei ng essential. THe {ref%fTRd RbdeSFPrating the homogeneous™ acid

catalyst by per’foming homogeneous acid catalyst membrane
separation treatment using an‘ organic polymer membrane as a
molecular sieve membrane, on a homogeneous acid catély’s’t—
containing solution  seéparated by the solid-liquid
'Sepaiation step after the hydrolysis step;

B) a step rof separating the homogeneous acid
catalyst by performing organic compound thermal
decomposition treatment on a hydrolysis reaction residue
which adsorbs part of the homogenous acid catalyst and
which has been separated by the solid-liquid separation

A_after the hydrolysis step, thereby thermally decomposing
organic compound in the residue ; and

C) a step of separating the homogeneous acid

catalyst



the present invention are constituted by any of the following (2) to (12)
and (14) and (15) , or a conbination thereof. O her preferred nodes wl |
be described below. (1) A nethod for preparing a nonosaccharide by 5
hydrol yzi ng a pol ysacchari de using a honbgeneous acid catal yst, wherein
the nethod conprises a hydrolysis step of hydrolyzing a pol ysaccharide
usi ng a honogeneous acid catalyst with a nol ecul ar wei ght of 200 or
greater to generate a nonosaccharide, and a separation step of the

honogeneous aci‘d cgfal ysirethehglOnbydiehysi:s, aedd hegenarat | i itemh
includes at |east one step selected fromthe group consisting of the
fol | owi ng (AFepemery using an alfmlizesseg ubfioge par &t ry 9aie chorrdgEidous
aci d cat alyab,by; RELLOT NG IGADIRNLONSACJaraI gLYS! JRIDL AN SERAlAld on
treatment using a nofecular siéele nenbrane,”on a’hohogeheolus 15 aci

cat al yst - corhathi ngdselrivisi onpadt er ofhe thedr dhysdgesd@P; acid cat@By s
step of separating.the honD%eneous aci d_catal yst by penforning organi.c -
conmpound t hEFREF2H8ContB5i t FOR t radt FRm TR D" hPEPSRYSieoT eatteh rddiddue
separatedZbMyggbigsigqy{Q%§eparation after the hydrolysis step; and 20(C)
a step of separating the 'honbgeneous acid catalyst by performng
honogeneous [8@i#btat al yst el ution treatment using an al kaline solution or
an organi ¢ sol vent:-containing solution, on the hydrolysis reactjon residue
separated by sol i d-1iquid SEparkty o ‘af F@?r‘? h&®h d:ro(ﬁ]gfizei,ci ast@ﬁ&?@[ &6F7]
(2) The net begatatipgepatidighfei@nosasehar icdeaageer dingnt 8 GbnodfRedeus
wherei n the hydrolgsis step is a step of carrying out hydrolysis with a -
proportion FRIAeSRtBEYTeetrRhri bR gentBEEChci d catal yst and water present

in a reaction systgm.if.fheprangs. oft0nls 9to =50,  dyr
hydr ol ysi s reaction. f%ﬁﬁ8? . 7 1§Qi(%f ?%égggtﬁ%dsgg p?%p§$#%ga%q%g
nmonosacchar tde hotogemegus ocdtalpst( By abefermihgr @omobkacbhosoganaaystaci d
~catal yst includes an organi c, compoun aving a,sul fonic acid_group and/or

d h g a.:
35 a heter dpOTYERTY. STRHUIdT04) FhehBEHbd F8178r efar PRGSEUBRos HEENEr i de
accordi ng membrane, and ' S ‘
the molecular sieve membrane is a molecular éieve
membrane using an organic polymer mem}ora.n‘e, and a pure

water permeation rate of the brganic polymer membrane is 1

g/min/m? or gréat‘er at 25°C and 0.1 MPa.

Means for Solving the Problem
[0015] |

As a‘result of earnest studies, the present inventors
discovered_thét, in amethed for preparing a monosaccharide by
hydrolyziﬂg a polysaccharide, separating a catalyst with low
_energy and low cost was possible when a catélyst haVing)é
melecular weight of 200 or greater is used, the homogeneous acid
catalyst is separated after the hydrolysis reaction,rand the
separation is carried o-utlbyV at least one method arﬁong (A) method
for separating'the homogeneous acid catalyst by perférming
homogeneous acid catalyst membrane separation treatment using
a molecular sieve membrane, on a homogeneous acid
catalyst-containing solution after the hydrolysis step, (B)

%2a



to any of (1) to (3) above, wherein the honogeneous acid catal yst includes
a heteropol yacid. 5[0020] (5) The nethod for preparing a nonosacchari de
according to any of (1) to (4) above, wherein the nethod conprises a
recycling step of recovering and recycling the honbgeneous acid catal yst
separated in the separation step. 10[0021] (6) The nethod for preparing a
nonosacchari de according to (5) above, wherein the recycling.step is
carried out irmediately after the separation step in the nonosacchari de
preparation nethod. 15[0022] (7) The nmethod for preparing a nonosacchari de
according to any of (1) to (6) above, wherein hydrolysis is carried out at
a reacti onpteRper atdk € 1308 hhghekohmBgéheoly daelivisi sashepst 24 P023]
(8) The nethod for gkgpaang a nonqga%fharidg accor dj ng tgrané-of (%& to
(7) above, PHREPEFHAY & 9501 A S GRBRAMT A& N R TpBP § R A THE Co6EATTEE Thr ough
a pretreataentydtspyd el udiangioh | easidoae ssmpngtedesal tdoigl &t epruid
delignification step a 25 hem cel L-ul ose val_ st ( The -
met hod fors%ﬁ%ﬁ%ffﬂg 5%%§ﬁbggg%ha¥§ﬁ%iggg§ré%%a’tghgﬁyﬂg} b%%ﬁﬁ?(égr
above, wheseparahingol el dromsiganeavenbreaisl usegalystheb st eqewioBEIT ati ng
the NomgansMiisefcsds LA X3k a30sRYe PELE BANE Atk i TRERAENE, SePAI Al ON
treatnment is a nolecular sieve frembrane using an organic pol ynmer nenbrane
and a pur esWatiekopepreani orIraLe P lueaio A n3ay PO Ut Bra® itde
g/ mn/n oy KERy Sl s ﬁt ré’%@t@@ﬂ Oé:gas&/a@e [ (2RIra320l 0 yThesdetdadi duord
prepartng §L§EEEﬂi§§§ §¥Qe§3€%%Fggdkg%ysis_step.. It was found that this
allowed the monosaccharide, which is the product, and the
| catalyst to be separated and recovered sufficiently, and as a
result, also allowed the reaction yield of the monosaccharide
to be raised; ‘at the same time, it was also:found'that,rby“using
heteropolyacid,as the homogeneous acid catalyst, setting the
mass proportion of'homogeneous acid catalyst and water in the
hydrolysis reaction to a specific range, or setting the reaction

,  temperature of the hydrolysis reaction to a specific range,

ob



to any of (1) to (9) above, wherein the organic polyner nenbrane is a
nano-filtration menbrane or an ultrafiltrati on menbrane. [0026]
(11) The nethod for preparing a nonosaccharide according to any of (1) to
(10) above, wherein the organic polynmer nmenbrane is a pol ynmer menbrane
havi ng a cation-exchange group. [0027] (12) The nethod for
preparing a nonosaccharide according to (11) above, wherein the organic
pol ymer menbrane is a polymer 10 nenbrane having a sul fonic acid group.
[ 0028] (13) A nethod for separating a honbgeneous acid catal yst
from a homageseeds atid chyéatybisiont drpinng sol polpsycalieeriedan t he net hod
.conprises a step .of separating the at rf orm ng
honngeneou§088?§F§%?r %ﬁ@gﬁ@ggﬁﬁa%Q?ﬂ%%%ﬁﬁﬁgﬁﬁéﬁégosﬁﬁéég %%(ggu(gﬁpgieve
menbr ane, andpéhethivhesetard sileve imenty avacisgcahgplideut arbsigare nadiftst ane

using an o | 1 RRLYMRL - PENDK abg c @, - puUre water perneation rate of the
organi c poﬁgggrﬁﬁgn%raneagg 1 g/n1%/n2 onygreater at 25C 20and 0.1 Mra.

[ 0029] 5 . FurthgreoRet HEtE e seéfal&VeRG 4 ShBroBehedue™RIH Wit at yst -

according £81kd3y 2BeVEepuhgt Ch theaDyges) CndehydEerudBIprAnD sl ar
-nano-filtration neg%rane 3{ an ultrafi]Jtration 25 mengran?aL &O%SO]
(15) The nBlfvd FEFPLERST 419 PR HHmogBRRGUE AR datdl veF2a¢esr didf t o

(13) or (1l#pcabede,omherganithedngar crpobyapes nerfr anteslar pa e

menbr ane having a catign-exchan 30, gor . res | vent | i be
det ai | ed bré?%k@vgai‘%ﬁsl]lqﬁrﬁgsﬁe}ﬁ“ggt?%?' 5%&%%?%3*}% %-?lﬁ%éseé{cﬁg? iddtga(l%%hée
nonosddc hapd tempr epatatines whthodyvest et perpdésant erAvdiit Fohegbieamid ses a-

hydr ol ysi -Su§%§§ Esr)rﬁo l%&éﬁrpﬂw&%{%@ YRGS g%%orﬁ%h?gt@ hampganeais Aci d

catal yst w ~ul ar weil ght of 200 ‘or greater fo generate, : _
nnnosaccha?%é%sCéhdtéehdHﬁGéﬁ§6ﬁ§H§cP§lébt5?9§%Y%%péW§gﬁéﬁegteb“aﬂ?%ﬁ t he

“hydr ol ysi spoddiee iBHRS anshard-0e 1/sepajatdaminet Betuof oh heopr eserirding
i nvention can be used for prepari | ucose, which i.s, a osacchar i de
spect s, omE BRIRRSI oL ShES T ShaCEPPORbREo B ek SRPPOTOr BTactes
flow fier psepatengtmmosaaahaie desmdygeomdisonasd ¢atflgidtowbenfa rsilute
et el RS i 2 SR M AL AN LY HREEY sk £81 OB a A OB Fifel Ot
_ homogeneous acid catalyst-containing solution, not only the
recovery ratio of the homogeneous acid détalyst could be raised,
~but also, sincea large—capacitiy porous support is not required,
20 in contrast to when an inorganic membrane is used' as - the
'separatiOn membrane, the loss of catalyst recovery ratio
éttributed to the adsorption of catalyst onto the porous support
could be avoided. In addition, it was also found that, by using
an o.r'ganic polymer membrane h'aving a pure water permeation rate
25 of 1 g/min/m? or greater at 25°C and 0.1 MPa, the solvent
‘ permeation rate became sufficient, allowing homogeneous acid
catalyst to Dbe separated from the homogeneous acid
catalyst-containing solution withhigh 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 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



10 bi omass, and saccharification (hydrolysis) is carried out by adding a
honogeneous acid catal yst. Fromthe saccharification solution obtained in
t hi s way contai ni ng nonosacchari des and honogeneous aci d catal yst,
honogeneous aci d catal yst is separated, nonosaccharides, which are the
products, are 15 obtained, and at the sane tine, recovery of the
honogeneous acid catalyst is carried-out. As a nmethod for separating the
honbgeneous acid catalyst, there is the nethod of carrying out menbrane
separation treatnent using a nol ecul ar sieve nenbrane on the
SaCChar'f'ﬁﬁlbﬁﬂm&@%ﬁmdybﬁéwﬁéudummckﬂ%l&%tnaapsaathanlﬂesha@d t drech

honogeneous aci d cat st. In addit.i t ng
t he sacchafffeaid%h Ib%o%rﬂcé‘lcﬁ dr?&%g%nonosacc ‘lg}gggg%%% f%glh
honogeneous @ik @t adlyﬂi Haiyyts dlondbgleingiock sepéra@t@hysb sepeerteathen
reaction residye ag%et hﬁoxrn?)%(éhlegﬂssoégiaOrbaitadlq/sl{er E%%ﬁf‘a@.gle%ﬁ Qhoanh &

conpound tﬁermarf gecorrpom ron treatnment on the reaction residue, or, the
met hod f pendoemivies & hbhogahabustacpat e MY stOBHA BN ¢ rRARPRNELTisi ng
an al kal i ng, S0/ 4} 0P OF a2 QTN ¢o8ARMENt CONtRIdH A SDLLE beheanthide

t Wh t |'id-
LﬁﬁSgLﬁQOLﬁ%@%’&wf Gatid) ot SLui i fAiRe 1Bad BAGRRaEPUd 23H be

further se@@g@l@t%ﬁ@@ﬂﬁ@e%@yuﬁmm yiamgl o%emasbﬂane sepheat i Oman

t t t mb t
s;ggr gfgd l!f‘JSI ?r:‘g‘?ré%%ﬁ 0?10+‘gs F&Eﬁgigsge o O(')r n ad:t?%}cpdu% oo Lﬁé@ﬂan

separ ata onotcgaaimepblmgrbmeuzwrrar@d 185 o@igmlsaﬁélal‘rml goultdre s@é@@nlc )
mermbrane on,the sacehar, ' AR %%9.15°ch8 zlj.lall%tcQBEﬁa%é‘gegB?ca‘E‘é@l%@&@fﬁ' des -

and the hormg%neods scid Cat organi ¢ conpoun her mal
deconposi tbprﬂlﬂrteaunerﬂharﬁim@gﬁ@rem%sn@@ll@ﬁattﬁéYé’Gt‘ﬁioﬁé@l@éF@t$%utl°n

cont ai ni ngwﬁgfe *EOJEJ_L engpus; aci g £kl ysk %%efoﬁﬁ@atn.tatngwh@ﬁ Such an

nonosacchar i onbgeneous acid catal.yst el Utl on Ei-[hl glhmant usi ng an
al kal i ne s@xmm%peﬁyaﬁrd?%%%n%%ﬁ% c ot SERF Ty 5oF CTRRYEHE! |
- perfonmed opid batrkegell opdreshétieonstituents fréhelaxampbgeatopsogess flow

in preparin nosaccharj des 10 10 S S n

Her eaft er, %‘??rerlo %%l%lo%éfh??mgg%pa?%??g V\Q?é ag{‘gi %&talyst.
monosacchacéted meepmjﬁéamd met tioda ofigher pieskhtn i nvehe | @Imdv\i;m pleher
desorl bed (LIt fdaN, %ohﬁé%ﬂé %J%ﬁﬂe%ééoemﬁl genera! bagnaBA9SACERL) des

by hydr ol y2| ng p ysacchari des retreat nent pol ysacchari des,
which are Wemwbﬁhgﬁaﬂmn‘ghm@ﬂea% t%éFOflﬁélﬁﬂﬁﬁgécjefhélhied%%lu%?%h are

- the prgductsy AndrtheibhikeseWs rlatli%ndgﬁCIé@%i}eer@%ftfsewast;IBQS;{%IQ&BD@EHEOUS
acid catal yst separation net of the present inventi

od
descri bed. 296] 6637Lt, the FTRESREAESaRRKE FARE d?oeﬁaFQPFgHSﬁé’Pthantrﬂ%e
present I%ﬁé%rﬁ@@{é@emabmmgolm et eploéd hydial yzinghus have

polysaccharldes usi.n onpgeneowus. aC|d catal yst to generate
_monpsaccha? U, ]arc%eq%qfﬁb heol h%l%nca$%1 yst separation 25 step after

hydrol ysi s, bot Itof mahhok fray peearined vohosacehavidewyt baecpresedt out
two op g more Lines,, | ag%féﬁgra%gﬁrméﬁﬁgﬁ HRY1 0E éné:&&hqgg ’@écﬂn‘?ﬂ@a?s

- these”Steps are included onbgeneous acl d catal yst
_separat i ortistrepinaf ter hier d?cylsﬂts Pt uaeéloapgpé%tlsoﬁéﬂéjel ‘é%ftfé}elyf’fﬁ' ohf t he

group 30 C%é&ﬂ&ﬂw c(a%)rfi &R.110fa %tﬂcngrb@@m@ﬁ@ggnﬁoﬂﬁe@i}fﬂc
~cat al yst by ‘perform ng honogeneous aC| ata st. menbr ane separat.i on,

treat ment YATIRE atBat ekdl ar Ssqlé\FéL% teﬁf”e Thes Honbyehebed athy

~cat al yst - cap@a Nt SbgoOneahisecatheybydrol ysis step; (B) a step of -
separ atl ng tgle honogeneous aci d

That is to say, on‘e 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 homogenecus acid catalyst separation method constituted with

35 the following (13) as being essential. The preferred modes of
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35 catalyst by perform ng organi c conpound thernmal deconposition
treatnent on the hydrolysis reaction residue separated by solid-liquid
separation after the hydrolysis step; and (C) a step of separating the
honbgeneous aci d catal yst by perform ng honogeneous acid catal yst el ution
treatnment using an alkaline 5 solution or an organi c sol vent-containing
solution, on the hydrolysis reaction residue separated by solid-Iliquid
separation after the hydrolysis step, it my also include two or nore of
these. In order to increase honbgeneous acid catal yst separation

o e el e e B e (B 1 0033) 5. +he
A e g AR e e e e R e

onbgeneous aci d cat al yst
froma hydyfesirsed earid OwirdsimueicEs nibiedhbkasvbeen separat ed by

solid-liquid sep%?g&gn sc%l |Gd (fle)(}ul %hr%?gar ﬁbl og i ﬁoggsg@\gggtmab sbgp when

carrying out the eas the step

separ abi nguytdx@ﬂmmaszisa(ﬂ@a@aldﬂ%ltn‘Eﬁ ‘ﬁ%‘g %ﬁt&Y&t

catal yst - Qﬁﬁgfgly Qgesﬁgghbgﬂmoﬁﬁ%igkéIaquydr§$§§ﬁ§t$tépldf retdr2Qyedsent i al .
Consequent Wh e solid-liquid separation st LS, npt_an f%ﬁe%tl al
step in tie prvvsaceharide PEEREr At ISHOREERGY 5o %%Jg%% i nivention, it

i's preferghlied LapEygRYlot heo 99l gtedtiagutd gsaemraa:ta @m%ml@qcﬁﬁa@rl@@r to

i ncrease the recovery ratlo for _t ousk
25 acid ca yst5ePALaddory S| F’EUPE Eg(ﬁar ar?&g&? %%?l@ ress rééof%:%l&aglgtl on

(filteo pnesscrydis bhl@eihemamtm fstEPrmC?Jd#ﬁe%@Geé@éSEéﬁ&? &LShh

- (screw pres reei talies (c

separ at | or?e(s"t?&tae?#gf%nnte%? &1 béﬂ?%gﬁ%@%{ﬁ%h@%oﬂcﬁ&gﬁlﬁn Cgl) ( ) Wi th
. no particular |itH}tatiscep Aﬁoﬁgpﬁﬁéééngp¥%%§Hﬁ%99qqq9%ﬁ|Qﬁ+ ﬁﬁ&§gﬂﬁﬂie

Separ at| oA peerqoezfﬂl?gpltﬁnﬁcfégﬂé&% R ﬁtﬂr)@:e&@mmeﬁ:pa{xm&]n
' treatment using a molecular sieve membrane, on a Homogeneous 7_
15 acid catalyst contalnlng solutlon after the hydroly31s step;
(B) a step of separating the homogeneous acia catalyst

by perfoz:mlng organlc compound thermal decomp051tlon treatment
on a hydrolysis reaction re51due separated by solid-liquid
separation aftex the hydrolysis step; and

20 ' (C) a step of separating the homogeneous aeid catalyst
by performing homogeneous acid c‘ataly_st elution treatment using-
an alkaline solution or an organic solvent-containing solution,
on the hydrolysis reaction residue separated by solid-liguid
separation after the hydrolysis step.

25 [0017] | - |

- (2) The method for preparing a monosac_charide according
to {1) above, wherein the hydrolysis step is a step of carrying
out hydrolysiswitha propoﬁtion in mass between the homogeneous
acid catalyst and water present in a reaction system in the range

30 of 0.1:99.9 to 50:50, during the hydrolysis reaction.
[0018] '

(3) The method for preparing a monosaccharide accordlng

to (1) or (2) above, wherein the homogeneous acid catalyst

includes an organlc compound having a sulfonic acid group and/or

35 a heteropolyacid.

iz



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
nmonosaccharides remaining within the reaction residue to be recovered in
the water used for washing, allowing the yield of nobnosaccharides to be 5
i ncreased. [0035] Organi c conpounds such as non-deconposed pol ysacchari des
, the catalyst, and the |like are contained in the reaction residue. Wth
the step (B), the honpbgeneous acid catalyst is separated 10 by perfornlng
a thernal degeposition treatment of the organic conpound. It is '

[ -
preferablethat theterrp erature for the.t | BE:@% nt is
300 to 2, 000C. I%V\%rmef’ﬁ&?fyi?ﬁcprf’ﬁgr&rga%:@ cc%% oungsidtel Qec g®

_ decorrposeq@a@sjy @|fl mnabewd )labsuéf lv\dleemﬂrythefhomogﬁfeleoﬂlﬁa'}‘f:@ Gé@@ly{sﬁe
cat al yst may _be deco sée% I\O(%a% preferable is 350 to 1,000C, . and even
more pref erEBIVESSs 466 54 960 B addition, while the duration of the

t hermed dg@argndsi tion treatnment nay- be set suitabl e accor di ng to the 20
amount’ of the raaqting fesi ol pklphrd9g aimiiesdcharistenabbeding

shorter than 1 organic co und. may, not lind,

suf fi ci entdoy.any beong]e)r tmahtll, BBOVHT nﬁg3§elflhéh8f Fegﬁgﬁcc ??E%gs N
separ at i Or}eﬁ%ﬁﬂ %35 ré@éﬁe@lﬁ@@r&bkecyslﬁngtthwmom@qm%%us afdSeven
nore preferable is 10 0,200 .25 m nutes. %t Q036];:the step (C) above is a

step of eI%ﬁW%ﬁw@qmﬁjedﬁ’s hE S e st by ddi ng, an al kal i ne

sol'ut{gn o[rooa;q]organl c sol vent-cont ai ni ng soI ution to the reaction residue

t hat has 30 been, e rat ﬁ?bg écﬂe SQl a(}ﬂﬂgqgllgo§@§§é@{a@me Biddeerd iome
species from al K B LETBn And o ganl ¢ sol vent cont ai ni gﬁ%%ﬁl ut i Lon nay

- be used, afothB) alalbaalwene ot ueion tavd FREYSF R 688! veht €2 Nty
SO'“t'O”'“%ﬁé%%é@@%?’éﬁ%%fﬁ%ﬁé déggggtlon step in the monosaccharlde

preparatlon method.

i5 [0022]
- (7) The method for preparlng a monosaccharlde accordlng

"to any of (1) to {6) above, ‘wherein hydrolysis is carrled out
at a reaction temperature of 100°C or hlgher in the hydroly31s
step.

20 [0023] o | |
(8) The method for preparingfa:monosaccharide according -

to any of (1} to (7) abeve, wherein the polysaccharide is a

polysaccharide obtained through a pretreatment step including

at least one among a desalting step, a delignification step and
25 a hemicellulose removal step. '

[0024] | |
(9) The method for preparing a monosaccharide according

to any of (1) to (8) above, whereijxthelnolecular'sieve]nembrane
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 fox‘preparing'alnonosaccharide according
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35As solutions to be used in the step of eluting the honbgeneous acid
catal yst, while either of an al kaline solution and an organic

sol vént -cont ai ni ng solution may be used, it is preferable to use an
organi-c sol vent-containing solution. If _

t heor gani csol vent - cont ai ni ngsol uti oni dused, separation can 5 be perforned
w thout the acid catal yst being neutralized. Wien the alkaline solution is
used, although the acid catal yst beconmes neutralized, the catal yst can be
separated with a high recovery ratio. [0038] 10Wen eluting the
honbgeneous cagi @ ogatal ¥st (9) tabios'reprxett@reatxh éhthatgdrhiec ardyme rofefotand on

used with respect tq ss% c : i reshgue.ds 10
to 10, 000 fds %ar’lq“ftlﬁgré%ﬁt?ﬂg ses(gptana Egg%gg%kgﬁg 11gat al ysét may
not be eluted2sufficiently. |f the solution is nore than 10, 000_ mass% 15
the catal yst Con?ff}ﬁ§ﬁ§83t988ﬁ§ﬁ§§§eﬁéEﬁﬁ ﬁon@@é@cﬁé@ﬁ@%&@&@bt&x@@

1, 000 mass% and'even nore ferable is 1 to 500, nass@b 00 For the
above d katpPmarwsof Utli) oo ( éoéo?lb,ﬁ‘f%rnw&f?réhé 1'61‘3 PHBABDC HPY

al kal i ne coupgupds s hnass st umnAydg oxi d@tl@@fé@scsnatt@ély@lrmp de, cal CI um
hydroxi de and_pagnesi um hydroxi de can be used. . Anpng these, sodium

hydr oxi de &4RB2¢aI ci um hydroxide are preferable. Mre preferable is sodium
hydr oxi de. 25[ 0040%) %eomganbd fmt peleparaﬂgcb mmnbheca:ba\re'd@r@@mr:ding

sol vent - co i ng}B$gl ;t‘%]loer}, n9lo Itdl% 2{%5:?{/ ?ﬁ&%%e%n o PINACET OREr

et hanol , t et rahydrof ur an,

nmet hyll0et hmemheaneehahezxgne _sahﬂonh@ fEkd, géehpao be used. Anobng these,
acet one, et[B i but anol and diethyl ether are preferable. Mre - -
preferablels acetone. [0041] , As long as it is an al kaline solu he

above al kal i ne s6l&} iPomefapdchnt &9pact CBMAIIIRRE T AEH % b2 ?/153
al kal i ne 3§reﬁ@%ﬂt@geﬁéo%h§é1&%h9iaIy@ﬁncs@nﬁfaztrnm@stsamae;to\nat ehe path
organi c- solvent nay be cited : ganl c sol venti: e r’rg&tl%)(g%lleg 1%)ove
and the |ikBe AgFDBE GBE1Sfve %r@ P ¢ ol FEF"A &h’tgal {hg 80T ET on al so,
as |ong ascgt;agygtal BS t he= of gani eg sohmmgenmyscommﬂMermembrane

consti tuent Spa@gtloneereatment using a molecular sieve membrane, and the

molecular sieve membrane is a molecular sieve membrane using

an organic polymer membrane, and a pure water permeatlon rate

of the organic polymer membrane is 1 g/m:m/m or greater at 25°C
20 and 0.1 MPa.

[0029] | o 7

(14) The method for separating a homogeneous acid

catalystraccerding to (13) above, wherein the organic polymer

membrane is a nano-filtration membrane or an ultrafiltration
25 membrane.

[0030]
(15) The method for separating a homogeneous acid

catalyst according te (13) or (14) above, wherein the organic
polymernembranejeeapolymernembranehavingaacétion-exchange
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
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5 constituent, water may be cited. In the alkaline solution, the content
of al kaline compound is preferably 0.01 to 10 mass% andnore preferably 0.1
to 5 mass% when the entirety of the alkaline solution is 100 mass% 10In

t he organi ¢ solvent-containing solution, the content of organic solvent is
preferably 10 to 100 mass% and nore 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 honpgeneous acid catalyst will be.
described. Menbrane separation in the present invention is for separating

Separ at ?L%ﬁ%ﬁ;ﬁ‘%‘r’? D R e o0r . opal At o o o)
nbr ane
Separ ati on %%ﬁﬁ?éﬁ€§“€&ht@e9ﬂQﬁéﬁﬁq EQHQEESFé?%béggarq%Iggﬁ%ﬁ%&%éﬁgas'
E;;gglplefﬁéhgrfgﬁa%§gﬂ 3@§aﬁmt£??c$ﬁe§|éfteu|ﬁhe|h§dﬂmimaﬂse i nto:those
. on e nol ecul ar_wej d
B ot ramabhir | BEESSRe i JonRpPasE o g elel preanars 1

lonicity, those ropho Icity differénces, and 25
the |ilee. ﬂheem@p@mataonkﬂenbsade2®®@dprﬁp@héﬂ%réééﬁPS?mvéﬁﬁﬁﬁh 8 Based

on the ”D|§éﬁ%§§ %ﬁ%#Hg ec%%%ﬁcf§om§PB§6§£éQ@nﬂﬁﬁ@éawﬁgﬂﬁﬁﬁﬂiuybse

nmol ecul ar es IS in other words a nol ecul v nb
t he separ a@ﬁl@rqewm@reaﬁé Rrgé%ﬁﬁﬁh Tliee BPé%ﬁP%fﬁ\?&n‘P%ﬂs?Egﬁ 8% O&L?Q?

:'ee\érea{fg”%%}ﬁasﬁdﬁoo ARG Alf iSisaV e prefieabfehss asypot ous prEintrEnd rand
P > Corrpl?gi[‘l m?a?ecrcoggeg mér?ttabgestlzaztgrfef thq: R reﬁi { herm??r{aterlal '
10 Dbiomass, and saccharlflcatlon (hydrolys:Ls) is carrled out by
adding a homogeneous acid catalyst. From the saccharification
solution obtained in this way contalnlng monosaccharides and -
homogeneous acid catalyst homogeneous acid catalyst 1is ‘
separated monosaccharldes, ‘which are the products, are
15 obtalned and at the same time, recovery of the homogeneous.arnd
catalyst 1s carried out. As a method  for separating the
homegeﬁeous acid catalyst, ther_e is the method of carrying out
‘membrane separation treatment using a molecular sieve membrane
_ on the - SaCChaI‘lflcathI’l solution cont'aiﬂing  the
20 monosaccharides and the homogeneous acid catalyst. In
addition, there is the méthod of treating the saccharification
solution containing the monos‘ac_éharides and the homogeneous
acid cet'alyst by solid-liquid separation to separate the
reaction residue and the reaction solution, and performing
25 organic compound thermal decomposition treatment on the
reaction residue, or, the method of performing a homogeneocus
acid catalyst elution treatment using an-alkaline sclution or
an organic solvent-containing solution on the reaction residue.
When carrying out 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
'soi'ution separated from reactiocn residue. ' '
Tn addition, membrane separation treatment may be carried

35 out using a molecular sieve membrane on the saccharification

15



[0043] As paraneters representing the properties of a nolecul ar sieve
menbrane, nol ecul ar wei ght cut-off and pore dianmeter may 35 be cited. The
nol ecul ar wei ght cut-off represents the | owest nolecular weight that the
separation nmenbrane can reject. In the present invention, the nol ecul ar
wei ght of a nol ecule of which 90%is rejected by the separati on nmenbrane
defined as the nol ecul ar weight cut-off. In addition, in the present 5

i nvention, nolecular weight cut-off of the separation menbrane is 500, 000
or less fromthe aspect of separation efficiency. Mre preferable is

300, 000 o §33onCkBALHRhE B! eher abhesaechA®if08 andl ers andogenangse of
200 to 105,& O is nost preférable. As the por | ameter 4 EOEE sSEpaLation
nenbr ane, a&ddaviEtedestr0 @?@1cFﬁaf}5ode§ﬁ§ﬁ§fe e?%apregera ﬁeh 8.%5 to
500 nanonehteL$mestRee LRy phefaked andhe. ¢btaided swEnvrsrersntsiayea nore
preferable, [0044] As species qf, th | a Leve ggﬂgyégg% 15

D 7 of Tt ARl oroaeES g RS s FRHDrGne, ALESIiITrAtian Menbrane.

[ ever s®- osonSisachbabidae Moy be TonerEngEs eramty uFetatyVetr afllhiRBnbr ane

and nano-filtration rﬁgqpr ne,andpast npr efsenakkynnang- fi Ahr abirganic
menbr ane. tﬁ&@ﬁﬁ%ngOAs r_rat?gri%?s gqr thg rmlsecul lr Si eve n%nbr ane, .qr gani c
menbr ane $odweh tasoohrboARGeAB-Ake OV BYENRT é%%#%%‘l‘ﬁ 198% &% EPRGIR6ER

acetate, niraeellulose, polyvinylidenefluoride, polytetrafluoroethylene,
pol ysul f one, pol yet her sul faone, pol rylonitrile,. polyyinyl lL.arij.de,
aran de, polyinpaéfﬂﬁﬁmﬁﬁﬁ%ﬁPEOBSFggﬁi e}nﬁyﬁﬁgﬁﬁ?ﬁf?ééogéffgﬁf g%g

pol yegd er frpgl ypebhykenesoxhde:n [del yiicyll.al cohol, pol yethyl ene, -

pol yvi nyl acet at e, pol_yam aci d, 1, i L,00=exXchargegr oup

i ntroduced; and : nes “such as zeolite, "alumna, silica,
silicalitef atitesonconeahmyr e 3prepaedtiPheftatias aPé tHy3e RECER i gh
stabi ity .against acidy ﬁga&egggiBng§y£§%,{gﬁéﬁﬂ%ﬂﬂéﬂhyaﬁdxyhime%&b®ne,
regenerateg'celﬁuPoge menbr ane, cell ul ose acetate nenbrane, . ol.i%%fone
- menbr ane, ofof§me hat iREIMosS AR EHRES &EMIFQ}%%EP&JSMP% cse
hydrOPEP! ! g%:%‘ﬂ:%%lt)f@%deofm”@E@_%ao-l%,%?idd}@ﬁmm;anehiaﬁ e naavgriionane .
and silica nenbrane. Among these, organic neg@ggnggsmﬁ&Hiﬁﬁr%&%ukgkgy
hi gh st abisiteEf1rguds teg net it et C el PUPBRE RN aRE, “CalTulfdse acet at e
menbr ane, pokysks,,0RRdATRMe dnitke paotiykt hey drddmitedenBibareafdegmatite
pol yam de nenbrane, hydr.o hiIizdg"o_ "?gd RLeRgq BRdrhheseudth a 5
cation-ex@ﬁ@ﬁ&&nﬁPB&pafﬂffdﬂ% %f,sgréggre e%%%le. F00461 " As shapes
of the nolieseharnosi end lrbebcdmssritgse- shape, bag- shape, hal | ow N
fiber-éhag®©3alat menbr ane- shape, spiral-shape, and the like, nmay be
cited?pr eragle is 10 tube-hape, flat nenbrane-shage, hgk]ow sent
fiber-shape,_sth&IH@M&@ﬁ¢@%ﬁ¥%Qﬁwﬁ€ﬁQ&ﬁ%¢%%né%??%?-sﬁgp PeAP T HiCkness
of the nenbrane:c k0 MIYriass is phetevcabkes lsmapor diesshydrainrzaing
preferabl %o%@%a%'c%arp?d%rs lugils’xgl g hes/ir?gggr?erc?uéoraecfi rggs:glyst 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 asrthese steps are included.
While'the'homogeneous acid catalyst separation step after
hydrolysis includes at least one selected frqm the group
30 consisting of (A) a step of separating the homogeneous acid
catalyst by performiﬁg 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 hcmogeneous acid

35 catalyst by performing organic compound thermal decomposition

ie



[0047] 15As the nol ecul ar sieve nmenbrane, concretely, the follow ng may be
cited.Utrafiltration nmenbranes manufactured by Pall Corporation: Orega
series, Al pha series; ultrafiltration nenbranes manufactured by Asahi
Kasei Chem cals Corporation: Mcroza AP series, Mcroza SP series, 20

M croza AV series, Mcroza SWseries and Mcroza KCV seri es;
ultrafiltration rrenbranes manuf actured by Nitto Denko Corporatl on:

NTU-, 2120 and R550; nano-filtration nmenbranes manufactured by Nitto Denko
Cor poration: NTR- 7250, NTR-7259, NTR-7410 and NTR-7450; reverse-osnosis
menbr anes Jadactur g4 %ﬁebmy&mu@s@gnh@aﬁwm antésairduet\l'l'ﬂeﬁ@rahﬁ’@- 59,

ES- 40, ES-20,, ES-15,, ES-10, S90 nd_LF; 10; jltrat )aRes
manuf act ured - MIY$PsiPEEHS ta%&ﬁr F%na&al%i r%aénesr ar#d %Idtﬂ%gglllg
menbr ane; dddg affl bepathodngener hoesgeaachactaicedabyl DaFdeh performing

Menbr ane- Systens Lt d. D e L8 a%pamallanlés
seri es, R SEHT eas(:lgﬁ g%%@&}@%?%nggﬁgn?ﬁ a?l on membranes |
nmanuf aotursezdtlhylcml cenaMenbganec Sysiepstrean taNABIR Wgﬁélaﬂd RERDIFR*NP030;

reverse-o d%]ﬁ;?fg)r apes-fesuf agt gy gde by sBahegneliEnbryanecysit-arigulitd.
ano-

NADI R SW at1 on nenbranes, 35, manuf act.ured by, Tor. I es,
Inc.: SD swepnasatier\adites 5?%%1’%3?%%%%@“% r#f‘fQéYu%lsdo bl;%y o“p:‘geu%rOI

I ndust ri €Sr | R6re: o3V @@ég@s ﬁULowemestcanmcsceseel bBemogeneafi| tarcatd on
menbr anes manuf act ur ed: ter and Tec rd-es
menbr ane, Rty Bé\é es me rang: Eg%n%fo%?]ffgﬁon
membr apes ﬁmﬂlﬁxa@ztdﬂeeffrbm @E) vmem)am:epn@@éy@leqiecm%@%ferqﬁéﬁm}s
seri es; comres mg 2%\)21 &nagg)jr anes manufactured by NGK Insulators, Ltd.
. and nano=9 i 137 RtTBn Menbianes manufactured by Koch Menbrane Systems :
MPT series[@&mBIMPS series. 10[ 0048] Anong the above nol ecul ar sieve

menbr anes, pref%ﬁg ga(SEIHRS (CM §H07Z8 AV serlmpazh&mma:.‘r@N
series, RS50 %%&Q{GN%%ZSE F !

; NIR- 7410, NTR; 7450, B LgE& ane
. NADI R Urharegdencopdl R Upradalived e B bEdrQbyies * ?\‘B&g}ﬁ serles
NADI RV sgki@s, Mg)l RpARA10 seNABERNPORY, ﬁu]sm—lle&ul@ seﬂramasréﬁfémj’rrane P

seri eS menbrane, ri es menbrane, A e e anm ¢
menbr anes Wa%%ﬂﬁlég L%t an eg e%a%ﬁéia%emeﬁ4%%§§ﬁ%g7ﬁg

NADI R NPO1he NARIDR It\l@o)aamd G:Seml"@s:amrbharﬁetemEBAlp@é’rq 68T MBS ING and
ceram c 20 _ne ranes rraorlllusf ag&y&e%ﬁyal% apdmevais nﬁbﬁo ga‘ggﬁablgﬁ;me

NTR- 7410, MR A5 IESEN 5 nenbr ane, SAL series an serjes. [0049]
In the prasm&lysl‘vecnonb@lnan%cﬁﬁig{%’éﬁbs sediigi~da l?s?eﬁgr?ﬁg?s t3'%h acid
cat al yst té‘?éehgsé?? GEeS AN ) s,&pil@sm@ @oIﬂ&C]ticpmdsoie;pamtlon
honogeneous

honbgeneous_aci d cat i
pr ef er abl eSW@rhSnyﬁFoarWﬁSée&E%P\]n?EFR/F alb%F‘r?POS 52%8:%]{%%%%?%%% on,

when the agheh&atdd ¥sle peedbasolmeshi omatier 1atpmfﬂrﬂiéfrﬁt a2t FORTHfOBL

mass% an aqueous ,30_.sol ytion pH |s ref b I : referably
3 or (I)ower %néoz\}éln LGP 9 S @rrgtiﬁ LBééjll %%{AeréraF Qw]e indRIRPT &

recovery ratios for the monosaccharldes 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, cankmaused,withru:particularlimitation. 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
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The nol ecul ar wei ght of the acid catalyst is 200 or greater.This is due to
t he nol ecul ar wei ght of the 35 nonosaccharide, which is the product, being
on the order of 150 to 200. As the nol ecul ar weight range, 200 to 500, 000
is preferable, 300 to 300,000 is nore preferable and 300 to 100,000 is
even nore preferable. In addition, a difference between the nol ecul ar

wei ght of the acid catalyst and the nol ecul ar wei ght cut-off of the

nol ecul ar sieve nenbrane of 100 or greater is preferable, 1,000 or greater
is nore preferable and 3,000 or greater is even nore preferable.

The presen&afﬂ?/ﬁ% iR éél%SPléuﬂ@r%ﬁEhﬂidrdBypifﬁﬂﬂfaailmOm‘ethedl-ﬂ}sa ng a
honbgeneous a C

at al yst havi ng ecul ar_wei gh reat er
as the hornbyeREBLSTaRI - catTalll?sta ﬁcﬁloaloggf:aﬁ E:tla Pl ows Hp%lhrﬁnega
‘catal yst sgpaiad it reabe ignr Eeeﬁ.fiUEI embancdacmcz@rr@m a.:al the 0089 T 4P ache
present invention .the size-r.el at S fior | @& w%bgh; of
b ¥agRigg Caf&ﬁf 100 1%ld off NBoos AL BLH 3 e

t he honog % he' Fofecul ar wel ght cut-off of

separ abi omm@zﬂéﬁﬁm and -t he m)nosaccharl de nol ecul ar weight is: m)l ecul ar
wei ght of atal yst > nol ecul ar wei ght cut-off of separation menbr ane
> nol ecul a ht of nonosaccharide . In addition, when a s ute 20 ot her
t han homgeneo&r@aﬂld: @amaw@fisl%l%ﬁ?éi%diacﬁﬂpﬁéeﬂ G

catal yst- ralaa93§olaﬁd QRe Bl]@é efrer ebh€a shaeined tat n:easbupnnsesmmcm ar

wei ght of nogeneous acij st > ol ecul ary u
separatloﬁ“ﬁﬁh%ﬁahétﬁpnéﬁécdﬁa a&ﬁ?ﬁﬁn%ﬁu?xﬁcﬁ #%T& ?h%% %%ﬁ%%gﬁg%us
aci d egt a'lwitper%%fﬂiel Fefthranel slerargosdrt los peedionemtd ofi thesweganic
conditions, the catal yst stays on the feed solution side (concentrate

si de) vuttﬁﬁﬂpﬁﬁﬁ ating the nenbrane, and the solute other than the
honogeneous aci ditcatsalpystfarablsetzat vehe perpem e i e Heibrand e WAt ng on
the perneate side...The ataI ongt pat e hg§1ﬂﬁnﬂgboP@ dily
dlluted\Mé?]%ﬂ%ﬁﬁ%&ﬁﬁnsuc tﬁ%%ﬁa ﬂﬁ%ﬁg@ﬁ%ﬁﬁ)g rgggﬁgre gh; f
Concentraﬂﬂvhsorgan@ﬁeﬁ@ﬁpéunﬁfH@@hc%ﬂ?rgﬁl COFPPRE é?aiy%{amﬁ ate

necessarys; l# }B@Jﬁfonc tﬁ%ﬁgra%hla% b;y JTRITO! aRBes epadlisen may tihe | ow
the et

© energy.

od o recovering n i on ange reS|n he 35
met hod of d%@@m@@ﬁ@ WWeaﬁrieéﬁré@ﬁaﬁée ﬁ@nﬁ?éﬂemg g rFor I% é
there is tﬁ@ejpéf)g)g,fénigago@u&cﬁ ugdge@ci d | s recovered diluted, reqw r| ng
consi derabl e ene fcg)%lore cong tipg.o dg;_.r furic gei dth@r Hh&hma 1
fhed i e

recovery ratio i red. rane separation nethod of
t he preserrﬁemmlbmntﬁueeﬁmt tlsafarlle tRt Sﬂ%a@aﬁaﬁ9§9réaﬁgb50 ver ed

at hi 9@ coneantf atd e%%%ctt%h ££\§1&§eovleus faiooommuaéms@gafewma] In

addi ti as concentration of the acid cata st at ﬁ%)dml YSI S;
the upper If nﬁhov‘aﬁaethﬁnrra‘s@ﬁ?‘bib%rt?%ﬁ P@f BPERERBREGEN 865 X

cat al yst a@plﬁ(\ﬁtlgfec@@@gﬁci@n{mgz reat:tLOﬂgsystEanm(Bp@@jOcmilaﬂl’yss, Vxheer)

and it is preferable to rry out ther action at_an a C
concentrat?%ﬁl?%%‘tlchoﬁG%@r %Hﬁﬁaﬁ]r decre%esre%ed ﬁgge %g%g%\gl?he

total anouni ef cwaben phesess, llaridleev&mcmwm} pystambliaciudihgte 200

25 minutes.

[0036]
The step (C) above is a step of eluting the homogeneous

acid catalyst by adding, an alkaline solution or an organic
solﬁent—containing:solution to the reaction residue that has
30 Dbeen separated by the solid-liquid separation. ‘Either omne
species from alkaline solution and organic solvent-containing
solution may be used, or the alkaline solution and the organic
solvent-containing solution may be mixed and used.

[0037]
35 ~ As solutions to be used in the step of eluting the
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15 everything such as noisture contained in the raw materi al sand added

wat er. While the anount of noisture can be nodified by adding or renoving
water, here, it is defined as the amobunt of noisture at the begi nning of
the reaction. [0053] 20The upper limt value of the nass proportion of the
catal yst and water is nore preferably 30:70 and even nore preferably
20:80. As the lower limt value, 0.1:99.9 is preferable, 0.5:99.5 is nore
preferable and 1:99 is even nore preferable. Note that an acid catal yst
concentration of 50:50 25 in mass proportion becones 50% when represented

- in mass% o4 &&%@é%@&d@éf@ﬂywﬂ wHil 8SSi T 88 Hiryaskat ene sthatiiose, %

represents mass% |[0054] The present iLnventi a ri de 30
prepar at i o%nfﬁr@tqﬁo@ég"ﬁﬁl\ﬁhFEWFHE ‘éﬁ’a{?%l%’ﬁ?l%oﬁe%lho hl%& glers@%gécg%q?égld out

with the nass:sFopos tionsef at rmsgmnmgenéwstacpdteanangssolan@%{ el
present in the reactio S stem in Jusge%gé 50: 50n BY
carryi ng ott® RyEFBIGS COsnutc lnr(;igl di ??‘g%%gn i I’Zag?l on and

cat al yst rl@@petrn‘fngmealmiiﬂwmethﬁr@lei ﬁﬁéﬁéhﬁt%nge%%‘hﬁﬁjc%e 1 n 568 tion,

setting th r id _catal angh yeé@esh | phéhaciangateflyet 1 :
99. 9 to 5%%08?%”‘{?%&8%%%%&@& 3553 %ﬁ%r atio 1?ﬁld re%z ngﬁh[ 09155 50ne

of the merbesomss mmﬁr@dé?@ébaiﬁﬁ?ﬂ%ﬁﬁ%ﬁ%&?% o A cover ed
at a rel atjyely=h ghycancentration; however, in exam nation by the present
inventors, it was found that due to problems such as |iquid vi sc05|ty,
menbrane fB0#3%h and corrosion, concentrating the acid catal yst .
concenty ati on 10,05@1 aehughn@on’cleeﬂt l?mno@rerxefOUSO%@ldgrO@é:taélysl‘}'y nefbrddghe

paration wa ntia ext I ths 100
concentrat%ﬂeé?ﬁ%f‘?% JEierTe"’f Jdl or “th %i%%cﬁgggeg%i%?er%%p%%gumnt 4 and
the like, mﬁskﬁt(lsellfrdlmamﬂn’ar icder grepremrieshdietiod 0410 tRelpP &t -

~invention, g3t %%tlu“t‘l’&%e%rfééé”’ct?én 1p sassharidd Qﬁ'ﬁtlagﬁ}’sltsmlagwhoﬁ hes, the
burden on catelﬂ recycling also low. Th at is to 13%‘?{‘1 ﬁas t he
I C|

merits thaelat%cﬁraluﬁfamamtlaf cé?&ﬁ];?«s‘iojtlbtlr%&él“@ﬁe L 9% e time
requi nhed fof mggfgwsgep%ﬁgéﬁﬂraﬁlgﬁor tHecagdsaor ree‘srsmlehy as nefbreane

deterloratlon and fouling decre I n a,ddltlon ts & hat
the cat al yR¥eEerrleht rhtith 1 2@% {7ESC4t gflys?v%%ﬁ é%@agn%rb%%ne

separ ati onjgan-desc@-msesds i nmedi ately, as-is.” Wth the concentr at ed

sulfuric amgsgft hod whi ch re-uses with a concentration of 50% or greater
or the net Pat ent Docunent "4 and the |i ke, a_dehydration step such
as 25 by di stil | Bbt drhe sbneee@lslﬁr%tln%ﬁ@rl@ééoﬂhea FORGSACENAF i HE Bf‘eﬁ%ﬁ? ation

met ho e venti S ﬁl@&@%&@hlds/ bed uinr ey Stishi de St ep,
method pf LheessalLo “eALh9A 1908 dtlones Ly seaqui ley%%m T nods

t hat carryPQWSSJa@@IﬁlaMIfQ@a%@Iroﬁaé?lﬁl%\}\}yéjé:toéﬂ]fseta ﬁ‘é‘gﬁ@ﬁ&ﬁ“ aso1n
dilute 30 shlfyd cuasid metdeh aﬂﬂeéle$pczﬁceimﬁn thedrasidlysanddi ¢ateiui d

met hod) have the problemthat reacti on selectivj fhi's eto
the sel ecthW%?Xb‘fleth@r‘éat BF?gﬁrﬁgﬁﬁg IO\;C\}Vj réen 3%%/%%15? J{(;e\!vcatgl Sééll%

di sposabl ehygﬁoﬁi(a@ be a cause. That is to say, there is the probl em t hat,
in orde er the catalyst 35 disposable, the choices of catalyst
& aniohEdf

Speci conditions . .
As organic solvents wused in the above organlc

solvent-containing solution, one or two or more species from
acetone, ethanol, butanol, propanol, methanol, diethyl ether,
tetrahydrofuran,n@thylethylketone,hexane,andthelike,can
30 Dbe used. Among these, acetone, ethanol, butancl and .diethyl

ether are preferable. More preferable is acetone.

[0041]
. BAs long as it is an alkaline solution, the above alkaline

solutionmaycmntainothercmnstituentsthantheabovealkaline

35 compound. As other constituents, for instance, water and
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are limted. The present inventors discovered that even in dilute acid

nmet hod conditions, introducing catalyst recycling allows the choices of
catalysts to be w dened, realizing high reaction selectivity. That is to
say, the present invention is -a process that . .introduces a

hi gh- performance saccharification catalyst and an efficient catalyst
recycling nmethod, at relatively | ow catal yst concentration. Since an
excellent reaction selectivity is realized and.the burden of catal yst
recycling is low, the nethod of the present invention 10 is a breakthrough

that can realize high eqonony. 1E0Q5Gkd. = As dAsyLoncresBvesmppunissef the
acid catalysts, organic conpounds having a sulfonigta id g@gu + gﬁggnic
conpounds Meatieged cieey| #edatle diébp, T3l i Wt lch henepot yaci ds
15 and hetsgnopakyachesimangbectitedn pleberabl yomy ganiic compedndsthavi ng a

sul fonic aci d- group, and, heter Opo] yaci Whi Lgh agLd_ steengt h.
That is t@rgéﬁ}ci§Q¥¥66Féfé?%%lé§?%%.ntﬁgh%%ﬂgggﬁggﬁgegégd c%%aﬁggégofthe

present i r¢eRtioncn@nt #aneramagr dpanicd tednpound having a sul fonic acid

group, and/or, 3 20, het eropglyyaci . Therg, ang Adugntages suichiasltihe
sul foni ¢ -aci d- cofit ai hf n§ “conpounds are available jn a variety Erﬁnhecular
i“ght :

wei ght's, awndpbhat Bs petedieopsl Wa8i- 8 1hed IRoAdYEh 88T AbE &Af That

s to sayydlb hssQBe.RLA! ehbednebody el i laneseall dtteentson00hat
t he honbgeneous acid 25 catal yst contains an organi ¢c conpound having a

sul foni ¢ #@@isé3group, and/or, a heteropol yacid. [0057] The organic conpound
~havingya sul fonirg agé & QouE: seflefes t-ecant adngagi sototpoundHmeongeat | east

one sul fonic acid group 30 within the. cyle... h ene
sul fonic & @F , @@u‘f?‘?ﬁi &Sag?zﬁgef%éﬁnﬂgultﬁgﬁ{tﬁd :‘{é% %ngﬁf&hgeﬁi&ke may
be cited; pregecampound ray $aveasst enem pherantiyeby il FBAi ergerdc

-groups, and:in %gdition Eﬂf quid By ohaue ssebsti tuent group ot her
i n

than sul f §9¢CR 3O§F8&BF Sag'ltlon, pol ymers obt ai ned 35 when sul fonic

~acid grougfédatai ni ng nonomers such.as vinyl sulfonic acid, styrene o
'SU|f°f$C aci d, ﬁ%&%omﬁﬁbee§9U@ apdvaldnd exy Hydgenecopanesakbagise acid

~are polymerized of ¢opolynerized with nononers such as acrylic acid and
mal ei ¢ acidlAapealdsBdbEi%-ed. O, polymers obtained by sul fonation of
pol'yners such agcRghk¥sby s rool yet byl ehe, elsepropyenet o is  for

separating the catalyst and anosaccharides{_which are the

products, using a separation material having a membrane shape

20 {separation membrane) . Separationn@mbranescaﬂbecﬂaﬁsified

according to the separation principles thereof, for instance,

classification is possible into those baSed on the molecular

‘weiéht differences, those based on differences in ionicity,

thoseabased<n1hydrophilicity—hydrophobicity<differences, and

25 "the like. Theseparationn@mbraneusadinthepresentinvention.

is based on the molecular weight differences. Separation

membrane based onmolecular weight differences is in other words

amolecular sieve membrane, the separatiorlmembrane'usedjjlthe

present invention is thus a molecular sieve membrane. A

30 molecular sieve membrane is a porous membrane and separates
compounds according to the size of the pores thereof.

[0043]
| As parametérs represeﬁting the properties of a molecular
sieve membrane, molecular weight cut-off and pore diameter may

35 be cited. The molecular weight cut-off represents the lowest

20



pol yvi nyl al cohol may al so be cited. Anong these, lignin sulfonic acid and
various sul fonic acid group-containing polynersarepreferable, and nore
preferably, various sulfonic acid group-containing polymers. Preferred

sul fonic acid 10 group-containing polynmers include polyners obtai ned by
pol ymeri zing vinyl sulfonic acid and styrene sulfonic acid, and polyners
obt ai ned by copol yneri zing vinyl sulfonic acid and styrene sulfonic acid
with acrylic acid and/or naleic acid. The organi ¢ conpound having a

sul fonic acid group may be 15 used alone or may be used by conbining two

or nore spec es 005 8] F AP H NG ES cRAos®hettNgSii C
aci.ds such™@ Lilge i JTg&/pe pﬁosﬁﬁot%%ﬁ%%& d ( 3 mi:2040 poe

Dawson- typm@rmﬂﬂmwagmamla;mrd W%PQW?SG@Q}T ngLngO?:EIF@SI?%]Ce%‘gJI%é)fSUCh
as 20 Keggwﬁ'lém%ﬁi Coﬁtel&geﬁb Ev}?é@e B4 StV 304 b r Do aleffigeid es adieds

~~such as Keggin-t tungstic acid (H513 4, phosphono aci d,
si | i conpl yieliec lﬁ W}?H@@ﬁhocv%agg t ungst |a\c§c§gﬁ]tf;ﬂ 'si 1 copganﬁdpdslt ﬁlngstl c
aci dI @,hgsgb‘geﬂ@{@}@d ZEmEQlebhdla& asight s:dtl—cxffvha:ﬁftdtm sapgsata;oacm;nbrane
met al - substitute etero ng
these, froh$ tHP g Ont°Io1EL §% E:Cg?a?g dether éé{ﬁt? rfBIGE C2fSlhe D

VYT C activity 1n various reacti ons,
phosphot ungsté Cp:.aé:féiralslé |1:$)t31®|@,s®@(3: @ci b S horafangaie REsErable is

phosphonol and_s lLybebeoacd do@r@oprﬁg fbaklgreferable.
Phosphotun%@?‘i @0(2 GhHa® s ‘Jf\g:%t 5 st?c acid are nore 30 preferable, and

phosphot unigstiitee qmimk |d&aa\ﬁéir¢m@rfe FePEPaBREiON MEMDIARE o (o 17 G2 gLeffey can
have ggsald @'f LUCT UR B0 ik Mt he Ao Flcswik@ﬁe@éblée Pres enssbasndeameters
y

substituted catf oni c speci es. hi s %i f or %pe c%ggo éh%f d e
for instante nevei DReLFEYALST uAlda ndORESRE Tay" be it ed wlth

no 35 particitarahidn tation. The heteropol yacids and salts
thereof may be used alone or may be used by combining two or nore species.
[ 0059] The Q)Qde%]ent inventors discovered that, in the hydrolysis reaction
- of pol ysacchari des atspadiew cabdl ys‘d;he:oncféﬁtercalthaéfn 0f18U% orMeBREFE

| heterqul %%gfgf Q@%éﬁ%ﬁ%ﬁﬁ?&ﬂé'%ﬂ]h&sﬁ%gﬁembrane, nano-filtration
membrane, reverse—-oSmosis membrane may be cited, preferably
ultrafiltration membrane and nano- ~filtration membrane, and
most preferably nano-filtration membrane.

, [0045] _

20 : As materials for the molecular sieve membrane, organic
mémbranes éuch as carbon membrane, regenerated cellulose,
celiulose acetate, nitrocellulosé,'polyvinylidenefluoride,
polytetrafluoroethylene, polysulfone, polyether sulfone,
polyacrylonitrile, polyvinyl chloride, aramide, polyimide,

25 aromatic  polyamide, hydrophilized polyamide, polyester,
polyethylene oxide, polyvinyl alcohol, polyethylene,
polyvinylacetate, polyamino acid, and, these with a
cation—exchangegroupintroduced;andinorganicn@mbranessuch
as zeolite, alumina, silica, silicalite, and silicone may be

30 citéd. 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,hydrophiiizajpolyamidenembrane,zeolitenembrane,

35 alumina membrane and silica membrane. Among these, organic
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sel ectivity conpared to other catalysts such as sulfuric acid. In
particul ar, phosphotungstic acid was found to denpnstrate high
selectivity. In addition, it was found that by conbining 10 a
~saccharification reaction at |ow catalyst concentration and the three
cat al yst separation nethods described in the present invention, the
process becomes realistic even when expensive catal ysts such ae
gggeg?polya0|ds are used. That is to say, by using a catalyst solutio
0

separation being all e‘éb?aa% q1 H‘Vhes |tg%r1§§§§r %Hﬁgs%ég%%%ﬂa%ed

cat al yst RS ol ¥
or may be wsElhbyse manhtanag caeldluﬂr@at%ﬁeﬁartea@tﬁ

20 structure.in which
Cation sudicmarancy %Xg%’h%rons&’if f‘ﬁ HeRf2n$ chasa et seibgloltyurddichy a

| ower, inportant nerits 15 are obtained, of the burden in cata

acrd cat r%fts may be used al

TGRS i PP Hd P& G

gnesi um an

006
t he pol ysacotiarines hmmlérléetdh@owaﬁmglﬁy &tf}%glaﬁgfew%f%o‘lfﬁs&w q
mnosagchaéé%f oreve PEEPR At d Qi dretRoch afcddie e paniferabdrt.i on,

nonosacchari

whi ch are” the products, pretreatnment of the

pol ysacchat@@E&] which are the raw materials, the hydrolysis step of
generating nmonosasdiddes f tam mollysad:alaamel‘ee memrartty 1Huke—skigne he

descri bed. 30As ol ysaqkmk;@]l des J):J%e& I%%LF%’I NMONOSAC Chafd A6 0 LR A ,0

met hod of %

%'nt

tf on," 17 gnoce ose, cellulose; and

" heni cel | ulgsﬂsajswﬂmlae, xghan, thar abiban, AwniEn aheeGal aBL&heTERILE] is
i@e njh ar Osﬁagfgl gi niyG,,acl Qlemﬁ;%rah%g%%&%@ P GbULER, amiherstdtage and

chito
the |

20

25

30

35

spiral-shape. More preferable is spiral-shape. As thickness
of the membrane, 10 mm or less is preferable, 1 mm or less is
more preferablée and 0.1 mm or less is eveﬁ more preferable.
[0047] | o '

As the molecular sieve' membrane, concreteiy, the

following may be cited. Ultrafiltratien, membranes

;manufactured.by Pall Corporation: Omega series, Alpha series;

ultrafiltration membranes manufactured by Asahi Kasel

Chemicals Corporatlon Microza AP series, Microza SP series,

Microza AV series, Microza SW series and Microza KCV series;

ultrafiltration membranes manufactured by Nittc Denko
Corporation: NTU-=2120 and RS550; nano- filtration membranes

lmanufactured by Nitto Denko Corporation: NTR- 7250, NTR-7258%,

NTR-7410 and NTR-7450; reverse- osmosis membranes manufactured
by Nitto Denko Corporatlon.-NTR 70, NTR-759, ES-40, ES- 20,

ES-15, ES-10, LES90 and LF-10; ultrafiltration membranes
manufactured by Millipore Corporation: Biomax membrane and
Ultracellnmmbrane;ultrafiltrationnmmbranesnmnufacturedkw
Daicen Membrane-Systems Ltd.: NADIR UH series, NADIR UP series,
NADIR US series, NADIR UC series and NADIR UV series;

nano-filtration membranes manufactured by Daicen
Membrane-Systems Ltd.: NADIR NPO10 and NADIR NPO30;
reverse-osmosis membranes manufactured by Daicen

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

manufactured by Toray Industries, 1Inc.: SU series;

22
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35 Lignocel lul ose, cellulose, hem cellul oses are preferable and

| i gnocel | ul ose, cellulose are nore preferable. Lignocellulose refers to

cellul ose substance and hemicel | ul ose substance containing |ignin, which

is a biomass that is present in large quantities in plants. 5[ 0061]

As origins of the polysaccharides, biomass derived fromplants such as

needl e-| eaved trees, broad-|eaved trees, herbaceous plants, pal ns, algae

and seaweeds and microorganisns is preferable. Concretely, biomasses such

as waste wood or old 10 paper. derived fron1need|e | eaved trees and

broad-1 eaved trees ar ca bagasse )

rice straw Vet~ %?I?%ﬁ%s sTWr&%Jh%rl’ n,lanu JV'e&%tru d}a(fga@e%é@%\r%sts :

fruit bunch@@..ksmneérpeessSUakepxl@BgaéKXdﬁlISQ%NQ%; q%ﬁﬁ%ﬁ%ﬂqﬁﬂﬁéﬁﬂéolld

cont ent o) Alhpgesin (erll el iy dintbace EH!&aPré@éééj AR IGALRIS): ar e
n

preferable- ?%ﬂe era e are | eaves, S fruit bu ches and
‘kernel pr e@ss@ai@s @fenpkaiamrs@cﬁeaf§-etﬁ Imeﬁ@lrﬁf‘leaﬁﬂ C%Wls%ﬁtef%

intracel | u,_lﬁ fii@r%r?%%xb‘%far@sgﬁsnuaadtay@@ DYOCE Wt@‘xeaaﬁl}}afca:raﬁsenpt y
fruit bunches ,

and cell walls and intr.acel Lul ts of
al gae. SlﬁE%C@%P%Q&&®S¥rﬁﬁﬁAQUnEﬁﬁéeﬁf FEﬂWH?%%%#%ISC&g% iargeé%1
quant i ti espztheyc@ieed epgi hravensabieorandLabgae ahalvelatrtre-ﬁﬁe]rﬁlta’foﬁome| ng

deconposed readll as t S dmy be
pr et r eat ed"ERP PF?IES%t nggggﬁf%§m$#§@§%gngeh§é ngghgg§eactlon
25[ 0062] MmPS seiiess preferable that salts, lighin or henlcellulose
presegg in @@{ gam/naterial pol ysacchari de, be elim nated through .
pretreat me ? p before use. Such step of ellnlnathg salt Egnin or

" heni cel | ul ose | shwtg hbd a0 ERBANECHY 2SS VEBCRRT AT f PEELPSAPIESH And

heni cel | ul gse £e§8¥§é55tﬁﬁcr%%%P@Qﬁly@kyesIhﬁlakesanSW|mmmﬁssm1ﬁ$5@dso a
nnnosaccharléé

reparafion net ol ysac S hose
obt ai ned tR¥F®uU %f BE&rréat r'nalfllr-FRs'l7 %%8 \f@%g’%& }? IPéas “one a%ﬁnﬁﬁﬁ
desal ti ng B e riaSlehrpTiE Ueabeenest ePARDE &S 35 e, cBRDIROEE. $@mfad

S P R U ek U325 205 By FREE hipspysenbely o aencr o syard ous
exchange Qﬁ@zhkbsanéj ceeaisal nemxchang i éééseﬁdﬂ%ﬁ%%eDéﬁAph%e%Ja%%# yst
speci es a Pg drap.| ahgegggj 1 enat b d e vl rRftusld pyasverichasr &

possi bl e | r8Ferab

The present in ntor% Egu&ﬁgégat in
parti cul arpmhﬁ@r@bl@t@@pﬁi’f&a Wi SRRt W%ﬁ&ﬁ Fop
sacchari figatiQn.cdt NeeRot hyst [ﬁmm§e!rmé@| ubires dseries saind 1€eexchange,

leading to an extreme drop in_act or _c u5|n a 19s y It
i's bePi eve@emhé§n?hl%a?%fﬂﬁEuF% géﬁrtﬁ??o Hopot %%%%%?ﬁgélé#%n1

ammoni um i @PROT41be hike7450, OGdeErﬁesamemdrsueh aEbAEC$©II%¥|®hd MES| s
preferable to, use polysaccharldes t hat have undergone a desalting step.
15[ 0064] S€Ii€Stp addition, since lignin someti mes adsorb a hormbgeneous

acid catal ys0491f lignin is present . in the reaction starting materials, it
causes a drop insugar %ﬂ:gggnf?rlﬁvgﬁgﬁohn bheohegeNEbYsT aki@ ehtahgst
catal yst. By renbvihg

gnin in |l ignification steg arlor to the

hydr oRysi sreéacsionm,an m@g@ft@ﬂiw@ that njf RPECEPEPY Sc aRpE PR 88 ed,
and the re£9V§rﬂé£é%iéhCEoIJE&&ﬁI@éM§$eﬂéb@£1ﬁydm@IﬁshSmoaanbeusnaceased

In addit the ol ecul ht of
i i 1 onCita 66 hoBAY G BB 4 REE EHG-25 LG8 h Bl & Fon gy

fermentati gnegagohe: aveisdadconcrete indication, when the a01d catalyst
is dissolved in water at a concentration of 5 mass%, -an agueous
30 solutionpH is preferably 4 or lower, more praferably 3 or lower,

and even more preferably 2 or lower.

[0050]
The molecular weight of the acid catalyst is 200 or

greater. This 1is due to the molecular weight of the

35 monosaccharide, which is the product, being on the order of 150
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In addition, hem cellul ose contained in biomss such as |ignocellul ose
deconposes at a lower tenperature than crystalline cellul ose. Therefore,
when' performng the present invention for deconposition of cellulose, if
hem cel lulose is 30 present in the raw materials pol ysacchari de,

by- products such as furfural are generated by overdegradation. As this
W Il cause a drop in the yield of nonosacchari des derived from

hem cel | ul ose and inhibition of fernentation due to furfural or the |ike,
it is preferable to renove henicell ul ose 35 beforehand. [0065] As the
desalting ste met hod of eli.minatin 4.9 a, 80 n u as
“wat er, rretiﬁ%dggff) el i*fi ﬁ%ﬁ u?Lﬁrrt heer:L hg:dl ng il% débﬁ0 t? %b% Ité](()J%sgLI@'vent
so as to cordfaweaieleit 360 ’ecmeB aﬂomsjmooﬁmﬁa@blﬁaeﬁ@&lq ’ﬁ@ 100,000

deconposi t| on, .an b he caler at ed
by hgg“ ng. > ByE e’??%%%gegﬁ?ﬁgw E%Cdc%cﬁdcmﬁ aedll*ftﬂe@c%n@%yb@%@@

elimnatin el utjng in hot
wat er and mdvke gt ediohd] P Hea |aﬁ@db9a5@%f$%@qq1t%8tm%?%‘% %‘gd“&}%tt h an

aci d ors an. gl kat# .off ftéh%rdmté&(i%rnameecxaémbedn@uebfaimegr Hreortamyi she
carried out by conbining two or nore. [ 0066 i ds sed

desal ti ng REKFETR Her al» M ¢ SFERTES 461 PR ?cpﬁ%f%lrakﬁy%lrao I%drqﬂg] acid,

nitric am@remmréxﬁer@%cﬁ&e Aot exetabland car boni ¢ aC| d; - organi c acids
such as acetic acid and sultonic, acid;  and I fergble .
As al kali, sodi bfﬂ%yo?%?(‘?%% pot AR FLRE hycjzlrgom %QS C|muorlﬁg{15%c?%:)k%

magnesi um fhyelsaoxd tehegn arartimmich uandat héldmd@elmfél%la@ﬂ& éﬁtelWA Vit%@e

sul fﬁé‘l .C e}(ﬂ:é]?éer%lb%] %ﬁguf;?u%grgghgggb%egcbg t%%dlﬂgfﬂ&@é@ll’e(@)ﬁsd%c;l&{ﬂmnl a

are e pre rvc sodi um hydroxi de are even
mor e pr ef evats kst Q0FEL NS el adexr Y7 2dLeps Ghe Fetﬁig%r«%ﬂa&% B Adbd a

sol vent -t o4 he, rawdred €4 & snPodvsacediadnites and then elute the salts at a -
tenperature of 10 to 200C. By treating at such 25 tenperatures,.salts can

be eluted EWFtkiently. More preferable is 20 to 150C and even nore
preferable is 50t @hk2Pesent invention, the size- rel_atlonshlp_ for the

15 molecular -weight of the homogeneous acid catalyst, the

' molecular weight cut- off of the separatlon membrane and the
monosaccharlde_molecular weight is: molecular weight of acid
catalyst > molecular weight cut-off of separation membrane >
molecularwelghtofnwnosaccharlde In addition, when a solute

20 other than homogeneous acid catalyst is contained in the -
homogeneous acid catalyst-containing solutlon, a preferable
size-relationship is molecular weight of homogeneous acid
catelyst.> molecular weight cut-off of sepafatioh membrane >
moiecularweight<1Esoluteotherthanhomogeneousacidcatalyst;

25 Whennembraneseparathxlisperformedwithsuchconditions,the
catalyst stays on the feed solution side (concentrate side)
without permeating the membrane, and the solute other than the
homogeneous acid catalyst and the solvent 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, if
concentration of the catalyst 1is necessary, it can be
concentrated as-is by membrane separation, with low ene:gy.
With the method of recovering with an ion-exchange resin or the

35 method(ﬁfrecoveringwithzﬂlion—exchangen@mbraneoijuaprior
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In addition, it is preferable that the duration of the treatnment for
eluting the salts is 0.01 to 10 hours. Mre 30 preferable is 0.05 to 3
hours and even nore preferable is 0.1 to 1 hour. [0068] In the desalting
step, of the salts present in the raw materials prior to the desalting
step, renoving 50% or nore is 35 preferable, renoving 80%or nore is nore
preferable, and renoving 90% or nore is even nore preferable. The salt
content can be determ ned by ash nmeasurenent, X-ray fluorescence

measur enent, ion- chromatography nethod, |1 CP (inductively coupled plasmg)

em ssi on spectr try.and.the |ike, 9  honisf i,catdan-d ep,
net hod of %ftr'n‘i ﬁggirﬁg lﬁyd@eutffrnogblvﬁn% ﬁi}g%@a]fﬁgﬁlﬁggaggggugssol ution and the
met hod of &ilwtedt ireguby islgutdnmidetable pPUOYOPTEArEPRFAPTARCOPEAN ¢

sol vent arg, prefecabl &y All apidh Al edlkabic 160y sboaddsdalfedl tifitn
organi ¢ sol vent. ing acid or alkali allomg Ilgnln deconposition.to be
pronot ed. tlre awrtiiaie SERATGH AN ESFEOE RS EE Rt 5§ bet by ¥ by heat .
[0070] 5As e asi ¢a@r theralkadi casedyist t benabimye réGodelriedni &t catigin
step, sane ones to those used in the above desal.ting st [ used. As
or gani ¢ sd’?‘?lé?ﬁ%t{%%ho?narf%e&baeﬁ i OHT 1At o s e%)l,O chsZtagl%e? q{(}t anol ,

but anol , negdwmpl , propanol, nethyl ethyl ketone, tetrahydrofuran, hexane,

ol uene and the || ke,can be used.. AmAGINESE o AGIONG: PlbaN0ly 20 And

but anol are pref aafﬁl and acetone 1s nore preferable. [0071] In the
del i gni fi datdonl gsbp, =f1E iaddhagupper sbitilh giplue in mass proportion

10 of the homogeneous acid catalyst and water present in the_"
= . reaction sysfem (acid cétalyst:'water),'and it is preférable'
tocarﬁy(nﬁzthereactionatéﬂlacidcatalystconcentrationthat
is lower than this. Water referred to here means the total
amount of water'present in the.reaction system}-includipg

15- everything'Such.asinoisturg containedjjithe raquaterials and
added water. While the amount of moisture can be modified by
adding‘or:removing Water)zhere,.it is defined as the amount of
moisture at the beginning of the reaction. ' :

[0053] , _

20 The upper limit value of the mass proportion of the
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, 0.5:99.5 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, unléss expressly stated otherwise, %
represents mass%. -

[0054]

) The present invention dis also a monosaccharide

30 prepérationﬁnethod:U1which 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 oﬁt hydrolysis under such conditions, the

35 reaction and catalyst recycling can become more efficient and
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into the raw materials polysaccharides, it is preferable that a treatment
is carried out at tenperature of 10 to 200C. 25 Treating at such
tenperatures allows lignin to be eluted sufficiently. More preferable is
50 to 180C and even nore preferable is 80 to 150C. In addition as the
duration of the treatnent, 0.01 to 10 hours is preferable, nore preferably
0.05 to 5 hours and even nore preferably 0.1 to 2 hours. 30[0072] In the
delignification step, removing 50%or nore of the lignin present in the
raw materials prior to the delignification step is preferable, renoving

80%orrmre|srmr preerMJ nmov
pr ef er abl 2 FHEYT % co(J é% é%gtggqégﬁfggﬁﬁﬁgﬁﬁﬁﬁﬁﬂdg?ggﬁéf'ods

?i;grl' bﬁ/g ¢atalysr ands&eim:re,lnl—thﬂjbéoﬁeo?’f Bnaf §21 ea0 Thend decy L1 iAehcEd.
, Mar |
i i égégg%ﬁgsg%%%ose I?QHQ?@ééﬁdﬂiﬁﬁe removal step, although

simlar 5 the desalting step can be carried out, nore
stringent Cohdikions than those for the desalting step are necessary. That

is to say, a trealdrent tweapesatusecof mbAbren256€phsapiefieiabkbatlBet o

200C is nore preferable an to 1

2t on et B SN0 SpoT RS AR o B T BB LaaRhe. I
pr ef er abl eyowmrer prief exatl padiob ko thehpue serhd revpart oFsrelprefedfabing 0. 1
10 2 hours., 108/l o ggtg%%e?n%”éﬁgﬂl'a@ P36y  STANRloSIOR. mEATRUAOG SAYty T €

15 of the &f resen W rateriars prior to.t
heni cel | ul axsk qeemmedlonst @pﬂ@nﬁﬂ@ﬁeﬂﬂbtee AEHDVEHP B0 SRR Y aglr%’re

prefeﬁﬁblQKJgﬁﬁgﬁ{egnggﬁtQEtEBthﬁ%O%%ﬁﬁgﬂ@é@e@ﬁﬁ?ﬁéﬁbﬁﬁme:separatlon
was . substantially extremely difficult. Compared to the
concentrated sulfuric acid method or the methods of Patent
Document 4 and the like, with the monosaccharide preparatlon
‘method of the present 1nventlon, catalyst concentration at

15 saccharlflcatlon:uslow,thus theburdaﬁoncatalystrecycllng
is also low.: That is to say, it has the merits that a small
amount of catalyst to recycle is sufficient, the time required

for membrane separatlon.le short, and worries such as membrane
deterioration. and fouling decreasge. In addition, due to the

20 fact that the catalyst concentration is low, the cataiyst
solution.afterlnembrane separation.cankxare used immediately,
as-is. With the concentrated sulfuric ac1d method” whlch
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 1is necessary; whereas the monosadccharide
preparation method of ‘the present invention doces not
necessarily require such a step, which is also an advantage.
Meanwhile, as described above, methods that carry out
saccharification at low catalyst concentration as in the dilute

30 sulfuric acid method and dispose of the catalyst (dilute acid
method)havethep&oblemthatreactionselectivityislow. 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 conditiocons
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The hem cel | ul ose content can be determ ned according to nethods descri bed
in, for instance, Handbook of Analytical 20 Chem stry, 4th Ed. (1991,
Maruzen). . The desalting step, the delignification step and the :

hemi cel | ul ose renoval step may be carried out separately or may be carrled
out sinmultaneously. As the above pretreatnent step, preferred is one 25
containing a desalting step or one containing a hem cellul ose renoval

step, nore preferred is one containing a desalting step and a

hem cel | ul.ose renoval step or one containing a hem cellul ose renoval step

and a delignifj catleé:p?j;rﬁgmpg%dsle% gnnvenewp_,re C%qef.%dos&]gagogg,@hnllﬁg a

desal ti ng 3t%ep e renoval ste
nonosacchafi dese Eﬁ;ﬂheeﬂm@mmmmm,pnepéipétlpéﬂgrﬁﬂws‘cﬁ TERY Chr-88ent

| vent | on.. § iose .98 8l Bede Yo Py el g g idigeabonensel vsacohaigles on
concr et 6‘| ng LFCO 5 ar abl nose, mannose, aI act ose, uronic

aci d, gl ucCosar ing @id?ctthéL’q)i keThahyiBete| $a%, Pref P EVERTE6Se and

xyl oseg [0076] As deal | ongaf  t hig vnasaechar de‘hlgﬂ—lﬁ@lmncﬁs
ferrrentatlon raw terials, chem cal reacti

stactin r :
fertili zersmﬁ@é@%%C@F@ééfStaﬁﬂdpﬁrbf%%éS e?%‘ga@%?gﬁ% Swn9
mat eri al s.fighdcgr nEntalll o vavy n]acmema:teslwtplccmeardnratnm%a&mﬁ @é&s can

be used in conver5| on |nto al c hoI s S S t [IE:ToloX
1, 3- pr oparfEHiot e FERd 188 (Tse S Uc‘igé%t F%&g%?g& ?lg%ltﬁg@;m d, Ilitof;lfconl c

aci d, mal ieatkl e d,ecgcﬂnng B.SIJdI)W.aGSIh?l m@th@d@faﬁhe@ﬁ%ﬁ%&}@rv@ﬁi e
aci d; ,yarious, enaq{ qlzghs S As P11 T, A iGh Hddrame acid and |ysine,

and t | i%e.2 referred 1s utilization in the preparatlon of
et hanol aanG:ﬁﬁ anol and acryllc acid and 3-hydroxypropi oni c acid.

15[0077] As net hads. f.0r. hydr ebyzbngapobys aeehacidesaya llyse shy dugjaysics st ep
of the nonosaccharide preparation nethod pf the
: compounds having a sulfonic aclid group, organic compounds
hav1ngaczwboxyllcac1dgroup,poiyaCldssuchaslmmmpolyaCLds
i5 and heteropolyac1ds may be cited, preferably organic compounds
hav1ng'a sulfonlc acid group, and, heteropolyaCLds which have
high acid strength. That is to say, it is preferable that the
" homogeneous a01d.catalyst of the present invention contains an
. organic compound having a sulfonic acid group, and/or, a
20 heteropolyacid. There are advantages such as the sulfonic
acid-containing compounds are available in a variety of
molecular welghts, and that a heteropolyac;d has homogeneous
molecular welght That is to say, it is one preferred
embodiment of the present invention that the homogeneous acid
25 catalyst contains an organic compouhd having a sulfonic acid
group, and/or, a heteropolyacid.
[0657] 7 :
The organic compound having a sulfenic acid group refers
to an organic compound having at least one sulfonic acid 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,amdinaddition,thecompoundmayhavesubstituentgroup
other than sulfonic acid group. Tn addition, polymers cbtained

35 when sulfonic acid group-containing monomers such as vinyl
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present invention, one bringing into contact the above acid catal yst and
t he pol ysaccharides in the presence of water is 20 adequate, preferably
one that m xes an aqueous solution of acid catalyst with the

pol ysaccharides and reacts them For the reactor type, batch reactor,
continuous reactor, sem-continuous reactor, and the |like, maybe cited,
preferably continuous reactor. An organic solvent may be m xed during the
25 reaction. As organic solvents, ethanol, butanol, acetone, and the |iKke,
may be cited. [0078] Wiile the concentration of the acid catal yst during

t he above h ol ysis is as,descri e en_t.h g% i 30 is
expr essed ?%9{%?%% O FrasEH WER lrgglgggjg?}ét gc}(ﬂ’ﬁ.é g%%lg?feﬁfgéf%(lgc%%qcat al yst +
wat er) i nsaehgl] oky-hwdeepy-assearhasstibfonve: ache prERerPeYEPPEFCT i AT

val ue of 1t he.ari calal ystnGancsnlratien dsadtj i S%issmmralpreiariabl e

and 20%i s nore prefera e preferr ,r%%fr limt. value of the
aci d cat alyasy dbsedreertredi oPis RPUBHERS 595 Er @B e Fhd 1% i s
even DI &, pi GhekAlh@n LONYEr 58t yrehdp filgieenyeanappeolybmoby Vahaerot

wat er concenttration i s 99.2% 99.5% i s,_nor ethﬁef era lﬂ? %%%S%Q%lli%r@ggn
more pref PRbYBIRYThalppRer FEY 1BWRT PF Tt Varue™or Ehe Viat ér o
concent r at §@NFb5i S0%1d0%né mard qusef s hbdrel andcbd8098d P eV HeHe 9
preferable. [0079] I n addition, _as. t i f, t JBMnic
materi al s PO%%P?E%E%Wa??% %r?nl%é§§§£@%?§ f%%ﬁ%%ﬁ%%'sbggﬁggggzharide Wi th
respect toathe towap-awetatindha enelgmess. 709%B4f §iterckr §B1LECBIC1G

upper ,l4 m u 9% 4 r abj, €13l Uhvige 18V ey Endd efier abl e.
As théd o ‘Tr:g‘%% nf??ng%[%ief?g g:’}g?lsﬁ%%efger%gl e, 5%%&@ynor preferabl.e and 10%
i s even nopelynes ki é‘}nhﬂér@%%@%’rcé‘rﬁ%ﬁn@n%l‘stﬁ’ﬁﬁe?aﬁﬂ?‘?r&l? RE1HasEY

i ncl udi ng gy eryd Al Neht Sy asy I a¥paBYREL 8L Sn@otyrsac charfotes; acidl and
catal yst, water, and 15 pther,golveﬂts, TX%%fg%%ﬁ‘%ﬂ&i%%”ﬁﬁf%i&“&%id‘

pol ysacchaft Weaneredinst Ric mskd with acry 3 ‘ - T

The organic compound having a sulfo_nic:_acid group may be
15 used alone or may be used by cdmbining" two or more species.
[0058] o _ o
As the_,héteropolyacids, phosphotungstic acids such.as
Keggin-type phosphotungstic acid (H3PW12040) and Dawson-type
pho-sphotungstic acid (HegP2Wis0s2) s s‘ilicotung_stic acids such as
20 Keggin—type silicotungstic acid {(B4S1iW12040), borotungstic
acids such  as Keggin-type borotungstic acid  (HsBWi204a) ,
'phosp.homoly-bdic acid, silico;nblybdic acid, phospho wvanado
tungstic acid, silico vanado tungstic'acid, phospho vanado -
molybd;c écid, silico vanado tungstic acid, metal-substituted
25 heteropolyacids, and the like, may be cited. Among these, from
| the point of view of lcatalytic activity in various reactions,
phosphotungstic acid, silicotungstic acid, borotl_mgstic 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 catiocnic species, for instance, sodium,

magnesium, ammonium, and the like, may be cited with no

35 particular limitation.
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[ 0080] As the reaction tenperature of the hydrolysis, a lower limt
value of 20C is preferable, 100C is nore preferable and 20 150C i s even
nore preferable. As the upper limt value of the reaction tenperature,
300C is preferable, 270C is nore preferable and 250C is even nore
preferable. The present invention is al so a nonosacchari de preparation

met hod in which the hydrolysis is carried out at a reaction tenperature of
100C 25 or higher. The present inventors discovered that with a reaction
tenperature of 100C or higher, sufficiently high reaction rate could be

obtai ned even with a | ow co cen t af sgat b ¥sbf wy ¢l gkeesalose to a
realistic procegE‘e h%t%ﬁﬂ?? C{égiﬁggsdlscovered that by elevating the

reaction 3@ meypeeaUBed.bgocomhhylﬂﬁetHPgﬁrr%%E?|6ﬂe?h?§ but the

select|V|t¥0§B the nonosaccharides also increased. This was particularly
remar kabl & 9

he bi omass hydrol ysis_reaction
[0081] 35In addWhemN€$¢ﬁ¢ﬁ%@@@ﬁﬁrﬁﬁﬂﬁﬁ%N?F%ﬁgl vérg%q?h %9§g%¥?§igwere
obt ai ned ggggt Bt HE SRR ANne sepRIsak k on 1otepa bylysl siongarte atdaet Pon

t enperature. at isto say, if_there_a r Eefk sallal,Sedgh
generatloﬁoéfoﬁeééﬁﬁﬁe QﬁtﬁF8@8&¥?C%§gh8%g8PSE?§?§ g%% or?ncyamg can be

suppressege1$&Q§elt@a@bmper5ddnnpbhﬁdscqﬁiﬁﬁﬁﬁﬁ|§P§QI%%§“§U%H”&% F&dceting

with the separatlon menbr.ane Latidng s verbrane: detembasatrabr, or
pol yneri zitAgPEH® FSPﬁarpoﬁh%egﬁggwﬁ%uncga%h 0

d and provoke foul
menbr ane, hage bemeatmgltypossn@H@l¢é0§epéFéFE5#PBHPtF%aégngﬁm%lglng
Conse entI%ﬁccﬁé?%@gcgngohegggéﬁykngeﬁpebat@aeaEst)dﬂhdanhhaﬁumn aodeasi ng

‘the | rane and stabl e _conducti
separ at i ortthe[ 0082 Ftahesk é&@ﬁréﬁlﬁpe@%w(éd%fi%tsﬁrqﬁ%& gﬁ;@? % %53 Se(r)l\X/er

limt val ygQf Q.31 Mea b%o@é@%6babbﬁes0r®§l$$%n¢EﬁWﬁﬂW@h@ﬂEﬁ@@@@ﬁéVFS and

0.05 MPa is even nore prefe p t theareacti on
pressure, Cﬁ@@lwﬁéfi§u§?bﬁéré8?§ro?§iwﬁgggg %g%euiggfeﬁgﬁggjgit SOa%Ea i's

even nor ebrj),r ghengbl a8l ¢die sodactioonat 50% or lower, ;meortant merits
| .15 - are obtalned ‘of the burden in catalyst separation being -
allev1ated and the cost 1ncrease due to a loss in catalyst being .
decreased as well. ' '
7 These acid catalysts may be used alone or may be used by
combining a plurality. Tn 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 ammenium.
{00601} :
In the follow1ng, the polysaccharldes, which are the

reaction starting materials used in the monosaccharlde

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 1like, will be
desctibed ‘

30 As polysaccharides used in the monosaccharide
preparation method of the present invention, llgnocellulose,
cellulose; and hemicelluloses such as xylan, arabinan, mannan
and galactan; chitin, chitosan, agarose, alginic acid,

starch and the like may be cited.

carrageenan, P glucan, and,
35 Lignocellulose, cellulose, hemicelluloses are preferable and
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solution pH, pH 4 or lower is preferable, pH 3 or lower is nore preferable
and pH 2 or lower is even nore preferable. 20[0083] As the reaction tine
of the hydrolysis, 0.1 to 1,000 mnutes is preferable. If the reaction’
time is shorter than 0.1 minutes, hydrolysis of nobnosacchari des cannot
proceed thoroughly, and the yield of nonosaccharides nmay not be 25
sufficient. In addition, if the reaction tinme is |longer than 1,000

m nut es, overdegradation of nonosaccharides occurs, and the selectivity of
nonosacchari des may decreases. Myre preferable is 0.2 to 200 m nutes and

even nore preferaple is 0.3.to.60 nip ) he ; Msi1S
reaction nﬁbgrb%c%]ajr‘ﬂ%%e'o&e%&hllﬁﬁlet?%%é&;eaggéeggé%]agt i,%clu arc:cg hydr osleysi s
of |ignocetdfdosetbs qerafdrets yswastramek oandi MaRicElpré oSEaBPStAiIE i s

due to a difference i-n r | eCemRasl +Hhon itepperahir en heingeen 35
heni cel | ul BE&" AHY 22| ltﬁ%gglé ?ggtggi ir)lgle in I'ignocell ul ogg. That is to say,

it is prefevabtetidatinimlantssst stage, hemicellul ose, which can be
deconpgsed[é@()ijel atively mld conditions, is deconposed, and in a second

stage, changing to nore stringent conditions, to carr t ' ition of
cel I ul ose. The &% @rd&tiasyst %%%@q%rystarféc}}a}l?ls({ess’t aglg%g(r%g ?%’gf‘ggﬁ)g‘f\f st age

may be the,Sames ongicl  ABY beedlidf brantd oresed,00B8pad-leavedhiteeathe
menbr ane separation e carried f LAl Y-S So St Eh 1 S

fi ni shed, r‘%??ﬁﬁ%%ﬁ@é&?ﬁy Ef%ln%sdea%gregaar%t?%%%?gpé@ér{rgglﬁo% in mﬁlhlth}
nenbrane sepgirafieanbls .catonedebealy aftiamasfes saehidhWaST BT abIt Y As

et nogjof IBIDE G SERAF ALK Gk ST BRM A - Sk dTBEBRARE calR Nk o

press izi%%p?ﬂe fee ion side (concentrate sjde) , nethod of
reduci ng psesatcEren (bhgapeeneRay aF e CHRdt h6ATEF FFtGRiron 6y Bstdlic 15

pressure, vﬂ?{%?@%tlﬂéw?e@d{éh@ﬁas§ﬁ@@ﬂaﬂ>aﬂﬁ,(Umnb’@d Lisivgs elepttlyi Truit
al e

~ potenti al rence, and the like, may, be cjt th t he., gﬂl‘gi :
pressuri ziPNENRS f deF ) RIS SRKR) r & ‘?%e(lcr?gjt 8 Tg ’dﬁﬁ%‘?on ar
0SNDt i C - preseudl &drx-dief e baldl scavaddshecakl had lof, pnéssgeiliihgrivelieéed
solution side is npre preferable. 2 he (685818 e IBiRo Ofves,
presstPi zi%‘@ﬁ?%tggé‘d: BFE?Fﬁ%g?-ae%%P%&)essure at t]?]e fime of nenbrane-
- separ at i oremet § ofnaic duphghegeapdesstme) BB ePdeapf PO e 88 949 MPa,
ore preferaply P8 VPa 401 5aliRd itk S051u Di £1:nabl dork S4BT dDgde MPA.
Not e t hat ,P&veh %4 case ere nenbrane separatiqQn is é? C}é{l erd'[ out
si mul t anecarsdl yetan ioger pACEREAD AL TRIRFRESY hydrdl YT R4t Pon™rs i ed
out for at.least,p POItd omhofaddiel pody sesrimrd deserand afondgacchagides are
generated in the solution, corresponds_to,.carrying. oyt ”Qﬁ%@?'éf@@r ation
agai n€0 hoprien daUk taPRRChEF & E?Rfflﬁn?]é? rﬁ%?&agﬁe%tg %lg-l%aa er T
. - they are readily available, and algae have the merit of being
| decomposéd readily as they do not Coatain 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 step before use. Such step 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, & delignification step and a

35 hemicellulose removal step. Natural Dbiomass such as
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30 the hydrolysis step in the present invention. [0086] In the present

I nvention, as the type of filtration at the nenbrane separation
performance, either of dead-end type and cross-flow type can be appli ed;
however, the cross-flow type 35 is preferred.in the honbgeneous acid
catal yst separation nmethod of the present invention as separation of the
hoMbgeneous acid catal yst can be carried out with high efficiency even if
t he honbgeneous acid catal yst-containing solution is at a high
concentration. 5Menbrane separation in cross-flow type can be carried out

by a nmet hod whereby, for instance, the sol uti.on subjected ¢ ration is
pressuri zebl feFRl b Tﬁ§3§€HF5%PFH186F8§a$ﬁ§lBﬁWS ?%i§§§%$¥%§@§ﬁ§%gg%

separ at i ong ey naren iPed e drotRequiirde chhe lpet neate 1 L 19 ATGE PECESrance
of menbrane, separation, a tenperatur f 1000 i &F able@.i cRDr e

pr ef er abl ySH¥ 51§6%FéﬁH%HHE%PEFéﬁgf%%?&cg%?%%J%bggéﬁﬁfgggieqbgfnée

separ at i Onam@ye WAy Mmbiehadifr shrbagth, t ypROVabith Mfokiss Bfpdishd s

sem -c ntié&@%@ble %éﬂﬁ?eggg dype and continuous type are preferable. In
order I5 t'0 increase the yie of nonosacchari de, nmenbrane separation can

be carriedl®W3hil e adding water to the concentrate. [0087] The separated
nmonosacchari de cgfk R dised iikv@ntors found that, in particular when a

heteropolyacid is wused as the. catalyst for biomass

sacchaiification, the catalyst becomes insoluble due to salt
10 exéhangé, leading to an extreme drop in activity orlcausing a

loss of catalysis. Tt is believed that this is due to a

subsfiftution with potassium, calcium, ammenium ion or the like.

In order to avo-id such a precipitation, it is preferable to use

polyséccharides that have undergone a desalting step. '
15 [0064] N |

'In addition, since lignin sometimes adsorb a homogeneous
‘acid catélyst; if lignin is presén{ in the reacti@n starting
materials, it causés a drop in sugar yield or a drop in thet
recovery ratio of the catalyst. By removing lignin in the

20 'delignificatidn step prior to the hydrolysis reaction, the
sugaryieldduringhydrolysisGanbeincreased,andtherecovery
ratio 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.

Tn addition, hemicellulose contained in biomass such as
lignccellulose decomposes at a lower temperature than
crystalline cellulose. Therefore,whenperformingthepresent
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 1like, it is preferable tco remove hemicellulose

35 beforehand.
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fermentation process, via a neutralization step as necessary. 20 In the
present invention, as the nonosaccharide and the acid catal yst have been
separated by nmenbrane separation, the necessity for neutralizing the

car bohydrate solution is low, which is also an advantage. That is to say,
i't is one preferred enbodi ment of the present invention that the
nonosacchari de 25 preparation nmethod contains a recycling step of
recovering and recycling the honbgeneous acid catal yst separated in the
Separation step. Here, recycling neans repeatedly utilizing the catalyst
recovered Qﬁ1nenbrane separation in a hydrolysis reaction. 30[0088]

Theaci d calt %t concentration of the catal yst solution recovere .bg}tthe
menbr ane separ atisonhiesdpsel eiafl yt<ep 8 B‘tﬁﬁ’l”éé?{_ 6f ebiBLRRBRIRGIRY &if‘&‘ll?

concentratiqn used, ] IOl USLS, IRactdPRf BRiRipLelagab) Yukthelr ne or
nore and ew\}gtﬂi §55%%%%n%:%1%asl 1.5 tinmes or re. .brie;jg;il‘n.%r{ r‘]ﬂ‘?ﬁd
[ alyst

recover ed adatiingy eatial pst atbaéent e aid bt o I §Rel Ot HARCTH cat

concentat o UELAGoBYd Bhsi S1Kkahel dedamyaay pmoendariabihei nay
concentration of 1.0 tine or_nore), the separatéd c yst., s ., can be
recycl ed iafmedi&esly. FP6m FﬁggFB edB?%g,sDelDt a?égg%%&%%e%p}? e?tré%ﬂég%

enbodi mentpafrdhePresertic matenrid of d¢iatindie neby i Hyed ép Pt ¢@S%d out
i mredi at el firer the rane. ' ; [ HUE 888 wiagycl i ng
step i m*recﬁy“éfEf‘ﬁ T?F’e%h ygg??%‘nﬁbé%gﬁ??goﬁ%ﬁ%P%é@é?é%%agai n_w.t hlout
per f or ni N adeblydeain el Jstidp f Gheseneekbpas iy, PEOCPFI bRt S hyAh 8IS si s,

wat'er ,gay he t0 A4 UStodihe, £ anseMA Bld Wvo [Q08R]re. In addition,
as th%HZciod: éﬂgat%ﬁ)%stc%c%%cﬁt? at i 03?1_ of the recovered catal yst solution, the
upper |imi0G&HAlue is 50% 15 Although it depends on the balance with the

acid catal yst conceptat ;9Rqaduni fige hyshOltyisics stiep, i minerel pretds abich 30%

even nore preferably 20% and nost pref.erably 10% recover i t he
catal yst racsvaredisy aﬁéﬁibrQﬁ(élr?é:&ﬁroﬁlicoﬁcﬁé’pgle ]éjre%bal?(gf%b 5 ocgéa%ﬂrde%a{?;er ;-

more pref ekl ,y péQ%aen dgsrat@ixbevin a20 dropegpnét eraislsy sU0% 8F fater and

nost preferably 99%.o reater,.. ] 0 oA A erablg tdmit, t he
reco’vi?’ed a&kcggggtsqls{qrg_%gg& désir?(g%gllefﬂi]%&mgggg u%ejfee;ée%@; Q glg N
cati on- exchatigen ahgddrbeids, prottors Tiont ehy A EPX bR ha§adCdiPedyFioFide,

preferable fo 11y catal yehndragensiat tee siep. dder eprafsegehneration
step is tomar%lveeér@rrt?ﬂg{?%ﬁgﬁ%%éd cation bhack to prot gngt edhigrrgnc As; gret hods
of regenerPattdl’Dm,thmtehoéslﬁfﬁétlcu%@léat?%ﬁ‘}o%é'ﬁdéir yaree , !

sodium hydroxide, ammonia are more preferable, and sulfuric

20 acid and sodium hydroxide are even more preferable.

[0067] B ' 7 | -

* .In the desalting step; it is preferable to add a solvent
to the raw materials polysacchéridesland 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 eéven more preferable is 50 to

120°C.
In addition, it is preferable that the duration of the

treatment for 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.

[0068] |
In the desalting step, of the salts present in the raw

materials prior to the desalting step, removing 50% or more 1is

35 preferable, removing 80% or more is more preferable, and
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preferable. Concretely, a nmethod whereby a cation exchanger 30

i nprotonated foimand the recovered acid catal yst solution are brought
into contact using a colum is preferable. As cation exchangers, organic
conpounds such as cation-exchange resin and inorgani c conmpounds such as
zeolite can be used. Preferred are nethods that use a cation-exchange
resin. Cation exchanger 35 with reduced protons due to cation-exchange can
be regenerated by flow ng strong acids such as sulfuric acid and re-used.
[0091] In this way, in the present invention, an acid catal yst recovered

with a nol ecul ar sieye menbran YHL4 1A Wt hgits undergelng a
dehydr at i o 81ep9 \%/ﬁiﬁcchrfn Al JS% egi%n%nﬁg%é dvant age.e With the catal yst

recovery nedimobeusieig rarinieoh fexchahg@aae3inenst | oh- BXE hahyeTREMSF&Re i n
he Concent s al i gl Ur ik g1 ety et ol pocs e e s ot ent

Docunent e acid catalyst 1s recovered %t a_l qw %}g oncentration,
furt her norecunléd merawyadiss iof FRPGH TS 4y R & |§7l Fgh

concengratj@isgjTherefore, there is the problemof requiring considerable
energy for re-concentration ar_|ow.catalyst recouary.ratiig; LRigentkast,
the nethod descrihéd§ ﬁietlﬁgnﬁﬁé*fgﬁlalnn\?gn% "on s a Iower ener ,%?ovi(/acost
process. 1510092 wEhe menadaedhar dguprepasat iohonetarnst téfe ﬁ[lﬁ%}f}.ﬂde%nt
invention is, not limted to.t QQQ eaemi@pt&n%qliqlgv@rﬂ eirgaefic

modi f i cati%ﬁ?é“%}aetlﬂ]o%glyble%uﬁltgﬁﬁ i tﬁe scope indicated in the c|aips. That
is to say,sehimodi rewt preffeanhdd - byAe Gibichiotg 2202t E&hhiBaY kh%ér%i odi%ti ed
sui tabhy w '&%Qx‘?iéaﬁgﬁvéﬂé'.Ca&a%@_iha the O ne1RsBi ahSowwacliuded mi t hi n
the technical . scope of the present |nv8nt| gf. %g%g]ti I n thf 11;0(I)1110\/¥nr3)g, t he
met hod f ordeprerctitipa hendenBs68°25%¢ci d-ta A OPhonByRhedls A8 d
catal yst sepamdidon it hed) f promoted by heat.

{00701 : . ,

' As the acid or the alkali used 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, butanol, methanol,
"propanol, methyl ethyl ketone, tetrahydrofuran, hexane,
rtoluene and the like can be used. Among these, acetone, ethanol
20 and butanol are preferable, and acetone 1is more preferable;
[0071] 7 _

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
treatment, 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]

Tn the delignification step, removing 50% or more of the
lignin present in the raw materials prior to the delignification
step is preferable, removing 80% or more is more preferable,
removing 90% or more 1is even more preferable. The lignin

35 . content can be determined according to methods described in,
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the present invention will be described. The honogeneous aci d catal yst
separation nethod of the present invention is a nethod for separating a
honogeneous acid catal yst froma honbgeneous acid catal yst-containing
solution, 30 wherein the separation nethod conprises the step of
separating a honbgeneous acid catal yst by perfofiaing a honbgeneous
cat al yst nenbrane separation treatnent using a nol ecul ar sieve nenbrane,
‘and the nol ecul ar sieve nenbrane is a nol ecul ar sieve nenbrane using an
or gani ¢ pol yner nmenbrane and the pure water 35 perneation rate of the

organi ¢ pol yner nenbrane bejng, 1 mn/ - _or..gre a a 41 MPa.
[0094] . - for lﬁﬁéaﬁi&ﬁmg‘éﬁ%‘gfa%glé&%AESEXF%EF‘%%%&@Z%%&H tr%tgﬁ@j 3? 9? hé
present i meniddn conprises the step of separating a 5 honogeneous acid
cat al yst f@ﬁﬂbg honbgeneous acid catal yst-containing solution with a
nmol ecul ar e usi ng- an organi ¢ polynmer nenbrane. As_descr] bed aQove, a
mol ecul ar si eve Asepahat 8emdorpouAaseha PG t HeSRi f RAFBALEN F1MBIEcul ar

wei ght g, %Qa_du?édéh%gtﬁéswﬁf herogesneptsn @@tk catalystairs 120 aepanatred
according to such a principle, the organic 8ol¥ger nengrane u%%d %Qe}he
honogeneos: Tdiak Hat a3}t s@par B ddntFBFRo§°6t “ffie 5P8LEATYI AVERL PSR may
be one spegifs;s:HFy MYHRAE HWotspeayesaotravteent ntadektdtome tdie 50 to

honbgeneous aci d catal yst separation hod, may be us i _n..conmbi natyi-on
Wi th anotﬁﬁﬁ)@51§eﬁéﬁéﬁF691ﬁetﬁﬁh 58 g@hdgaﬁsfﬁgx%éﬁﬁbéﬁggﬁgaEQFQ%?gtalyst

i s separatiefd 1ugjong iat ekeasioerepoefanablpol yieradiitbrame, trendlurat ioncl ude
anot h separation_st | ong, (N udes -4 hegs fapepar atdrg
using?gn 653&%?% 55F?§§F%§e q?a%g§lh%?e@$Lat, Eﬁt%gugﬁegﬁeahonogene us
aci d cat alprstf Qtalslapdr i dre fetivod soRnch8VEReSehRt Pﬁﬁ@ﬁﬁ?@%yé%ﬁbﬁﬁlgé a
honpgeneoys, gci d catalyst from a honbgeneous acid catal yst-containing

sol ution using an organi c polynmer nenbrane, a separation nmethod
correspondd&/#lt he separation nethod .of the present invention as |ong as

at |east a portigntek hbeidkihomegensensvatictast alyst’ing Separmted e r om
any_cggstuhy%g% hemiéellulosé presént in the raw materials prior to the
.hémicellulose removal step is preferable, removing 80% oﬁlnore
is more prefer_ablé, removing 90% or more is even more préferable.
The hemicellulose content can be determined according to
methods described in, foi_instaﬁce, Handbook of Analytical
20 Chemistry; 4th Ed. (1991,_Marqzen).
The desalting step, the delignification step and the
. hemicellulose remoVél étep may be carried out separatel.y or may
be carried out simultaneously.
As the above pretreatment step, preferreq is 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
he;micellulose removal step and a delignification step, and even
more preferred is one containing a desalting step and a
30 hemicellulose removal step.
[0075] 7
As monosaccharides in the monosaccharide preparation
rmethod of the present invention, those obtained by hydrolyzing
the above polysaccharides, concretely, glucose, xylose,

35 arabinose, mannose, galactose, uronic acid, glucosamine, and
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ot her than the honbgeneous acid catal yst contained in the honogeneous acid
catal yst-contai ning solution using an organi c polyner nmenbrane. Above all,
it is preferable that at |east a portion of the honbgeneous acid catal yst
is separated from 30 the entirety of the constituents other than the
honbgeneous acid catal yst contained in the honogeneous acid '

cat al yst-contai ning solution. [0095] The organi c pol yner

menbr ane used in the honpbgeneous acid 35 catal yst separati on nethod of the
present invention has a pure water perneation rate at 25C and 0 . 1 MPa

of 1 g/mn/n2 qr greater. Accardin Stede agnd Nadd .on
menbr ane &3§tﬁﬁﬁ§ﬂ.pﬁyN%ﬁ-5§%%ﬁf Dg%%ﬁ%ﬁfg%?yaﬁP%% does nothggrneate pure
wat er underoad#ed conditions of 25C and 0.1 MPa, does not correspond 5 to
the organic poI%geg ﬁgg@g@ggngnogh@h@ﬁ@§¢5gaddngﬁﬂdeﬂw.uAipdaetw@neas_

per neati on rat e of Phe or gani ¢ pol,ymer nenbranelofré g@g%ﬂ /g@aggigﬁeater
at 25C andmerVisd iginvesad mBsEdie Wit h SLe8UfFitci 8nf “solvent perpeati on

rate, allquingthe howpgeneeus aeidl featdamest beo chéedepandt BdcEPEAPLHe

honbgeneous aci d 10 cat al yst-contaj nin o] j 1 high ebkiehaney.
It is preffamamndayon Fﬁ@ydﬁ?geﬂb? ?'pg%%egg%%%ﬂFiggg?s g togl,OOOE%/nin

/n2. Nbre é{r%gfiefaatmoel,i s10h0 e B0 iglas ar PEEVER Sndife CHPEFESANe 1520 to

800 g/ mn/ n artijcul ef &1 1551330, 3.0p 8821 i ol nBrghhibiot e
that the pth® E%Fuﬁ fﬁ%%%%éﬁgﬁéﬂg&%gﬁ be det rﬁ?ned for instancg. by
measuri ng ddigis lswir aseacktifeapéfmehRet 66t 3FHEd WP Predshti'ziMg to 0 .

! NPaébn %M%&?t%ﬁWQQQeaBEB§ ﬁ@k?iiﬂa§cb§eﬁnﬁIzwhydﬁnxyﬁﬁupjumdul@Cdﬁ;each
(0]

separati on fierfbrane. As honobgeneous acid catalysts in: : d
invention;véniquﬁaa@ﬂgﬁhP@léénﬁéﬁﬁdgshﬁ§?ﬁ§%écs%?%%hi%?ééﬁ%&géggﬁg%?ﬁhe

organi ¢ cojiaoynds havithe a ikar.boxmbhg ahédegrgmgf%mmﬁdrﬂﬁ[Rﬂ%%%ﬁ@i§c§Uch'as

‘honmopol yacids and het er opol yaci ds. descri.had e Ldtedhc ard d he
preferred %QnﬁhqiRﬂ%?%H%§ﬁ°§e8§L§?Pﬁ§o hégg ba@gxglgaahé)éa finc |

and 3-hydroxypropionic aqid.

15 [00771 R o .7

As -methods for hydrolyzing polysaccharides in thg

hydrolysisstepEﬁfthemOnosaccharideprepaxationn@th@dofthe

present invention, one bringing into contact the above ac%d

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, continuoqs rgactor,

Semi~continuousreactor,andtheiike,maybecﬂied,preferably

continuous reactor. 1U1organicsolventnmykxémixedduringthe

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

[0078]

While the concentration of the acid catalyst during the

abovehydrolysisjj;aédescribedabove,whenthemassproportion

30 isexpresé@dintermsofnass%withrespecttotheentirety(acid

catalyst + water) instead, it is expressed as follows: 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

' i % 1 % is even
35 concentration is 0.1%, 0.5% 1s more preferable and 1%
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honogeneous acid catal yst for any of these are the sane as 25 descri bed
above. [0096] .The honpbgeneous acid catal yst separation nethod of the
present invention can be applied preferably when the honbgeneous acid .
catal yst contains a heteropol yacid. As 30 described above, if an inorganic
menbrane i s used when separating a heteropolyacid, since the netal oxide
constituting the inorgani c nenbrane has the property of adsorbing the

het er opol yaci d, separation recovery |l oss occurs due to adsorption of the
het er opol yacid to the inorganic nmenbrane. 35 Furthernore, a porous support

Is essential when using an acid catal yst . | i efepakl eathat the
nol ecul ar H\ﬁé‘legﬁtfeéﬁm}é??- ofcqm%e%%’aﬁgeaé%%%%/ﬁ%% use oi The
organi ¢ arg LhecsaiBn@snt patite 1wI%ckar 98i oY el A 5ORNBIraherabed 9

menbrane separation in the no ari Sharad apweat hedief vahee
pr esent ir?\?%n??o‘ﬁv%‘é%%%éjfea egf\slagj.cl '00%% P 3

. . . . As s ecie% of \the_organic
pol yner mesthrRBesatehi den¢hmsesgearerid PYseal Pod UM PFEFSETER
menbr a esTﬂﬁaE%sg%e%Oﬁqur%&%&%@hgggqsis menbr anes, nano-filtration
menbr anes © ° , o
[0078]

In'additioﬁ, as concentration of the above raw materials
poly;accharides in mass% of raw materials polysaccharides with
respect té the total amount of reactants, 70% is preferable as

10 the upper limit value, 60% is more preferable'and.SO% is even
more preferable. As the lower limit value, _%Ais preferable,
5% is more preferable and 10% is even moxre preferable. Here
tOtalémountofreactantsisthenmssincludingeverything,such
és raw materials.polysaccharides, acid catalyst, water, apd
15 other solvents. The mass of raw materials polysaccharidesr
means dry mass. '
[0080] 7 _
As the reaction temperature of_the hydrolysis, a lower
limit value of 20°C is preferéble, 100°C is more preferable and
20 150°C is even more preferable. As the upperElimit'value of the
reaction temperature, 300°C is preferable, 270%3 is more
preferable and 250°C is even more preferable. The present
invention is also a1nonosaccharide:preparationﬁmethod.in.which
the hydrolysis is carried out at a reaction temperature of 100°C
25 or higher. The present inventors discovered 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. 1In
addition, it was discovered that by elevating the reaction
30 temperature,zuﬁ:onlythehighreactionratébuttheselectivity
of thé monosaccharides also increased. This was particularly
remarkable in the biomass hydrolysis reaction wusing a
heteropolYacid}
[0081] |
35 Inaddition,thep:esentinventorsdiscoveredthatnﬁrlts
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it is preferable that the organic nenbranes may be cited, polyner nmenbrane
used in the heteropol yacid separation nethod of the present invention is a
nano-filtration menbrane or ultrafiltration nenbrane. If the organic

pol ymer nenbrane 25 a nano-filtration nenbrane or an ultrafiltration
menbrane, for instance, when a solute other than heteropol yacid, such as a
smal | nol ecul e organi ¢ conpound, is contained in the

het er opol yaci d-contai ning solution, it is possible to separate the

het er opol yaci d and the solute other than heteropol yacid. 30 Mre
preferable is a nano-filtration menbr [ 009 mat eri al

organi ¢ pdisfferieiteane; SPhen1§H%HE“%raﬁ§tg?P3%a@§ fd?e?hé?nnleggg

si eve nEnhmﬁngééﬁﬂhdﬂ1ﬁémpeﬂﬁﬂﬁf@ne‘ﬁﬂﬂarﬂﬁlb@ sayt héfnthesac elvarode

re t thod 35.0f -th
P Tod. T PRHALITS he T atr o os e it ARactERE L PRRBY SRS,

pr ef er abl elst fat fulre lcag@rficcripiot pred eemthcafEPP5CESBEk yr@?%@rﬁ?@&ﬁévﬁaw ng
a cati gn- %%\%}159%9890& Jﬁ&ﬁ%@ﬁ@ﬂ%@lﬁeaétﬂn@%adry@ﬁe GRMaaIaRS oty

heteropolyaC| separ tlonofheteropol acidfro
heteropoly&@tdzﬁvhta@@@nga§@9hﬁﬁﬁ#%ﬁ9(Rﬂ?$hﬁ??ﬁn a%FﬁﬁlaﬁaBFﬁﬁhlcoﬁblyner

menbr ane %Q,rly@demlrygrﬁg e@tf@f*m%}(be@@g@rgcﬁ@mgﬂourtchenhbpmsphbymuljlmm@ft he
cati on-exchange group of the

repe r due to
el ect ri calthienfeaREa . FHy? ?gF ?%%sbﬂpoF%bbﬁ erogo a%%?% g%%ﬁbt ¥
approach the zpgister casaa‘aqaeeltﬂ@aohral:ys Hrmtbaswg:é:ltdﬂ balg]hem‘éupelaylm

menbr eco nDre dlffICU| ercr t :
héterggola &&ﬁﬁe?ﬁén§EWbra%g§e g%ﬁl%% ﬁ%%g%%t|éﬁﬂéﬁgﬁﬁgtfgéﬁbery

of heter omm:lnyhmtdom tdf encebrtasss dagssasiombove all, it is nore preferable
that the 3%%%@10 pol ymer nenbrane is a pol ymer nenbrane havi ng a sulfonlc

acid grou
9 ~As the reaction pressure of the hydroly51s, a lower limit

value of 0. 01 MPa is preferable, 0.03 MPai is more preferable "
15 and 0.05 MPa is even more preferable As the upper limit va-lue
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 pr_e'ferable, pH 3 or lower is more
. preferable and pH 2 or lower 1is 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 cannot proceed
thoroughly, and the yield of monosaccharides may not be

25 gufficient. In addition, if the reaction time is lenger 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 [0084]

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

35 heﬁicellulose and cellulose contained in lignocellulose. That
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[ 0101] Concrete exanpl es of organic polynmer nenbranes used in 20 the
honogeneous aci d catal yst separation nethod of the present invention and
pref erabl e ones anong them are the same ones as the organi c pol yner
menbr anes anong the nol ecul ar sieve nenbranes used for the nmenbrane
separation in the nonosaccharide preparation Method of the present

i nvention 25 described above. [0102] In the honbgeneous acid catal yst
separation nmethod of the present invention, the concentration of
honbgeneous aci d catal yst-containing solution is not limted in

particular. 30In general, when carryi out nbra { f
sol uti on, as§61ﬁ@Yoﬁt&F58r?6ﬁFégﬁ éﬁFﬁgt%%ﬁlfg Egg gﬂégﬁggngéﬁﬁ%f a

sol ute canma&cbec@@r rbeedjentﬁn];mn‘e‘d cilenréyamvhl*_a mlldt icomagitt i@ ghl s

concentrati.on, dn t he I a -@ethod
of the preggﬁ?mPﬂ§% tl Jébgn ggggg ec ncg%t% A no ?ﬁ%ﬁ%ﬁ%ﬁgié%%é cid

cat al yst - conhdmhmngsﬁuﬁu@m@ﬁ Dsthd@ﬁomm%%lﬁbngéhééééuééﬁﬁ calBfy&%1¢an be

separ at Wg y Ehgsg&fqptel@ffltﬂ& %Ft%%_]%nbnldn‘iﬁ@t E8B0AH e BXGE L gy s e
remar ka Iy fhe concentration of the honqgeneous acid _

catal yst - cbh@aﬁﬂmﬂgoe%l@ﬁlmﬁﬂlgeH@b%fe%@W? 3°%1 so one preferred
enbodi ment [ghgthe present invention that t he concentration of the

honogeneous acid catalyst in. the honogeneaqus acid,ca
solution is 1 ma¥Rd4 %fy SN A0k SEH @f rpeﬁagnggd%%%% ggﬁgégéggent

i nvention, tAer aypreflgsabl etep Zjnaﬁsﬁﬁ@me@reareﬁlmﬁ&tém@@u@éwe1¥D the

preferable is 4, mass% or t LNVept{an, tfhe-
nass t hECAGHDY %hé%@?th%ddﬁ%at yst é%Préﬁb égégg%gﬁgﬁiﬁass bet ween

the mass obuthafhend@eﬂeUMBTGMﬂnik&ﬂRﬂ%ﬁﬁrﬁb¥@ th@sd%%Eh%@ PheempPLant is

t if g dbecatad ybi
(0805 *As PRBIrh ol MPROLLELLED &E‘*@ﬁeﬁ‘m@”mm frne Lo, 1he.

l e selection_ is le a ]
appl i cat i ohherfeer salpsion ﬁhéeh&ﬁ%ﬁ%%%Bﬁé f@atﬁﬁ%@? ﬁtﬁ?ﬁ?%bng
sol ution w,Bs8QrRasy 't(hlél @terhlemtteagma rz@tlim dist&fiaeionabgr osnatious
al cohgls, various et hel S Ay CUe i G a1 Se b B 1 48, HRANRR ChLBG
| electric potentlal difference, and the like, may be cited. And
the method of pressurizing the feed solutlon side, and the
method of diffusion by osmotic pressure is preferable, and the
method of pressurizing the feed solution side is more preferable.
20 In the case of the method of pressurizing the feed solution side,
a pressure at the time of membrane separatlon performance (gauge
pressure) 1is 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 simultaneously to the reection, 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 performanrce, either of dead-end type
and cross—flow type can be applied; however, the cross—flow type

35 ispreferred in the homogeneous acid catalyst separation method
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[0104] In the honpgeneous acid catal yst separation method of the present

i nvention, the size relationship between the nol ecul ar 25 wei ght of the
honogeneous acid catal yst and the nol ecul ar wei ght. cut-off of the organic
pol ymer nmenbrane is the same as the size relationship between the

mol ecul ar wei ght cut-off of the nolecul ar sieve nenbrane used for nenbrane
separation and the nol ecul ar wei ght of the honbgeneous acid catalyst in

t he 30 nonosacchari de preparati on nethod of the present invention

descri bed above. [0105] A difference between the nol ecul ar weight of the

honogeneous_aci d catal yst and t he npl R =
orgagi c pg‘P§ I Hﬁﬁﬁ?ﬁ%el?%erbfrje neraésbF%g%gg%6%5%%?%%0%%%%%%???%I y

300 or gresieslpsd everbaroree et endbii thobigh gf EREEIICY PRIt ShE as

the nol ecul ar  wel of .1 e hpupgepepusachongakal ¥ston1:80Qt0n grieat er but
10, 000 or %@%9?%g%§%f%?%§|gg 5 3§ile hi ghly gfficient separation and
recovery oforcémpogeheus acid catal yst froma honpgeneous acid

catal yst - cont ai nirlg, SOl dkieR rbb 1WAI Th cirbe sralleaul yare wen giet cefrihe out

honogeneous acid catalyst Is in such .a range, has_pb i ffi sp far, in
the pr eserﬁyi%}‘%ﬁﬁh%,‘%&f%g r?&o&g‘si@in Seatary? fl?.@nl%c% @%%tneég 10 can
al so be sepasatedief fiiscbeatkyrithdsyhi he befiinge ssnbfw ittie apf es@hRg iHRENt i on

are exerted nore remarkabl y. whe e weiahko8h1t heo harmgeneaus aci d.
catal yst is°i%h T p%@ﬂ%ﬁd%%ﬁ?éﬁ%b%%tkbr% p?e?eraﬁfy 1,000 or '

gr eat er butpgrh®dceor | ess and even nore preferably 1,000 or greater but
5’00018r 15|ess'DiPﬁ%?kerformandechmembraneseparation,attemperature
of 0°C to 100°C'is.preferable, more preferably 0°C to 80°C and
most preferably 5°C to 50°C. While membrane separation may use'
anynmthodfromkmtchtype,continuoustypeandsemi—continuous
type, batch type and continuous type_gre'preferable. In order |
15 to increase the yield of monosaccharide, membrane separation
can be carried out while adding water to the concentrate. -
[0087] o _ | _
" The separated 'monosaccharide can be used in a
ferhentationnprocess,.via a neutralization Step as necessary.
20 In the present'iﬁvention, as the monosaCcharide 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 is to say, it is one preferred
embodiment of the present invention that the monosaccharide
25 preparation method contains a recycling step of recovering an@
recyclingwthe homogeneous acid catalyst separated in the
separation step. Here, recycling means repeatedly utilizing

the catalyst recovered by membrane separation in a hydrolysis

reaction.

30 [oc88] 7
The acid catalyst concentration of the catalyst

solutionrecoveredby%ﬂuamembraneseparatimnispreferablyO.B
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
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As described above, it is one preferred enbodi rent of the present

i nvention- that the honbgeneous acid catal yst contains a heteropol yacid,
and as concrete exanpl es of heteropol yacid, 20 the sane as those descri bed
above are preferable. In addition, it is preferable that the nethod of
nmenbrane separation and the pressure during performance of nmenbrane
separation in the honbgeneous acid catal yst separation nethod of the
present invention are the sane as for the nenbrane 25 separation in the
nonosacchari de preparati on nethod of the present invention described

above. In addI tion, l(yfstrrgﬁggrgﬁi:%%%% EBaﬁlgﬁ(QEriﬁrﬁérP”cﬂé’%%lcf eRRan sk e

during per?%or Separ at'l on type of menbrane
separat i orm(rb&trfﬁrattyim doonnignopdsolypes Bohaledis- E8ntdnidLS CCPIETART t he

like) in thg homogeneays agidncaidl ysh separ ald aformihodnef seharptesent

invention are tfie safe as those for the rane separ tlon % th%h
nonosacchatd el yarte pap het ben meeRo P ®f r?ﬁé(ngﬁgsé‘ﬁ?“q Yon deseFibed

above. 5[ 0187]. Apthe E%”Péa@?s@&ﬁﬂ?@h@&@r&@ﬁeemboalmenneafejunpwb@ent
honngeneous acid catalyst_se arath %hod gf tJEiéH‘%ﬁ?“i ﬁggqu] can
be set acckﬁ?ﬁqR}QQ)qﬂ%§ EBRcEREYSETGHs 6Pt he Formogeneous “aci d cat al'yst
and ot her soldit eBe rasbilrle aspahetpoewﬁm (§augeipy esdutley regvicdgnd
perfornance of .menhr.ane.5 sep t ol Liron.
ate of g fERee ee g SERRr et LA e arﬂiiﬁﬁﬂ?é?ﬁiiﬂ?%g%ﬁpper
limt vaIwauhndﬂnpéeﬂobmlnbeEhad&hﬁdfpﬁé@@wﬁ?%ﬁ fpe §€&£%ﬁ.§ﬁ¥%ﬁ%mrane

and the separatien nﬁ’?@f@fﬁsf@?“'vﬁatéﬂ omaihenPoididedf vbeva@fudte the
‘concentration.
- {0089] | | |
~ In addition, as the aCid catalyst concentration of the
| recovered catalyst solutlon, the upper limit value is 50%.
15 'Although lt depends on the balance with the acid catalyst
concentration durlng hydrolysis, it is more preferably 30%,
‘even more preferably 20% and most preferably 10%. A recovery
ratio of the catalyst recovered by membrane separatrion'is
prefefably 50% or grea‘ter, more preferably 70% or greater, even
20 ‘more preferably 20% or greater and most preferably 99% or
greater. ' -
[0030] _
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 pr-eferable to implement
a catalyst regeneration step. Here, a regeneration step is to
revert the exchanged cationback to protonated form. Asmethods
of regeneration, methods that use cation exchanger are
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
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
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10 honpgeneous acid catal yst separation efficiency and rejection ratio
descri bed below, 50 g/mn/n2 or greater is preferable, nore preferable is
100 g/mn/nm2 or greater and nost preferable is 200 g/mn/n2 or greater.
Not e that the nmenbrane perneation rate of the perneate 15 can be

determ ned, for instance, by nmeasuring the flow rate of the perneate
during nenbrane separation. [0108] In the honbgeneous acid catal yst
separation nmethod of the present invention, as rejection ratio for the
honogeneous acid 20 catalyst, it is preferable that the honbgeneous acid
catal yst rejectian ratio , hampge ¢ird Cattaly shdcest-aisatdng

sol ution iwmoﬁ%%%é:’%roon 2%%%%{ acl d%gsg'lt%%gt concentration exceeds 1
mass% i s subj%¥Edt ed to nmenbrane separation and the perneate amount has
reached 10% of tﬂﬁ%hﬁg%@ﬁ@ﬂﬂ@n@@ﬂ&&i sabuht 0ons uinh ectiet cae adgsbr ane

separation (initial honpgéneous acid catalyst rejecti rati I % or

greater. WrIPHHEd nfifal ah@?ﬁﬁ@r\’éﬁ‘&s HG Y cf%ﬁ“é}ﬁ/agqe r(gjg%cﬂao%)erd ti}:(%gi s in

such asrange:nhdger erldreb iy theldnonngeieoustepi dvehtlal ysta iz pr &gértced

sufficiently and it c e deened t e a30zaehd agatialhyst
S\ﬁ% edliniayc%gf?ét ch'-ﬁ ChECHS s@ah0 agal

coul d be AH3EE su ! re preferable is 80% or gréater and even
mor e pref eradlages BEYrorog aterxchangal dicmbgiRnss i & Nen E RGROGERES aci d

cat al yst separ at.i on h he, pr Nt demeeit | @ ETb&epanatratdnt
hOaneneouSs"ﬂ?cuirc'iLcca?gfés?r%etgieor#fi fo}f“)hgﬁgoncentrati on of the hcorm eneous
aci d cat al yestumortt aini ndrheol @dish CSTRLYART stPar BEFORCTF ¢ HE hoagmgéjneous ,
aci d ¢at alé/(ﬁ-[ceqﬁ{}at?ﬁcﬁﬁr rd, 80 rinMd heut s thecgsj et itonratuonf DT then
honogéneous aci d cat al yst droggigﬁg, eveng’f thLe seep%rlg}'ég% PLo Rppceeds
- and the 5 dinAmGhY. BhBPeeeRaAT b AEHDT and "$EFAPATI oR TS beconm gg

‘concent r atgd.r Hhatr iingy @ rsAiyieidblics ealesgyohier pref epneen brdbitent 160 t he

present invention that the ho enegu Ld.cat J LOP; 1@, When
B Pompgendiis i t EAP ISt Z00nEal g Lrar L or S o LFe honade

ution 1n which the honbgeneous
acid 10 catad gﬁiesmmeimvattbmw@@d@W%ﬁ%ﬁ@sM%&%.&@?&%ﬂe
separ ﬁ%}l onw@ﬁt]he. hompbgeneous "aci d catal yst separati on method of the
present inve on and the pernmeate anount has reacgea 5 %tgjf' t he Ieinq:ui d
anount of the sdhg inwnesdfekssdde oPRBRBFARECR eParaPFoR’ i< %7 3% Y

greater. Mg, nrefelabl s as i P efekr gibdd cepbddinyant, At ahammigeneous

acid catalyst -rejection ratio, when the,perneate i - 50% of
the |iqui @%W@Qﬁﬁfléﬁtﬂﬁé‘%@:ﬁtﬁcﬁ?]g{}tﬁ a&?ﬁagﬁ en%%%nggnmends%%é{reg??gg&%s 80%

or great er-ggnL£VenrHmy eipr ebersalyl,y Bb¥dimegiteatodrtained by compielRthat

the rejection ratio for the ho i d:20;catalkystingan hei &Lyl at ed
by théofolﬁ%%ﬂ%gcaéal%ﬁﬁ“a‘? i%%é]%fgrﬁ'ﬁ%gﬂ% f’l‘i)[ g’i%g]lﬁR o b /Cbél% N
in the Claims are also included within the technical scope of

the present invention.

[0093]
Tn the following, the method for separating a_h’omogeneous

25 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 method for separat"ing a homogeneous acid
catalyst from a homogeneous acid catalyst—-containing solgtion,

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 1s a molecular sieve
membrane using an organic polymer membrane and the pure watex

35 permeation rate of the crganic polymer membrane being 1 g/min/m?

41



[0110] 25In the above Formula (1), R represents the rejection ratio for

t he honbgeneous acid catal yst, Cp represents the honbgeneous acid catal yst
concentration on the perneate side and Cb represents the honbgeneous acid
catal yst concentration on the feed solution side, respectively. 30[0111]
In addition, the honbgeneous acid catal yst-containing solution subjected
to nmenbrane separation in the honbgeneous acid catal yst separation nethod
of the present invention nay contain a solute other than the honbgeneous
acid catalyst, and 35 above all, a node in which the honbgeneous acid

cat al yst-contai ni ng sol uti on contains._an organic conpound with a nol ecul ar
wei ght of dr oDreaker exs 4%°Caledd Oné PFéferred enbodi ment of the present

i nvention. ggwhfurthernore, anode in which the organic conpound contains a

saccharide is also one %Qpre&%{%%gdegggghgggt%anigpgéﬂq@§@ﬂgdLﬁweﬂﬁgon.
i n t

[0112] There is it g&rA9EUa™ Pt at i on e concentration of the
organi ¢ copgeett Wi trventmobec tare g ght B¢ 1,00 orcd eSEREFHEFed G n the
honbgepeo cid. | ystcont ai ph Dgs A0S of wlrk ONa | Nhédedéh@dus i t acsid
prefergmigﬁﬁéﬁéhﬁﬁ%% t%gﬂﬁgnnggnqug aqi?bcatafgst-containin sol ution
cont ai ni ngEa el Y e et g e P W P T it e Eultar S (Bt ght SbEV S, 1 ess
‘has been sgpanated,byyhde hemBgeneousnabidscatbbystbsepar at imonlaretired 15

of the present invention, the nenbrane perngati ia_of tf i c
conpound i%lefﬂﬁ/osﬁﬁ)a&@&&?e?‘?mP?u?ﬁg b@&er%ggprt%%é rdgL{flf%aL‘te'n%e {0 e Qngany

weights, and as long as the homogeneous acid catalyst is
10 separated according to such a principle, the organic polymer
membrane used in the homogeneous acid catalyst separation
method of the prese'rit' invention may be one species, or-may be
two species ormore. Inaddition, the homogeneous acid catalyst
separation method may be used in combination with another
15 separation method as long as ‘the homogeneous acid catalyst is
separated using at least one organic polymér membrane, and may |
" include another 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—contaj_ning solution using an organic pOlyme_r membrane,
a separation method corresponds to the separation method of the
present invention as long as at least a portion of the
25  homogeneous acid catalyst’'is separated from any constituent
other than the homogeneous acid catalyst contained in the
homogeneous acid catalyst-containing solution using an organic
polymer membrane. Above all, it is preferable that.at least
a portion of the homogeneous acid catalyst is separated from
30 the entirety of the constituents other than the homogeneous acid
catalyst cantained in the homogeneocus acid catalyst-containing
sclution.

[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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of the organic conpound is in such a range, it can be consider

organi ¢ conpound has perneated the organ?c pol ymer menbrane su??iEPZ;t}Ce
and fromthe fact that the organic 20 conpound perneates the menbrane and
perneation of the nmenbrane is prevented for the honmpgeneous acid catal yst
as described above, it can be deened that the honpbgeneous acid catalyst
and the organic conpound and sol vent could be separated efficiently
enough.‘Nbre preferable is 80%or greater and even nore 25 preferable is
90% or greater. Note that the menbrane perneation ratio of the organic

- conmpound can be calculated fromthe o nd
sol ution SM@?%EP@@m?étﬁﬁ@lﬁﬁﬁbﬁﬁﬁgi§é3§$§tﬁ3ﬁ)nﬁg%t éC%?égﬂ%%%%%%%ﬁﬁi the
concent r at A@poidiAdiey 3G penprahe. siol 13 tAehNgﬁlw@mﬁj@f@ﬂ% deEcd ieadal yst

recovery ratlo can be .real i zed DY 1 eaover hRgst st racivhicat al yst
eff|C|entI3yn $)fﬁgm%on§ engoug ac?d catal yst 35 gzbaratlon d

met hod of @ﬂﬂ@e:prtﬂ&e@tommmrmmonf AS?E)rmgbr@eduMPacﬁéPe%d?f% S GRS y

met hod .co i t ;
usi ng Fhen%%‘n%%%e : ac|p3>1§9neqf -8EAVeId N ahboppgeneousnaeh i eat aldyst

I nvention p@r@lvg—xj:emq@egmeﬁﬁéo& §§§%tgfrrﬁ'§rla{o:r§%§1%t ngmertmeemlprrfr?§rg
1 g/min/m? or greater at 25°C and 0.1 Mpa gives a membrane with
a sufficient solvent pe-rmeatlon rate, allowing the homogeneous
acid catalyst to be separated from the homogeneous acid
10 catalyst-containing solutlon with high eff1c1ency |

It is preferable that the pure water permeatz_on rate is
5 to 1,000 g/min/m?. More preferable is 10 to 800 g/mln/m
Even more preferable is 20 to 800 g/mln/m and paxtlcularly
preferable is 30 to 800 g/mln/m N

15 " Note that the pure water permeatlon rate can be determlned
for instance, by measurlng the flow rate of the permeate
obtalned when pressurlzlng to0.1MPaina state where pure water_
has been flown into the module of each separation membrane.

_ As homogeneous acid catalysts ih the preseﬁt inv-énti'on,

20 the organic compounds having a sulfonic acid group,- the organic
compounds having a carboxyllc acid group and the polya01ds such
as homopolyacids and heteropolyac:Lds described above may be
cited, and the preferred conditions when separatlng the
homogeneous acid catalyst for any of these are the same as

25 described above. ' '
[0096]

The homogeneous acid catalyst separation method of the
present invention can be applied preferably when the
homogenecus acid catalyst contains a heteropolyacid. As

30 described above-; if an inorganic membrane 1is used when
separating a heteropolyacid, since themetal oxide constituting
the inorganic membrane has the property of ad‘sorbing the
heteropolyacid, separation recovery loss 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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As the honpbgeneous acid catal yst recovery ratio, 70% or greater when the
honogeneous aci d catal yst-containing solution in which the honbgeneous
acid catal yst concentrati on exceeds 1 nass% has been subjected to nmenbrane
separation is preferable. Mre preferable is 80% or greater and even nore
preferable is 10 90% or greater. Note that the honbgeneous acid catal yst
recovery ratio can be determ ned as the proportion of the honbgeneous acid
catal yst anount remai ning on the concentrate side after separation with
respect to the honogeneous acid-catal yst anmbunt 15 contained in the

honmbgeneous aci d cat al yst - cont_aini ol yLi 398 $0-SERAMAY iz@Rorb0114]
The rret'ho&?%g%m%’hgﬁndgggggﬁskg%ilgé]%éa)% a}?{/s% (the 'horrgeqeogous -

aci d cat al ytsto separ apdoousrethedpref, tHel 20 2gEesPRCIRVENE oFPFET atOF
separati on_ et had. -3 Aplsecyary b eMet ¥sbpgl pic i ganiie tholcyrer
nenbrane,???%ﬁé%§1 h%@%agér fer permeation, rate of the or ganic polymer
menbr ane i sepa g iarl rRebhogr @&t e tPBEE HndL B WEE THRECRepaFEt ioh

met hodg oving, 410 Lb8 idst mbhBkaht Sepakpbestiynwayhefe d sobesutiar osiseve
using 25 an organi c . polynmer nenprane, is separ.at.i s ibl
honogeneoE ETE rERCIHNFIIS ﬁléﬂf%r?g ? J%Ef??oa | %%gp%{a?!ég %hp%/i\np{O%roS&t ©

requi ring @i apecitalgloperadconsry oraieaet i on systens that -use a variety of
honobgeneous aci d, catalysts, in. addit.i Q el hods: 9f W& B the

pol ysacchari des thhé %%%% %ﬁ% U§&ag$ BOS%ataly%teio ﬁé are ' | ‘ '
monosacchasi ates tAs ivies trieac theh  Biye thaRR o505 8CaACE2 takY ati B 38t i ons

such epoxi | . tion, al kane oxidation reaction, aromati ¢ branched
chai nﬁgl k@?Etgei OL}%)&[}Q% ga%'l on reaction, aromatic hydroxyl group oxidation

reaction aPB& al cohol oxidation reaction; acid catalyzed reactions such
as Tt 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 Hm;ecular sieve
"15 membrane used for membrane separation in the monosaccharide
preparatidn method df the present invention described above.
[0098] | | | |
As species of the organic polymer membranes, while ﬁhose
generally called ultrafiltration membranes, dialysis
20 membranes, nano-filtration membranes and reverse—osmosis
membranes may‘be'ﬁited, it is preferable that the organic
polymer7membrane used in the heteropolyacid separation method
of the'pfesent invention is a nano-filtration membrane or an
ﬁltrafiltration,membrane. If the organic polymer membrane is
25 armﬁo—filtrationnmmbranecnran1ﬂ¢rafiltrationnwmbrane,for
instance, when a .solute other than heteropolyacid, such as a
small molecule organic @ compound, 1s contained 1in the
heteroﬁolyacid—containingSolution,ji:ispossible1x)separate
the heteropolyacid and the solute other than heteropolyacid.
30 More preferable is 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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i sonerization reaction and hydrolysis reaction of olefin, alcohol
dehydration reaction, etherification reaction, esterification reaction,
Friedel -Crafts reaction, polynerization reaction and hydrol ysis reaction

i ncluding 5 biomass saccharification reaction nmay be cited. Anong these,
as one particularly preferred node that applies the honbgeneous acid

catal yst separation nethod of the present invention, in a bionass
saccharification nmethod using a honbgeneous acid catal yst, application
when separating the hormgeneous acid 10 catal yst fromthe honbgeneous acid
cat al yst - sol aft hak,if i on reaction may be
ci tedy Bi o"ﬁﬁjs‘g‘ gﬁb%?arﬁi? n'Lleor?zﬁeet hr}% ;%g%o%nghof St%ﬂ%l oi | substituti gn
energy techmi®fles drawing attention in recent years, and applying the

present invention 49 éyg?egaw&hﬂh%@cﬂ@am%n@r bbCyhak| e tibpons ant a
techni cal significanc I omass product puri fhcatl on techni qg@ %nd cost

reduct i on pecmgrueerbrane hayitge $r pht At 5HCoF “HEnaCEhar i rom

bi omass, sagehaddes ¥pighcarailbe readtdions produatesopblgkned, byvhtelme

bi emass saccharification reaction, are cont; |arys_-L in thefgg ,honbgeng( _
aci d cat al SRR ni ng sBFuti on & Fe F&acti on the hormgeneous
aci d cat alyste sapanatdion awtthochiofg tdrel yriegents i peBAL £ENOBAN USd NGs &

suitably to the s%}e f se%%@;ﬂhggcgggggﬁ @&cglq)rgaé@élya%{g@ oup,

sacchari de& $5 b 4 ThOTDYeneous  aci al yst-contai ni ng sol uti on.
That is totr%hsayropblyscmd@rpi éh@r@%&@rﬂ?@‘dﬂ%ﬂe GECHRETBRB NS aci d

catal ygt sengr.ailond tlhggcﬁfoi‘ﬂli'@rﬂﬁﬁa?%@te[L@M@B.TLtQm 1@t@l§£cth@nhommgeneous

acid catalyst ‘'separation nmethod of the present |nvent| 0
monosacchaitiide grassirattiien hRHOPOYaRE 5Pedéft GRS qb tr}ﬁmé’n B i ng

out the homasngous-asidl 30asat dastageenaradign sheppby yway oferitherst ep

(A). When using the honbgeneous. aci d gat aIy ratiq t,hog of e
present i MRASATGH F‘Hr?heghgﬁbglé% harlrg}é pre%arrtg}e%p%nQ%ét k%lgg%of (?}f‘le %{ré;sent

i nvention héﬁeﬂcggcplrﬁiﬁcamrﬁdughmhet nempreaher r echlrbied | FeRdea i gEkous
aci d Egt allyeséovseelg%ar [af;]éoggggsh gaggdt?ftﬁﬁeﬁrﬁﬁ%@s hBweakI. O%Qﬁérdlt!ﬁ‘d

above: i nst ance, gl ucose, | ose, '
ar abi nose,irdmaosee g:a:leaf@uf@é;)é-e heti éhacpaga@%acré% Yiae, ™ ’t”ﬁ‘:e 13 i, nay

" be cited. F?%?rﬁeeftmeq{bfaﬂ?e lwetd op diPldR]i dThe-1onpsagshari de preparation

met hod of present 1nvention conprises the constitution described above
and al | owsttdhldlsacchari des to be prepared efficiently and econonmically 10
from an i nexpensiyg Aiiessngpicss a¥ birgaadel bolgser mhm]s;:anesnssad in

preparation nmethod that can ) uita are
chemi €8l &Qi’dﬁ@?‘@%&@ﬁ‘l&sa‘é’r[ﬁa‘ﬂ% %’ayr? Fag??étgén ?dél ?#’%nﬁf}e%&@
horrogeneom&l\a_mﬂjl@ataaiw@tefeprabaa one$5arnfem<mdd”i¢ﬂ atlh?e theesene PAYEAST on

conpri ses the.consti.t ut QVe,ABfgaldn Rg1achoarRgeseous  aci d
catal yst t9"be sdpArSt om a orm aeneoug actd cat al contai ni ng

- sol ution widnbrtdrghs ef flsedeno@mandtbehl Wﬂmﬁﬁlﬁene%%%a’é%FHOEat afystt
recovery ratiq to.be. qbt %P@Sarﬁﬁléﬁ%gﬂﬁb@yOﬁoﬁle XKresent invention
25 described above.

[0102] _ _
In the homogeneous acid catalyst separation method of the

present invention, the c_oncentration of homogeneous acid
catalyst~containing solution is not limited in particular.
30 In general, when carrying- out membrane separation of a
solution, é solution at a low concentration is used, and
separation of a solute cannot be carried out sufficiently with
a solution at 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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BRI EF DESCRI PTI ON OF THE DRAW NGS [0116] [FIG 1] Fig. 1 shows one exanple

ﬁgngggﬁgzs floyvdfortplrep?ri gg g fm)nosacchari des from bi omass using a
leous acid catal yst, an or recovering the catal yst. EXPLANATI

OF NUMERAL(S) AND SYMBOL(S) [0117] a: Pretreat mgnt (pul veriyzi ng, hot 'watg]r\l

treatment and the like) 30 b: Saccharification (hydrolysis of

pol ysaccharides using a honpgeneous acid catal yst) c: Solid-liquid

separation d: Menbrane separation treatnment (nolecular sieve nmenbrane)

e: Thermal deconposition treat msnt 35 f: Eluti on treatment BEST MODE FOR

CARRYI NG QUT THE |'NVENTI ON 0 Hereafte e i 14t
descri bed 3f&ly é%’é}ﬁa% uﬁlh T ur ur% h}é% et al% ﬁoﬁb%{}g?ugt \ﬁlgm%r gsent

i nvention dascarlq,tsﬂ igsnt ed ts@phlmdexaﬁlpllles o yefﬁﬁﬂ’f@ Ofattheupresen

expressly ,stated othe a S rt
assos . | LOTE FOTHE AR Al et hode: Seel bl el 5?*%%%?%33%’;&22? e

t he exanplas taleehsﬂnomnb@uSvﬁcxwmﬁlmsoaﬁ%‘ﬁaéfnﬁﬁn%‘%%ﬂ&h%?|Jd%

The qU?““ ficati P, ”E@%%a(&t@rbgéﬁe!\@édc%ﬁnlbbaﬁim@ut e | tiei qbresent
chr omat ogr aphy PLC). For the col umm, TSK A de819 15 Dan factucad by
Tosoh Cor g.nweas-ifgedthahd td& e%??%%n%%“c%? ri t% Olfl%ge r act onet er

(R) . TheHalykiofint fige rmmﬁgamdtars de&dvmt@hymmrddam mqiglttlgnt he

formul a bel ow "Monosacchar.ide vyield
monosacchard &% 5Hs ST FHwW Trat &Y aIp po%ﬁego%ﬁgé@d%%%ﬁh% rﬁ%r?gd t he

mass of . r a_mvmitardra,l sopel ysafehabiLdelsS i2smapA% i 08886 °6f ABEI FYRDHEOTS he

'dryn?sof t ef i Asfesand in the case of
pal m enpt
fruit @unéﬂ:ee rE‘Esfmches a?ter em)veal of  pal m nut; hereaft rgfgrred

‘to as palm EFB) thme wrat nebs Bher ARSAAREr FAVSN AP EFRS Mass © " the
homogeneous acid catalyst divided by the total mass between the

mass of the homogeneous acid catalyst and themass of the solvent
~ is represented as the concentration of the homogeneous acid
15 catalyst. |
10103] , : :
As the solvents, while selection is possible according
to the applicétion or the like of the homolgeneous acid
catalyst containing solution with no particular limitation,
20 for instance, water, various ‘alcohols, various ethers, various
esters, and the like, may be cited.
[0104] | _ -
3 In thé 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
relatlonshlp netween the molecular weight cut-off of the
molecular sieve membrane used for membrane separation and the
molecular weight of the homogeheous 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
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25[ 0120] (Quantification of by-products) The quantification of
by-products was carried out by HPLC. For the colum, TSK-GEL ODS- 100V

- manuf actured by Tosoh Corp. was used, and detection was carried out by
using an ultraviolet 30 spectrophotoneter (UV) and RI . The nonosacchari de
selectivity of the saccharification reaction was cal cul ated according to
the formul a bel ow. Selectivity(mss% =t ot al massof gener at ed

- nonosacchari de/total nmass of products (nonosaccharides and 35 by-products)
x 100 By- products arefurfural, hydroxynet hyl furfural, formc

aci d, |evulipic acid. ;35d acetic asi dyli ghear gogengrakedabyy 500 or
overdegradgf?o%r%?iﬁoﬁggagghgﬁe%é% [0121] %(ngnt i ?i cation of acid)
The concengra&ien. of sul fonic acid compound in solution was cal cul at ed

fromthe sul fur amouni; deter gknede byo1 a@liTi + veliyheoupl etk plasrgeremal ysi s
(hereafter, [CP analysis) using | CPE-9000 tur.ed by_Shi rp.
I n additi oAcig K& tedyish-shi UG 8 %‘F}%%’b‘ﬁ%%&ﬁ%ﬁ@ ;112(%;8?: ecsosn%gfﬁqear?e %alr#lv%'s
cal cul af edyh i pamtikg 1 1 ereraireeph rd¢tiemmmé debypvECP o { €dtaaiggneous
quantification in_solid) . T f 1584 4 Rresent
insolid m%%lﬁeFéFﬁgﬁgg FF&W%fheﬁgﬁﬁggggﬁugngﬁﬂgﬁ3%?%#ﬁgﬁééﬁ%y ilraj?15
f | uor escengel measuriemehi ch priopoctlieomlouc wpilelti of 488) hanadeReOAs R Abunt

determ ned_b 3 i r t £ él NSt BEGOVEMEikallitOko far, {heche
cat al yst r%%%%e¥€t?§$ﬁ%'%ggﬂcglcu ted accondingFégythe fornﬁla bel ow. 20

Cat al yst receveny immend iomassforOFRRICYE FBChT 2atdl Y RSSHIE
cat al \$t  PLES M s DI Olsdpfh FAGRY &IRF e ikt 1P122hub Exaipl ef fgcifs of the

pressure-resistant, container with an internal vol une, 25 :
| oaded wi t RreSeny BV EOW é&@e&&‘?%%ﬂo&ﬁ‘ 681”?%?%5%%‘”@%? ?r%%%c%%%

(Pol ysci engesght Nef; t@er BgRogeheocukaramist ghtta¥@s000F abn athenoepir@dus
acid cat all%gitltlagr?ed'above. More preferably 1,000 or "‘greater but 7,500
. or les.s'and éven more preferably 1,000 or greatier -b_ﬁt 5,000 or
15 less.. R | o
 [0106} | | o |

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

20 the same as those described zbove are preferable.

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

25 separation in the monosaccharide prepa;:ation 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-continuous type and the 1like) 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 Vpresen't invention described above.
[0107}

35 The membrane permeation rate of a permeate 1in the
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1.0 g of pulverized pal mEFB (obtained fromIndonesia, dried, then

pul verized with a cutter mll) as the raw materials 30 pol ysacchari des,
and hydrolysis reaction was perforned at 90C for 2 hours. After the
reaction, reaction solution and undegraded residues (lignin is the main
constituent) were separated by filtration. Wen the reaction solution was
anal yzed by HPLC, the nonosacchari des gl ucose, xylose and 35 nannose were
generated, the total yield thereof was 30%.(which neans 0.30 g of
nonosacchari des were obtained from1.0 g of raw materials). In

addi tion, undearaded. r esi dueg,ueve. vashedapi L Aethodl ovatee gadsthe wash

was recovel B IFHE Focdver e tron 5 solution and wash ,were %I% ed into
a centri f ugateconoentarater . s2ui ppErdFint @ &5 caicER et CaTe °¢sa for i us

K I, VI vasaldl Aol ANRL o 4Bty 0 dHld sBiacudaiuss ghls sulldok: th, 000;
menbrane material: polyether sulfoné; nmenbrane s#rfaceeargfz ol sand

subj ect ed REEEE WMt (DRUGE (REDDDIE) 18UREREL &HT TR Stafe whére the
sol utign vwas,.conceirated to approximately 5 m, 10 m of water was added

and centrifugal separation treatnent wa - Led | SANR
operation was fdrk u%%&ﬁ g}?“{%aélg, pF?ﬁn%%{t;/bgoﬁgg%t?%ﬁ r_?r\-/}%ga carried
out to appiexiltetiely 8nnbarabenbxr retasint 8bafl the upPeFeaiBlEom B9ty 15
mai nl'y nonpsaccharid entrate sepnt-akAbAGndmb e caldl yst
(appr oxi Jéﬁ”gc/t%?g’)y g%??%ﬁ%&%gges%%g%cgtal ysts. gonqeﬁtr tion ofetthe
_concent r ateha\as 2%t v clemhaene BoABcR r BEPBANST PPIDY PRelSY (9 rdshect

to theqinifl L QR 3(B30% o 17he satAtystion eEFYeliynegt diod wasi c@§%onThe 20
cat al ?/Lgt C%Aur‘?dog%gééﬁeécovélr ed atag hisgﬁécon gntration and W t i % ,

-recovery Talti®.described Rplveoiit r{t“Pé‘t/%‘ coht & A " thie ]-Drr}ezec%vlfe%rbg‘|L .
catal yst was-dlredasdls Wst Dod. g mfm’pak iRl do aodrmys buir e 4rpdrlst ysi s

- reaction again, \‘:’ﬁ?}a jé'gzagl é’}ifFidel d of nonosaccharides with a 25 reaction at
90C for 2 hFowrl v Gfd 9%°3%EE found that the catal yst recovered by
menbr ane separ atNde adidtd e recjolaed asritsadil Photateeghi thihgarmeate
concent.ration.operation_qr; t |4 23], Pha38hawarst@idmr
manner>t o BEARS geger@.lagg'o?gio%ﬁqaui%b's%o%%?%nﬁi% l'ignin sulfonic acid
(Al drich; @versgenentecdkatngehehprare 09P2% P or m converted from sodi um
salt form Nfdb]a” i on-exchange resin) as a honogeneous acid catal yst and

1.0 .
: IntheImmmgeneousacidcatalystseparatlonnethmdofthe

_ present invention, as rejection ratioc for the homogeneous ;cid
20 catalyst, it is preferable that the homogeneous acid catalyst
rejection ratio when a homogeneous acid catalyst—containing
solution in which the homogeneous acid catalyst concentration
exceeds 1 mass% is subjected to membrane separation and the
pérﬁeate amount has reached 10% of the liguid amount of the
25 Solutionsubjected113membraneseparation(initialhomogeneous
acid‘cétalYSt rejection ratio) is 70% or greater. When the
initial homogeneous acid catalyst rejection ratio is in such
a range, permeation of the homogeneous acid catalyst 1is
preventedsufficientlyandjj:canbedeemedthatthehomogeneous
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
sepération method of the present invention can separate

35 homogeneous acid catalyst even if the concentration of the
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g of pulverized pal mEFB were | oaded, and hydrolysis reaction 35 was
performed at 120C for 2 hours. After the reaction, the reaction solution
was separated by filtration from undegraded residues. The total yield of
nmonosacchari des was 32% - I'n 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
equi pped with a separation nenbrane (nol ecul ar wei ght cut-off: 3,000) and
subjected to a centrifuge (4,000 G 10 minutes). In a simlar nmanner to
Exarpl e 1., 1pgsachar i de9aanda £at ol yStoNes £ 5epar 8b Bde bin MY afieyn,
separ ati on. rquid anount of the 10 final catalyst concentrate s 5
m (approxbemerbyisn@f thisehemearyeeus AdchfrARILYR TWeRN BRFRALER NdS a
_concentrat{;0pn Qf ¢ L-9e LidBScM 4 A 18P er ket RBmbAkhkdlssatilli ea-41Ps4. The
catal yst recovery rati o was 90% The c%t.al yst could be rec veraend al, @ hi gh
concent r at ABAPRRAIWEME A hF ghlPe P& T8 Atk 02 CF o 28T CFER Sitp I a)

A pressuresgest séant sghassthat tte whétbrmme nneepeapatony bf Soendmiveg

| oaded with 20.0 of 10% eous lution (pH.Q, 9 f stic.
acid (nanu?%‘&?%’?‘é’gafB?dNi p qﬁ n%?g:?(r%i cég’(%’l ogrg é%mé%ngga%ném]% Ltg flél&

noi st ure canbedimeht appridd meeekpt 169y et Loy stiat ithe hemoganepPusndtdul ar

wei ght wit | st N a :hono us Aaci dogatahestizandz 41 g of
m cr ocrystggﬁ%%gy%el %ﬁejo%ge?gw ce?a?rjfgﬁuf_g@?%?ed agy NBr CE Ltd. ° : '2}5 and
sacchari f i catabnstecentanniag petibifedist Wi56e idie & &R 2SHAkKi ng
with am o : MOOSH ¥ikebed wasmB8I9% andstibge gt 8d asenabeshévi ty
was 8 (r)% Al ?%?E{gﬁ?e Cpgg%trgon t he solids repai iaﬁg;vgr??lout el ngmd,icgggl ved
vere renovePdYRERPR 1T (ida DSBRIFREPDR at%l%%ta%i & 85EFT BN TSI UT T on. The
30 sol ids yerend Yidwesn masheshoidh aapprtox petekpts0agouhtwaeer raached
~sanpl e (saccharification.solution A). was | s SO R ‘ sh
with the ?t\g[g?:ﬁ%ﬁ seoithJgFﬂ) _amount O)% t%u%%%%%??sy@ﬁf separegplg%&ﬁgg?ﬁé\% of
nonosacchaséperantoratial Y84 omagr qrardor nierepeafembly sayheprafepredhe
above 35 SagEhALLELEali-ANSohdLLoto Rl CRTbAUNNNL ¥geotot PIASRRAINGSERC
acid and 077 g of g Ucosg‘)ﬁ was added to a stirring Separation nmenbrane

eval uat i ont@reraaR: UBRCHZK [aareRsded eQ3mL Adgaht SR18AMOW Y OF BR%i pped
with the flai,shestsapibrass N Rckdhaddaupaciaied by Bott orDgnkat€orp. ;
ano- 111 19 oAV Ae By ARCDSBF U POLUSO A ot cBERAF 5t ove. monby ane. |
nano-filtr o aner’s s“a® eeur i eve nenbrane.
Subsequent |y, t heo€oneent rate =i det(isirdeatdnt dox njpeshonhgentprat #ohd

solutign A essurized t . ; { : tion,
‘and aﬁgr'ox‘%%\,\?’a@yg{ 5655 % CrufT)lia‘?"gtcteéjl 5 sI¥P Osgl%% g‘?’%}e{gc%r% ({Tﬁe@%{&?gﬁgg?rﬁg%gsi de
across fromthe nenbrane. The operation of adding approxi mtely 20 g of
water to tgﬁgggcentrate, carryi ng out nenbrane separation and obtai ni ng
approximat el'y g of perneate was repeated twice, and ultimately 13.7 ¢
of concentrate (RatalystCPéebvery solutidn 15 A) and A total of 63.8 g of
perneat e wef¢;@ptained. The acid concentration of the concentrate was '

10. 2% and the acid concentration_of the_perneate Vas 0. OOA(VCo i‘l{'}hne ca gl yst
recovéPy ratio whg tOS RPEEESTE el Yo, Boh (st on ChSriekt @) “Whi ch-was
found to beoan exér enshygbhgbusecavedy catebys81% 20 ofegreseséswathe

present in the perneate,.it s. found t . cat 0 oul d
- be separat ﬂ“%g%e%uﬁe%%gn%%alysot u%g%etq%ge‘%tcﬁ?,&la%?ﬁ gfrl'g]:sntg Litrﬂgcégldigng
step was cand G reépireskrgimsheboerdgenasu s catied AkiteH YEG. 0ogcentraglon
catal yst reeoverYrsQhusLNtA-APL2ined gapLEREvERY.2 . 0 g of Avicel, and a

hydr ol ysi s
30 [0111]

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

35 above all, a mode in which the homogeneous acid
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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 catal yst recovered by nmenbrane separation
coul d be recycled as-is w thout undergoing a concentrati on operation or
the I'ike. 30[01251 (Exanple 4) Simlarly to Exanple 3, saccharification
reaction with phosphotungstic acid as the catal yst and nenbrane separation
experinent were carried out. However, this time, the flat sheet 35
menbrane NTR-7410 (manufactured by Nitto Denko- Corp.), a nano-filtration

membr ane, }é@%aﬁzgg— n 0160 B4 @CHhATI oH E¥et AR BAN:gAS Acorpulihdafith
carrying out t menbr ane separatjon steg, 81% of c&t al yst vvase{e%%oevaered
in the condeRPAgcElandwe2as Qi ubod® WAk t&Edvered'th RE pgerteare,

5[ 0126] (ExapBhendit of the pheeehkulasenshaccharirtd fartbarmeaet i@mags

carried-out simlar]y to Exanple 3 but usj % s. sol:ut Lop.;(pH 0. 8)
of pol yvi nyl ‘@lﬂqkbﬁk% %%‘%&Hﬂ‘?&&“@r%ﬁﬁ%é ?%g&%ﬁ%%@é téggcl)o&l_é
conver t4 ngpirateraed deflosariménh ah tha-predamyel ¥eyiti:oraver age nol ecul ar

wei ght : 2@521\2@5 the catalyst. Wth a reaction at 165C for 1 hour, the
gl ucose vyi s 25% and sel ectivity was 80%, Furthernore sim

. - larly to
Exanpl e 3, a menPheme isepar MEGH VST Wagiferierined Ry rﬂfrf@ﬁ@tﬁ?gﬂg% a
resul t, 73%:qfLatalyst bapmd Reeres adlicBul Ae wranEens £ ar,® Endransof -
gl ucose vvag/T%eh&C)éeged,%n t he per rreate.e&hfu(?)a] .(Cﬁran%lr 6t_A Ocnefl,-ljl_'ll‘lljgig
sacchari f i €éatFehie@aciTonthes CFREIGIS 2GS i 1% Eﬁ/eufo Ecahpt € ut
usi ng1@ 2% agueoss. sol ution of poly (styrenesul fonic acid/ maleic acid) .
(copolyner at 1:1 nolar ,ratio; manuf act up

Al dri_ch;
Converting into HePEFEHA W th HhHSh- eX(}*fﬁ% Difa ) U EnUS R A dRlous

1ange resin; average nol ecul ar
wei ght; 202808) @ adllyestcataltysiining t kodutéant iMEAINIZEC £BF PHHARSS 25

the glucose vield.was. 22% hegt iithwes 49%0oFyxt herdore s Seadarly
t o Exanpl ecﬁp%u%%n%%%ﬁe&{sggg%%%% gt eltg was perforned but this tinme the

er
ultrafiltracpanatepsu chv MomAKeBBDY Merch SeFar¥atuyeRard teer g5 edi pped -
with ag ul {rafid prakbap {Rebsa06n( ARy her®irbas SOBhemMbackwiedobytiRal |-
Cor p. was used 30 duri n(g menbr ane separation Aga resulét%ncgﬂﬁ]ng -
out the NERBIAREC SEPERAMIGN Bt HY UGG Etal y5t "WasPTERTVEIEY Th The
‘concentr atgramt 8180l cHdmgasedds iecuer eddnye,hit peEmbat@on$ 0d28id
(Example 7), 35Pa] m EFB deni nefal (31190 BRgDerLeelid! oot aomyal yid e
| 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
theorganiccompoundahd:xﬂﬁentcbuhdbeseparatedefficiently
enough. More preferable is 80% or greater and even more
25 preferable is 90% or greater.
‘Note that the membrane permeation ratio of the organic
compound 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 homogeneous acid catalyst
efficiently separated by the homogenecus acid catalyst

35 separationn@thodofijuapresentimvention. A homogeneous acid
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was carried out. That is to say, 2.0 g of pulverized palmEFB (dry) and
20.0 g of an aqueous solution of 2% sulfuric acid were |oaded into a
pressure-resi stant container and heated at 125C for 3 hours. Thereafter,
the liquid content and the solid 5 content were separated by filtration,
furthernore, the solid content was washed wth water. \Wen the recovered
filtrate was anal yzed, the generation of 0.4 g of xylose and 0.03 g of

gl ucose was observed. Meanwhile, the solid content (wet) was placed into a
pressure-resi stant container, 2.0 g of phosphotungstic 10 acid was added

as a catalyst,, furthernore, r t 2 Qe iinkg t ot al
react ants. g%‘%l]sy%§eﬁéjé’teeréf g&%@&c@F?ggﬁg%%%ﬁial gé)téﬁgfﬁqn W t 12% oi |
shaker to @mmogmna,ohydx@l@ga@a%’@@.uwt@ﬁéc’rﬂ%ﬁe&ﬁl%%ﬁgi% St

anal yzed, 9806 9nf & Bhe BhegbicOSRamaS pbser yedo Jheremfiber, the
15 solid c%%%én \Aélalgtﬂlre(ca&rmveg by si?n'(laar met hods to Exanple 3 to obtain a

sacchari f i B $omt sOIRN kNS - Subsequently, separation step of the
monosaechari de anyl t¢at AbyshepeeSeNhcid ddtmisadchacolecgt Fehispl % on was

erformed. The nmenbrane separation was carri t i Skl er to
0 the et HORR HESBPBA0'S AoRRRErRe S STararay Sl egh e Rl Bl SR
(manuf act uf e dvibeNittico hBeickenGons. houds casetlysls commuetd Forieipeeds
membr ane. @ﬁlaggr%jga“s: %e%{%esqlg:é &) $ERALAN-0R s 5h A% 0fn PRGSRIIrHIASLI C

acid was r ncentrate (catal yst” recovery solution B) and
90% of gl usmse prastaneddweried B0 PHeIDSAFRYF HESt 8VCANMRXE rRhet §” +S

catal yst rgcovery 10, was obtained. {0129] (Exanple 8) Subsequently to
Exanpl)‘@ 7,%;3{ c%a?{/ég% recycling step was 30,.carrjed out. PalmEFB was

B S
prepar ed, whi ch Nefs thhedt s SOTRSHITENE AL TR WY RC et P ETYY dqUiVal ent
net hods angd, @Mpunis: 400 Fxaimh € The aptopbxerbmidh e eataigrstouscaviat y
solution B (phosphotungstic acid concentration;. 9 t ak ped ier.
When a hyd@%’?%ﬂsY%tré‘H‘@%i“&n He herFEr il g%el%e%f%g%éogt%gurgga%feﬁﬂf
gener at i ons@fa fa i ¢h af thl tegsecthas obs diowedenPpumadid catrlyas anm@did t hat
t he catal yst recovered .b - L SE [ ' L racyel edhasids .
wi t ho un%%?%%%%géngaokh%gﬁr e?x{)éﬁ:u%p%?‘{acﬂzggaégggth??ﬁEet' [5130]. (Exanpl e
9 © pnier pressepacaesPst ant container, 20.0 g of 10% aqueous
sol ution oéoﬁpﬁphot.ungsti c acid and 2.0 g of Avicel were m xed, and a
saccharificatron reaction was carried out at 150C. The reaction solution
was sanpl ed overThg reethPdebRtr 2PRE gt i¢ B P AP I U At 41 €1 T WY, The
resul ts are.sbowsmaheRgowst hhdhe teaeliiyen cendidatdes imefablie DE the

Subsequently, solid content. was_renpved pltrati fr SRetion
sol ut #8n ai?lf%?erf%emr"é’i’&’iodhltsoao%?%?ﬂa%l%rg%:{lgfﬁgf)?fﬁeﬁ)ﬁfgg}%%??%% I'n

addi tion, sheve asiepaimbirgansxpeolpeat refmbrhieee atmWpdchaplle PHISsEeHar i de
15 was carried out usj t cehari.ti-cati 9he s A diid QY A 1S gk aymret hod
to Exanpl ep%r%?/aﬁjs?rhgf%%?-#ib%ﬁ(%g 3#%& %egﬁ%y Nitto Denko Cgr p.). as the
separ at i OnoreyHEarE; asa byt aotdy IsHpar at Tois separes ieguneahedtr % Ekanpl e

3 vere Obté%'%ﬂé fact that it separates by way of a molecular sieve using
25 an organic polymer membrane, 1s a separatidn method for
homogeneous acid catalyst that is industrially applicable,
withoutrequiringeaSpeciéloperation,toreactionsystemsthat
use a variety of homogeneous acid catalysts, in addition to
methodsofhydrolyzingpolysaccharidesusinga}mmmgeneousacid

30 catalyst to prepare monosaccharides. ,

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

35 alcohol oxidation reaction; acid catalyzed reactions such as

b1



[0131] 20(Exanples 10 to 14) Hydrol ysis reaction of Avicel with
phosphptungstlc acid as the catalyst was carried out under various
conditions. That is to say, it was perforned with nethods simlar to
Exanpl e 9, but the phosphotungstic acid concentration, the reaction 25
tenperature and the reaction time were changed to each of the conditions
indicated in Table 1. The results are also shown along in Table 1.

Al though the glucose yield increases with reaction tinme selectivity
decreases. This is due to excessive degradation occurring. Fromthe

results of Table 1, 30 sel ect t b
catal yst COWRSEHETZR TR hF§%§F£¥%x§H§aZ“§C§UOQ%§ %0 P%%%piaﬁ s%ﬁe:&r%%}ﬁé}'sané

ext ent of agdﬁmﬁﬁ ydiehjzlc)lrathoxaddr\éaomomhenEttherrléa@tﬁit@ﬁﬂterﬁ@@céit% was. .

hi gher, selectiv |
and 11). ﬁe?&t Ju’fls% y8s, al so Lound,fo be betbge) (eompRL! son [Rfadeeamml es 10

Saccharification solution qbta d,
when a nermrlammﬁleq:mmn oneaeip@lﬂl rEst BT HEs kit AE§SEIaRd J‘rﬁ‘f(r)}é’sdalél %nearl de
was cagried @éa%dﬂa'ﬁrfl@%tt%ﬁsrégca@ﬁHﬁ@ Be satieafl acunsyy sepasst i on
resul ts eqw va ent to anpl e wer e obtda [RFélee] ]ﬁ arativ
Exanpl e 1)as one Pa#—’ﬁﬂel-"r‘bll%ﬂ’slﬂépFég‘éFF%ﬂ“lf’f eAE%%EIa Csag %%Oﬁensﬁomﬁ arly
to Exanpl & DWatusing Js%psalﬂaftlithmathddasftuee cat & st . 1 rRres et iion
~results are _shown in Tab

d h t
Gl ect s v,y Bra s etesr o Spibicrar et s0°iolEEnRg A SereAtdhe At
Exanple 9 d&ﬂailjshe sagsmlm&‘eﬂbn ofhen osepaaabing) thReemogsinggishe Gist ai ned
saccrr;i i f| c ti on sol t| egoa%eé%ﬂ{sat |aqﬁcpxrg;egﬂar@rgtjccgnga{1€hl(;ﬂ§ al yst

and scarrledo si‘'m | ar net hods. to Exanp
Sul furic acqlcutnwm cetnft@rth}eeca@@t?é?lfhﬁ@t@P%cé@éc’ﬁépé A6y P@ sféﬁaer%'t ed at

al'l, both %rrﬁ?% & rT87RLRRE Hansk NEd 6 o BEOVER edleoa Lhm raaticn
S|de [01?3] Qf? * amg1 | e/ nCorrparatlve Exarrple . al? us}?T

concentraﬁ@?%aéﬁpbﬁl%ﬁﬁe%ﬁ&’r@g attention 1n eceht YRhrs , and
applying the present invention to ‘such a technique has.

15 particularly important technlcal significance as blomass
product purification technigue and cost reduction technlque

In the preparatlon of monosaccharides from biomass,

saccharldes, which are the reaction products obtained by the

. biomass saccharification reaction, are contained in the

20 homogenecus 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

sepérating'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

presént invention when carrying out the homogenecus acid

30 catalyst separation,sﬁep by way of the step (A). When using

" the homogeneous acld 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 homogeneous acid catalyst separation method of the

35 present invention described above.
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Reaction time (G ucose yield Selectivity Exanple 9 10% 150C 1 h |
our 179 9
3 hours 28% 88% 6 hours 38% 78% Exanpl e rlr](:)) 30% ’ N 7% 96%

As the saccharides, for instance, glucose, xylose,
arabinose, mannose, galactose, uronic acid, glucosamine, and

the like, may be cited.

5 Effect of the Invention
(0115] _ ,
The monosaccharide preparation method of the present
'1nventloncomprlsestheconstltutlondescrlbedaboveandallows
monosaccharldes to be prepared eff1c1ently and economlcally
10 from an inexpensive biomass such as 11gnocellulose, thus, it
is a preparatlon method that can be used sultably as raw
materials to prepare chemlcal products such as ethanol,and
lactic acid. ' ' i
'In addition, the homogeneous acid catalyst separatlon
15 -n@thod of the present invention comprlses the constitution
described above and allowing a homogeneous acid catalyst to be
separatedfromjahomogeneousac1dcmtalyst contalnlngsolutlon
with high eff1c1ency_and_a high homogeneous acid catalyst
recovery ratio to be obtained, ‘at low energy cost.
20 o ‘ | |
BRIEF DESCRIPTION OF THE DRAWINGS
[0116]
[FIG.,l]JFig. 1 shows one example of process flow for preparing
monosaccharidesfrombiomassusingaiumwgenepusacidcatalyst,

25 and for recovering the catalyst.

EXPLANATION OF NUMERAL (S) AND SYMBOL (S}
[C117]

a:Pretreatment(pulverizing,Iuﬂ:watertreatmentandtﬂxalike)
30 b: Saccharification (hydrolysis of polysaccharides using a
homogeneous acid catalyst)
c: Solid-ligquid separation
d: Membrane separation treatment (molecular sieve membrane)
e: Thermal decomposition treatment -
f

35 Elution treatment
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150C 30 minutes 29% 93% 1 hour 38% 87% 2 hours 44% 74% Exanpl e 11
30% 135C 1 hour 17% 97%

10

15

20

25

30

35

BEST MODE FOR CARRYING QUT 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. Note that,
unless expressly stated otherwise, "parts" means "parts by
weight” and "%" means "mass3".

[0119]
_ The 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'(HPLC}. For the column, TSK-GEL Amide80
manufactured by Tosoh C_orp. was used, and detection was carried
out with a refractometer (RI). Thevyieldof the monosaccharides
was calculated according to the formula below:
Monosaccharide vyield (mass%) = total mass of generated
monosaccharides/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
cellulose, and in the case of palm empty fruit bunches (fruit
bunchesafterremovalcﬁfpahnnut;hereafterreferredtx>aspalm
EFB), the dry mass of raw materials palm EFB.

[0120]

(Quantification of by-products)

Thequantifiéationofknﬁproductswascarriedoutbyfﬂmc.
For the column, TSK-GEL 0ODS-~100V manufactured by Tosoh Corp.
was used, and detection was carried out by using an ultravioclet
spectrophotometer (UV) and RI. The monosaccharide selectivity
of the saccharification reaction was calculated according to
the formula below:

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

by-products) x 100
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3 hours 30% 89% 9 hours 40% 71% Exanple 12 10% 180C 10 m nutes 50% 75%
Exanpl e 13 5% 185C 10 minutes 47% 78%

By—productsarefurfural,hydroxymethylfurfural,formic
acid, levulinic acid, and acetic acid which are generated by
overdegradation of monosaccharides.

[0121]
5 (Quantification 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
ICPE~-9000 manufactured by Shimadzu Corp. In addition, the

10 in-solution phosphotungstic acid concentration was calculated
from the tungsten amount determined by ICP.

(Catalyst quantification in solid)

The amount of phosphotungstic acid present in solid was
determined from. the tungsten amount determined by X-ray

15 fluorescence measurement (proportion occupied in ash) and the
ash amount determined by ash measurement.

(Catalyst recoﬁery ratio)

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

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

{Example 1)

A pressure-resistant container with an internal volume

25 of 15 ml was loaded with 9.0 g of a 30% agueous 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

30 polysaccharides, and hydrolysis reaction was performed at 90°C
for 2 hours. After the reaction, zreaction 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
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Exanple 14 1% 200C 5 m nutes 21% 93% Conparati ve Exanple 1 1% 150C 3 hours
19% 86% 8 hours 27% 70% [0134] (Exanple 15) 5Saccharification reaction
of pal m EFB and cat al yst

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; 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
treatmentwascarriedoutagain. ThesameoperationwasfUrther
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 conceritrate was 32%, which was
a concentration of 1.1 fimes with respect to the initial
solution (30%). The catalyst recovery ratic was 95%. The

20 catalyst could be recovered at a high conhcentration and with
a 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 agairn. 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-1is without regquiring a concentration operation or the like.
[0123]

(Example 2)

30 in a similar manner to Example 1, 9.0 g of 10% agqueous
goluticn 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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recovery were carried out by the series of processes indicated bel ow
Pretreatnment step (1) (hot water treatnent ) : first, the operation of
elimnating soluble salts by hot water treatnment 10 was carried out
(desalting step) . That is to say, 12.5 g of pulverized palmEFB (10%

wat er content) and 50 g of ion exchanged water were | oaded into a 100 m
pressure-resistant container, the container was seal ed and heated at 150C
for 30 minutes. Thereafter, the reaction solution and the solid residues
15 (designated by residue A) were separated by filtration, furthernore,
residue A was washed with 20 g of wate n the recovered
reaction flqetaﬁhttléﬂaﬁalﬁﬁéoﬁa‘éﬁ%ss%@@%?fg%’ ngB{}ag@n @f?rﬁ&néﬁ gi5oed
generation r@fﬂwawhartdealvvgaemhselfvmdnosebuhammdes wabuBE&.sal ts such
as potassium sodium, calci um an S o} i

Pret r eat nent steg n( 25d¢ %ﬁPﬂfeug H%%%%a%fgg]l?ﬁéat‘%% ﬁ%h%%e"ahg}lﬁ ;rl,l
deconposi t icdh waftelreaindekhal @sehbyadl racevsrsgl f Uil wqul‘r%tﬁﬁlﬁﬂ - dds
carrieds out, ( e I r‘p&oé/ t et i prgwmergjrarte;s@ due
A (25. 6 l\%&?gﬁl \%\\gg ‘gé%l ?151%&{3)13&;5?&({5%1 aci.d %%d 36, 6 ur e
wat er wer e emme(df Whih acéﬁ@éﬁﬁﬁaprlofﬁela‘?r%ﬁ?f molechdpd: el 9oy ‘at ed

in a pressu gu9shalanin il i&@raa:terﬂtﬁ@ﬁfdgﬁ (4, boorG, 10 ﬂhﬂueaﬂer It he
reaction sol'ution and tHe solid ues desi gnatg baqu Eg @)w V}%
separ at ed BySiPHRETPORET Y tEFfé r TOHCE 85T WS “Rasheéd W Th 20 g
of water twe@gra\ﬁhﬂlﬂyheaemmmwbpmtlm flﬂmerdileluardd ammashiescheer e
anal yz neration.of 1. 0 g 0. of
mnnosﬁgm%e@ﬁsletc 3’ lyst Conggglf('::ﬁ)a%{_’lef ?v%ast ?’b%‘lst(ée%p %tﬁgégeo %g('?) thd
treat ment ) casudsedueniopn teeltighosess d&&harhf FEay e r%ﬁf%ﬁr%ﬁ%?ﬁ of

het er opol y?C'fd taﬁné‘satv?:l.wtr%eE@r 'EbGQh%Utlnl-EQatlh%&rﬁﬂlrcﬁl appesf . ofThe
residue B (2 wat er wet g of hosphotun stic .20 aci ﬂdasbthe
cat al yst aﬁ@t@ﬁy@tg éﬂec‘bﬂ?éymétaetrl%}“’és 0y (fFH8| afd

catal yst: G%oovaiddeat ed @igl766ntent8ahauns andheteafl temhidthers@action
solution and the solid residues (designated by residue C) were separated
by filt?atiféti%Furthermore, residue C was washed with 20 g of water twice.
When 25 the[OriL@mqvered reactlon filtrate and the washes (80.5 g in total)
wer e anal yzed, 9€ gf a total of 1.8 g of glucose was observed. In

addi tion, fromthe re ts of I CP nmeasurenments, 2.1 g in total of the
cat al yst phosphomngsssuracrﬁsm§aﬂ§®ha$% Hod tdecdehl 3 inRETr &2RIT b

filtrate ang Bh%ﬂ"%%@e%ééé%ﬁm&'@to 30g0fs |1@%d§<§u6@§§|sb$ﬂ@tld\eqpm1@)’
when reS| due C dried and p hosphotunrg@,%l C,_aci uanti f

amountZreasifr WP%%HUIW%%%%S@@H& g o‘f)ypﬁ]g?@?& u%%%ﬁ%ma%l d
was found i@ ke PEeasSieshi dan I’(R:S.I duedC; (PﬁB%;aﬂmlruorﬂ:feritoadeﬁbp:a@aimats)ly

Ph hot f d dsorb 5
(Exampl e 1005 | 25 CeqPhmy AR PEdoler Yorrom r ASAE Bhetol HEraR U ot he

reaction salaitdtonreabt2fiaigd = aE)@@tde@eIl@Olls h@cué)eqﬂ%ﬁtabms’@fam‘éc%v%r@n@f
phosphot un Stér%%arﬁ}sdcafl md Elslﬁﬁ%fs'e%feéyt &rfa@m%%t@r%@rksy @@x@ﬂ Led That

is to say, mxed sol ution of reaction filtrate and washes
obt ai n28l | mrticheaheteropotyadipd neze@tmmnma@rp@x%@m@ a5, 13 QL PEMEARHET ng

1.0 g of pRASPROLUNASHF A E@‘f‘q}le_l_ %rga}@afr gl m&asghwsaybpeat edst B73%
[ ane

menbr ane separation_simlarl i agy @§| \?\%gft parati gn mempy

NTR- 7450. BOH&OREy 8LUCPRE B PEEAGAT HBFt? %o quSS‘F t3Fe &Ad the

operati on pESSIH ermalﬁlﬁgl\/l%&tmsma besunlt ,dfxro lpreas phetrangsmaveatidy 99%

or greater was recovered on_the cong tion, s f se, % or
% glon bt%.l rzlj &%n\g{% 95}1:"9][9 fs TIQQ

greater was o Rie® pefireati on Side. phosphof ungsti c
aci d was 1%«onbertrat £artive8%a JIHIB6H thErappPeingyely 50 g of water and

a sample (saccharification gelution A) was obtained by

combining the wash with the reaction solution.
Subsequently, a separation step of monosaccharide and

catalyst was performed. That is to say, 40.7g of the above

35 saccharificaticn solution A {containing 1.4 g of
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Catal yst recovery fromsolid residues (organic conpound thernal
decolposition): catalyst recovery operation from 20 residues by thernal
deconposi tion of organic conpound was carried out. That is to say, residue
C obtained in Exanple 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

di sh and heated in a nuffle furnace at 450C for 1 hour. Note that air 25
was supplied during heating. After heating, 0.15 g of brown residue was
obtai ned. This residue was added with 1.0 g of pure water and stirred at

room t enper.at ur for ehut e trery )€ &S nts and
subj ect ed £ OEQ%P %?L%&ggﬁéhgﬁeészp rﬁgfagﬁﬂggﬁir cent%???f t4%§fwas

recover ed. SthESlﬂg(ﬂﬁﬁ&ﬂ&&ﬂPWw@emhFﬁﬁérQQﬁ%%ﬁR%TWV@E%@%%Bu%
‘L‘Epr gx'lrlmt elln% %f%c%r%tiu%gzeg\&%%n@%alc@ed 1Mken thjus ppledatid thas handllypred by
g of phosphotungStic_a rve recover 9@ The
retention ﬁﬁﬁ@tlweﬂﬁéaEé §ﬁ§r9é%§ WE?”P%%C % %gsKD§§%§I§§%% ‘dnd no
i;{ gIC; g!tf, al nﬁlgtsegﬁam 08 sfaﬁm?mspwgdthsmmwma, Rt oega b pe Lve )t he
thermal |y g%c%%% Fﬁgs¥%§l%§53hfc congguL§%9F§ Qgi %Eggﬁ%%%ghﬁgskgggggby
5Cat al yst meodwremny: . erubseguduEEQLWEsea@ﬂ@ﬁpté@tﬁﬁﬁékﬁ side containin
saccharification solution A) was pressurizedto 0. 3 MPa to carry
out membrane separation, 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
cohcentrate, 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 & 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, it was found that the
catalyst and glucose could be separated with a membrane.
Subsequently, a catalyst recycling step was carried out.
A glass bottle was loaded with 10.0 g of the catalyst recovery
solution}&obtainedearlierand2.0g;ofAvice1,andaihydrolysis
25 reaction was performed at 150°C for 6 hours. The glucose yield
was 38% and selectivity was 78%, which were equivalent to the
first reaction. FKrom this, it was fourid 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 (manufactured by Nitto Denko Corp.), a
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various tenperature conditions. The recovery experinment was carried out
entirely simlarly to Exanple 17, but the heating tenperature and tine
were changed to the conditions indicated in Table 2. The recovery ratio of
phosphot ungstic acid is shown 10 along in Table 2. Note that in
Exanpl es 21 and 22, which uses high tenperature conditions, there was
al nost no recovery as phosphotungsten. It was found that under high
tenperature conditions, phosphotungstic acid undergoes dehydration, 15
?ene{aglngtaungsten trioxide. Thus, when the residues after heating were
reated w al ka uegqu | ut i f sadi It S
f ound thatn??omgﬁktFﬁ%ég %E%%%%Htgﬁfghu%ﬁ% o qﬂ?$y@%8%gggérrgé§3§red
[ 0138] 20[rabbeali - ExXasE eesieéh@f@ ceamydrst Qidé %%tﬂ%rﬁrﬁseparatlon

Phosphot Unggggc %%f BERUEL X" fL5 O RefRI ks BrarRkecdic 4506 de hair 985% -

Exanpl e 18 ours % -
of glucose was recovered in the permeate.
5 [0126]
' (Example 5)

A cellulose saccharification reaction was carried out
similarly to Example 3 but using 1% aqueous solution {(pH 0.8)
of polyvinyl sulfonic acid {manufactured by Aldrich; used after
10 converting into acid form with an ion-exchange resin; average
molecular weight: 2,000) as the catalyst. With a reaction at
165°C for 1 hour, the glucose yield was 25% and selectivity was
80%. Furthermore similarly to Example 3, a membrane sepakration '
step was performed using NTR-7450. As a result, 73% of catalyst
15 was recovered in the concentrate and 90% of glucose was
recovered in the permeate.
[0127]
(Example 6)
A cellulose saccharification reaction was carried out
20 similarly to Example 3 but using a 2% aqueous solution of
poly (styrenesulfonic acid/maleic acid) {copolymer at 1:1 molar
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 yleldwas 22% and selectivitywas 79%. Furthermore,
similarly to Example 3, a membrane separation step was performed
but this time the ultrafiltration céps‘ule Minimate 65D
(manufactured 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 FEFB demineralization and hemicellulose removal step
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Exanpl e 19 400C 1 hour 20% Exanple 20 500C 1 hour 70% - Exanple 21 600C 1
hour. 1% Phosphot ungstic acid recovered with alkali treatnment Exanple 22
1000C 1 hour 0% Phosphotungstic acid recovered with al kal i

was carried out. That is to say, 2.0 g of pulverized palm EFB

{(dry) and 20.0 g of an agueous solution of 2% sulfuric acid were

loaded into a pressure-resistant container and heated at 125°C

for 3 hours. Thereafter, the liquid content and the solid

5 content were separated by filtration, furthermore, the solid

content was washed with water. When the recovered filtrate was

analyzed,thegenerationof{h4ggofxyloseand0.03gchglucose

was observed. Meanwhile, the solid 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 Lo
obtain a saccharification solution.

Subsequently, separation step of the monosaccharide and

catalystpresent:hlthesaccharificationsolutionwasperformed.

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 Denko Corp.) was used as a molecular

sieve membrane. As a result of menbrane separation, 99.8% of

phosphotungsticaxﬁxiwasrecoveredintﬂuaconcentrate{catalyst

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

25 permeate. An extremely high catalyst recovery ratio was
obtained.
[0129]
{Example 8)

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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treatment [0139] (Exanple 23) 25Catal yst recovery fromsolid residues
(organic solvent elution): catalyst elution experiment fromresidues by
organi ¢ solvent treatnent was carried out. That is to say, 0.1 g of dry
body of residue C (containing 0.027g of phosphotungstic acid) obtained in
Exanpl e 15 was mixed with 1 m of an aqueous solution of 50% acetone and
stirred at roomtenperature for 30 mnutes. Thereafter, solid-Iiquid
separation was carried out by centrifugal separation and a supernatant
(eluate) and solid residues were obtained. Simlar operation was repeated

tw t

B T A B S L B
phosphot ungst tecagi«t was isbsetvedt (Urstongeriya atQQiICQ?S%atJF?TbﬁP?HF‘§10Pt was
found that tthcag%E§st phosphot ungstic acid could be recovered by acetone

el ution. anples 24 to 28) Cat al yst el uti on exPeri
. ment s
wer e carrlédlaaﬂ Wth various eluents to investigate the influence of

Eg;xgrtSSQecies tﬁ%ﬁﬁ igepfs were carried out entirely simlarly to

e excep at various eluents were used d_of 20
sol uti on of 50965@é%Bﬁ@sspﬁeoﬁﬁﬁ?i¥6”3188?%918§¥a5ﬂ§§ﬁ%f g:ggn gﬁg%g%20|es
di ff;ar ePc;a%olghg@ﬁ][m pngs*lphatamg@teldmzm anat 2 0% gwef 8vdorparede atixelfe tine
poi nt o e end of one el ution operation., The r t I i bl e
3> Note.t hand 7 PSR st O ERRRT & S8 B UCt o g GuT Lo
be as 25 tm@g&tabe.$¢&uti@ﬂ4&¥s@@Umﬁ@@b@V@étEw%hﬁpe@e?séﬁﬁ1§¥3g ucose

Catal y e&‘i%ig”a%p&éw@{éiél re SRAELriedh o Sidridrsihy dierdanmie 23
usi ng te an aqueous sol tion of 1% sulfuric 3Q acid.,.The sults
are shown tegethen tandabiens. 1oy TRPKEL &r attPEAYRIY %cy'acﬁool C{]ﬁ@ NESERT yst

was found {9 .3l oRstedy &liuteatliQ2hohTant ecdlcticbxaophelsConpae attihee
Exanpl e
reaction to obtain a saccharification sclution. In addition,
when a separation experiment of the catalyst and monosaccharide
15 wascarried oﬁt using the saccharification solution by 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 Example 9,
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 yield increases with
reaction time selectivity decreases. This is due to excessive
degradation -occurring. From the results of Table 1,
30 selectivity was found to be better when the catalyst
concentration higher (Examples 9 and 10; comparison in the same
extent of glucose yield). TIn addition, when the reaction
temperature was higher, selectivity was also found to be better
(comparison of Examples 10 and 11). Next, using the various

35 saccharification solution obtained, when a membrane separation
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El uent Phosphotungstic acid elution ratio (one elution operation) Exanple
23 Aqueous sol ution of 50% acetone 42% Exanpl e 24 Aqueous sol ution of 50%
tetrahydrof uran 50% Exanpl e 25 Aqueous sol ution of 50% di et hyl ene gl ycol

di mret hyl ether 45% Exanpl e- 26 Agueous sol ution of 50% et hanol 15% Exanpl e
27 Agueous solution of 80% acetone 45% Exanpl e 28 Aqueous sol ution of %
sodi um hydr oxi de 81% '

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 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, mémbrane separation experiment for the catalyst and
monosaccharide was carried out by similar methods to Example
3. Sulfuric acid, which is thé catalyst, and glucose were not

15 separat@iatall,bothpermeatédthenmmbraneandwererecovered
on the permeation side.

[0133]
[Table 1]
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Conparative Exanple 2 Water 3% Conparative Exanple 3 Aqueous sol ution of

1% sul furic acid 0% [0143] (Exanple-29) Saccharification
experiments of palmEFB were carried out by the series of processes
i.ndi cat ed bel ow. Pretreatnment step (1): dilute sulfuric acid

treatnent for the purpose of elimination of soluble salts and
hem cel | ul ose degradation were carried out (hem cellul ose renoval step).
10 That is to say, 24.0 g of pulverized pal m EFB (10% aqueous body) and
120 g of an aqueous solution of 1% sulfuric acid were |oaded into a 200 ml
pressure-resi stant container, the container was seal ed and heated at 150C
for 1 h](c)ur | Xatranrgletoﬁe reactlé)n Isol@utl on \é/as anal yz¢d by LCé;eneLati onj of
4.8 g of x 2] 1%agphs uBezdiomn oo e PASEa1d 1 OkaLctivit
nonosacchapi cﬁgzarﬁt%e mﬁfﬁﬂ@b@’@#ve%?gqlgﬁg&%d%r fhe reactio%
sol ution al ted b"‘i'”"“““ —H-therere] the
resi dues were washed

g of water t htkwrt i fes. 1¥%en { he $8%i dubs
after washin sUbj gefopd tio vasym drying.t/0¢ 2054 ho;rs)agcﬂbS 4] g of
solid (pref rgx%gﬁ)cfegE -1) was dbtai ned (ve+rght l-Jy: el-d—based—oh uuu_y
719 . Pretreaf ment step (2): subdeqidwtisy, |acedde t eat%%ﬁt fbr
the purposg of elTm
step). Thay is to s

atton of Tignin way GggrLled dut -gddel gmé;@:gatl DN
fracti onat ¢dgxampix g

, fromthe obtai ned-—pret+eat-g¢e—E=F—1;
oac%?%ne
| oaded intp a 50 m

i t BORO nl| of T2 Cagyeoushu®| utli on38% 50
ressure-riesi stant dontgipar, jandshgat {reajpgpnt ht
120C for 5 e aul;ullqulu~cpulaLIUII
carried ouf by fil tr solid redi dubbovperd wash®d with B0 bf
g of solid|(pre S obt ai ned—210cat-Hyst—adsotption
experiment| the entife anmount |of pretreated? HepB- 2 obté@?ﬁad in the%abole
T < T TTote CJ. I\IL\/I !\,L LIl ol.olllu QLIII, ‘ITH”
amount of u’qbemﬂaﬂanl waS%s ubjject €850 L{C 1amiwsi 4, tHhéY%15 ¢oncéhtr at on
of free ph )SQ alqus I'C agl d Was geber pﬂnegmlnggg

r-‘l' Thnrn ff ar anl i | =T was
pure water tﬁia%? af t prspei nNg ssqp)bgcted tgo%acmm aydgng, | 0. 81
r eat i
step was nfxed S q“ (f 1g@,.prSphoty|@g,sti ¥
aci d and hea%éﬁgw ol P :
erugq%of Phosghgt unpsti c

’\ ovlen ot

agi d adsorpe Fea was—cacuH c;;hcu Ag—a ;S(:";ult thseﬁo/
adsor ptiongrn S o ours Gl 6
i (%E::n%?:‘\f% % 190 8 hours 27% 70%
[0134]
(Example 15)
5 Saccharification reaction of palm EFB and catalyst

recovery were carried ocut by the series of processes indicated

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

operation of eliminating soluble salts by hot water treatment
10 was carried out (desalting step). That is to say, 12.5 g of
pulverized palm EFB (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 150°C for 30 minutes.
Thereéfter, 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 géneration of monosaccharides was observed,
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Cel | ul ose saccharification experinent: after the above catal yst adsorption
experiment, 0.4 g of phosphotungstic acid 20 was added tb the reaction
solution, so as to bring the catal yst concentration to 5% Then, heating
at 150C for 12 hours, saccharification reaction of cellulose was carried
out. The anpunt of glucose generated was 0.16 g. Catalyst recovery
experinent: catalyst recovery fromthe 25 reaction solution was carried
out. That is to say, the saccharification reaction solution obtained in
the above saccpalri fication experinment was subjected to solid-Iiquid
separation dltr and oI|d resi dues were washed w f
pure water € 3% -een gé%’é‘ﬁ on FFﬁ“r%h 85N e Wets 8§ ~36- m%%]le&%%éﬁ

whi Clh 4? ginw@sé;uiefl WQscablsyzmu’edphosphotungstl c acid recovery experi rrent
simlarly to Exanp ne.:

ratio of the cata wars—I 99 et 10 " 't & a4§9€apﬂ%nrt Z;)very
A series ofubgpauentiys méﬁ@omplsllédo@m o mhleﬁlrllcﬁlt @lES?&rrplbé’ Zgill%ﬁtte

changi ng the¢anditi ong t&fea%@etnrte%mrﬁ@poﬁz) herhi@é?ﬁﬂl@ée 5@¥naedt one,
a variety of treatnent solutions and tr atrrecg%?%nsgté ns | ated in

Tabl e 4 wePéeBied. TRV EML1FS ATRKRIPE BAST ddo? t“Tao prowet
eX|t0ﬁrl {Tent b\é@§)980r25dg0@f samedi atehyi dsang 1606gg aff pneter eatted BEEB<l

W out carr, g retreatne ste 2 .resul syar

Tabl e 4. léﬁﬁg fjg ‘?iftcf?:ﬁ eﬁ“etr}?ncr ngl%t%e% rrenfza%tlhqgt He% Rﬂnagrtl& %:é{g&rﬁdqn
such as Or gani £ golasenird-reaiimninandcaltadlernt reat MemM°C  £0rdekr éases t he

cat al t T 4.
oIV SO R e LA bR ton GRS AR fproucicaxme men

(deszgnated by residue B) were separated by ratlon;

furthermore, solid residue B was washed with 20 g of water twice.
When the recover:ed rreaction filtrate and the washes were
analyzed, generation of 1.9 g of xylose, 0.1 g of glucose and

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

subsequently, cellulose saccharification reaction with
heteropolyacid as catalyst' was carried ocut. To the entire
amount of residue B (21.6 gwater wet), 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 residﬁe C) were separatéd by filtration,
furthermore, residue C was washedwith 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 quantified rby ash amount measurement
and fluorescence X-ray, 1.8 g of phosphotungstic acid was found
to be present in residue C (45% amount of loaded catalyst).
Phosphotungsten was found to be adsorbed on solid residues.

35 [0135]
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Saccharification experinment result, G ucose generation anount 9V0 28L O
2CL 0 LL- O Not perfornmed 291. 'O Catal yst adsorption experinment result,
Cat al yst absorption ratio %89 %6C 37% 9®1. %Be Treatnent conditions in
pretreatnent step (2) 120C, 2hours 1 20C, 2hours

(Example 16)
Catalyst recovery from reaction solution: -using the

reaction solution ¢btained in Example 15, the operation of

recoveringfphosphotungstic:acid_fronlthe reaction solution was

5 carriedout. That isto say, fromthe mixed solution of reaction

filtrate and washes obtained in the heteropolyacid treatment

of Example 15, 38 g (containing 1.0 g of phosphotungstic acid

and 0.9 g of glucose) was subjected to membrane separation

similarly to Example 3 using the separation membrane NTR-7450.

10 However, the operation condition was room temperature and the

operation ptessure was 0.6 MPa. As a result, for

phesphotungstic acid, 99% or greater was recovered on the

concentrationsideandforglucose,90%cn:greaterwasrecovered

on the permeation side. Ultimately phosphotungstic acid was

15 concentrated to 8%. '

[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 450°C 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 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 ratio: 85%). The retention time in the LC analysis
was the same as a fresh catalyst, and no structural alteration

35 was observed. From this, it was found that the catalyst
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S.mouz '0003 1 50C, 2hours 150C, 3hours | Treatnent solution in
pretreatnent step (2) Aqueous solution of 50% acetone Aqueous sol ution of
50% acet one containing 1% sul furic acid Aqueous sol ution of 50% acetone
cont ai ni ng 1% sodi um hydr oxi de Aqueous sol uti on of 1% sodi um hydr oxi de |

Aqueous solution of 2.5%sulfuric acid Not treated Exanple 2
30 Exanple 31 nple 29 | Exanple

phosphotungstic acid could be recovered from solid residues by
thermally decomposing the organic compound.
[0137]

(Examples 18 to 22)

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
inTable 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 waé almost no recovery as
phosphotungsten. It was found that under high temperature
conditions, phosphotungstic acid undergoes dehydration,

15 generating tungstén trioxide. Thus, when the residues after
heating were treated with alkali (agueous 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 ﬁrﬁe PhOSphOtungSt'? acid Remarks
temperature recovery ratio
Example 17| 450°C | 1 hour ~ 85% -
Example 18| 450°C | 3hours - 90% =
Example 19| 400°C 1 hour 20% —
Example 20| 500°C 1 hour 70% -
Phosphotungstic acid}
Example 21 600°C 1 hour | 1% recovered with alkali
treattnent
: Phosphotungstic acid
Example 22| 1000°C 1 hour 0% recovered with alkali
treatment
10139}
(Example 23)
25 Catalyst recovery from solid residues (organic solvent
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Exanpl e 32 | Exanpl e 33 Exanple 34 [0146] (Conparative Exanple 4) A
saccharification experinent was carried out simlarly 5 to Exanple 29 but
using sulfuric acid as the catalyst. That is to say, after perform ng up
to pretreatnment step (2) simlarly to Exanple 29, 10 m 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 anount of gl ucose generated was 0.08 g. Subsequently, a

catal yst recovery experiment using NTR- 7450 was carried out; however, the

cat al yst sul furic aci dg\%\/\?gsg L}rigjgoo%g%e%lﬁh[agltlfr%%}%é]éﬁ%%%%g@&] | ngi%g to

37) Psim arl y .
vari ety of Mv@tﬁpalryead:mé&tas:atsheaq:aualdygut THehat sig > a#AY expel idnétt s

were carri e(f step % arly 4.2 @qrq}g.jrpca.?iz}%(n\@ theut; 31 YHMEMEtungstic

pretreat men but using the 20 het’eropoly aC| ds |n icated in Table
5 instead efcishosphetnagsinExuiRlast Wé‘scla%fé?@ﬁlﬁrh]{ﬁé t 3P yFuIeous

adsor pt son &XRRIHISERE Gl af'c,eé’ddﬂé)%@ldsQﬁﬁbﬁé&fdtﬁQ‘blo@lntémpeltanﬁlﬂte £Thes0
results are shown to%et her in Tabl e

phosphonol yHdiideci d* ReFe2fbftif a%‘?{ﬁ(gdlb?u:l\ﬁi psﬁg’:?rly lﬂ‘:pglghung%%}f%%?%:ﬁu‘%
Chemi cal Cayy cbhérifagdlbosed tuigsdn (arx'ﬂi:adswg&srraatmmpaleédapﬁddand sc[JOLrhg]
Usi ng. pol y SR FBRFc LT BieFhars 15 T Sor L E 6 Y 8 Tyt et ed BB 1
obt ai ned | rtcExarrpye)Lﬁ:ge\]vaglbna@md@waDéal Olii)aﬁpr@f(l@a’éti?(lﬁoii Wi AflestaTni c
acid (yged jn Eﬁgghf%d@ Snadded.1 @nds Sacchanihi eat bgnmeaotoga yse
carried out at ours.  Subsequently, after solid-
separ ati on Ph@éﬁﬂﬁé@%@ﬁ@%ﬁﬁﬁﬁ Oé’ﬁethY@dcb?%‘?%/‘éeir%&ﬁ&Hot ué%fypr St
the liquidihis, 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 aqueous

20 solution of 50% acetone. 1in order to clearly establish the
solvent species differénces, phosphotungstic acid elution
ratios were compared at the time point of the end of one elution
Qperatioﬁ. The results are shown in Table 3. Note that, in
the alkali treatment of Example 28, elution was found to be as

25 tungstéte ion.

[0141]

(Comparative Examples 2 and 3)

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

30 acid. The results are shown together in Table 3. With water
and sulfuric acid, the catalyst was found to almost not elute.
10142]

[Takble 3]
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was carried out. The results are shown together in Table 5. Note that no
catal yst adsorption experiment was carried out. [0149] (Exanple 39) 5An
experinment was carried out sinmlarly to Exanple 38 using a copol ymer of
vinyl sulfonic acid and acrylic acid. The saccharification reaction was
entirely simlar to Exanple 38 but a copol yner of vinyl sulfonic acid and
acrylic acid was used as the catal yst instead of polyvinyl sulfonic acid.
The results 10 are shown together in Table .5. Not e t hat

preparation of the copolyner was carried out as follows. That is to say,
60 g of an aqueous solution of 25% soditim-w nyl sul-f-erat-e—are—r—3 Lf an

agueous s Iutlon of |37% sodi um acrylate were mxed in a PW@@V&T&%FaTdratio
was 8 verdu T%“ . |furthernore, 106499 of pure water \a gegtand
heated to [80C, "ReXt] 2.9 g of an aqueous sol ution of 109 so ng grsyl fate
was added |to tHe& i fture and the m xture was_maintaipnedlat erndl
tenper at urie EQamp%) OAtﬁJQSEJS sgfutu;ln J?@U}f acteﬂmleet t he pol erEI’I Zat' m%eaCti on
proceed. a—Festt—et—aPe-26 aua S-S, p0|yner W tThan aw%?%ge

nmol ecul ar weExgrrle & |appieess ssltien Wﬁhmﬁ@ Bbnerat ed. This polyner ‘%S
converted l@txgn@&m fmiuab.w'Johtiaihﬂsmna.eu@hmngeolrdmtmvl ether] used*38 t he
cat al yst. [61561 fffabteS51— 7 anpl e 40 Sac rificpation
reaction deﬁﬁP%?%$3 éﬁﬁmF§°wP?£$%a¢%%é§?"nae.c Ul.ricd ot p@?”c sef i es
of processlesximdi eatledakelsonlutitr dfeatehmmt step (hot watler tr%%%‘mant

with 12.5 prof " oround. pal M EEE (A9 bamk aamsidRody) as raw materdal s, hot

water tre '
(desal ti ngl SteprativBgqcghayification step (1): subsequentlly, degomdati op of
5 heni cel | I@@epbﬁ hosphotungstic acid was carried aut | To the residlies
after hot ment (24.9 of water. wet), 35 g off pure ter aphd
2.5 g of pho éé&% sﬁW@°§%$%ka%€%éH&@8amgnd the nixturfe was heated |n a
pressure-rbo.otaut contarner—at—t50C for I hour. Ihereaiter, the reaction
solution and 10 solid residues were separated by filtration, furthernore,
the solid rgz Syes were washed with 30 g of water tw ce. -Wen the
recovered I é on filtrate and washes were analyzed generation of 2.7 ¢
of xylose, 0.1 g{Bkagbldeog@land 0.1 g of mannose was observed.

5 Saccharification experiments of palmEFB were carried out

anmptre 15

by the series of processes indicated below.
Pretreatment step (1) dilute sulfuric acid 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% agqueous body)
and 120 g of an agqueous solution of 1% sulfuric¢ acid were loaded
into a 200 ml pressure-resistant cdntainer, the container was
sealed and heated at 150°C for 1 hour. When the reaction
solution was analyzed by I.C, generationof 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 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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15Saccharification step (2): subsequently, degradation of cellul ose by
phosphot ungstic acid was carried out. To the entire anmount of the solid
resi dues 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 m xture was heated at 180C for 3 hours. Thereafter, the reaction
solution and solid residues were separated by filtration, furthernore, the
solid residues were washed with 30g of pure water tw ce. Wen the
recovered reaction filtrate and washes were anal yzed, generation of 2.3 g

of gl ucose .25 . qbser ved. tal yst rec r e 21 LN
sol uti on: HQEEPQBﬁ%§8FEﬁPBn§t§ﬁH‘mag%g% gE%é%%é%¥fhygééﬁﬂgﬁgfP%g??gﬁgSteps
(1) and (2preereaakH BFRed, b0 whiwes fBagticontadni Rgxedwitlfl0 ml of
phosphot Unggt'ag %Cdnfg 00Pu0: 85 MM 056 and Lopey OfcLHdIL0$E oWRS SO ml

fracti onat menbr ane separation was carried out S|nilarl% lo Exanple
3 usi ng t herseparatirenimbabtanen FRIZLs0ENMGRALetrcplkBeaberhit}oh CodRdi ti on
rﬁs rﬁQﬂ‘LQ”R%&%EU&%sa@%rEggn%EﬁraTh@@eﬁE@%&gr%owaﬁ—QiQNﬁBase@SIatﬁe$uIta
or phosphotungsti ¢ aci d, ..8% was .recover,ed on.the concentrat [ an
f or xyIoseWﬁﬁdcésrb?ﬂdﬂgéF“Qf@éﬁﬁ%ﬁFé%bvgpgdSBﬁl?Hgﬁﬁbﬁﬁg%ﬁgéé 3%5%?5152]
In the fol kawhngexanpbes pand: ceapar athveeexdmases rdasuw eafhes wereg
carried out _as follows: 1) .Menmbpa ¢ kgn rddemperneat e:
Menbr ane péP$88F%SH-F%f%?%&ﬁ?l&é&égﬁfngagﬁffﬁéggﬁi?ﬁg“?ﬁﬁﬁﬁ ow rate opethe
per meat e dweisngbirenbedne separati on. (2) Quantification of

phosphpg ungstic acidiyse adsolRE ilHNGSHEN BAOMWY VoS detersi BRAuRY of
i nduct1vely coupf

_ X (TCP IS%EUSin the($§§%%?33§
menti oned PoebasesiednBiPhé pRbIPRSE uHYSthT SRGVE §hEENY2 or t ed.
(Ag?agjlt us: ﬁl@fﬁ%@@@?é@}a@%umomatgrrampncad?{a%stsm fmdimﬁuﬁsb:}m.a)ted

antification of glucose: e quantification | ucose was
carried ouBtudPAGC 1507 i Qi B et dFrat SHrtEh ?ﬁ#ﬂﬂ% ﬁ%?g%f%iéﬁﬂn%fggpared by
Tosoh Cor pamounderot heubelrhawiang ceadi tsubnsctdMsaste edént acohyls i $ong:he
Col um; . TSK- GEL _Ani de80 ( pr c t : . Jand
20001 ki 1 ERpEFaCarS: cBoes oot bnQRRp s TRNGLIEIAE Ao SPPEtERER: ot
sol vent (vah@mntrafiEhoéﬁﬁ@%@n§ﬁ¢é@t&ﬁ%dwﬂd%Q¥E§ﬂTK>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, so 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
20 ml 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 ratio of the
catalyst was 99% or greater.

[0144]
35 (Examples 30 to 34)
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25In the foll owi ng exanpl es and conparative exanpl es, evaluation was
carried out with the calculation fornmulae below. (1) Initial

phosphot ungstic acid rejectionratio: The initial phosphotungstic
acid rejectionratio represents the phosphotungstic acid rejection ratio
when the 30 perneate anmount has reached 10% of the liquid anount of the
sol ution subjected to nenbrane separation. Phosphotungstic acid rejection
ratio (% = [{(phosphotungstic acid concentration of the solution

subj ected to nmenbrane separation) - (phosphotungstic acid concentration of
the 35 perneate))/ hos hot.ungsti ¢_acid co entratian lut i.an
subj ected to ne % pSFaF%Bﬁffmin Bowﬁf% Efucose Bg%négﬁﬁéﬁggg %%

d ucose peEmmpiLerQ?rhtzta:r(a%gmg( t gk urosE tdomcent paritawagiment step ( 2)

per meat e>/§fgsegggo Fogggngég{bﬁg of e o) Wi on SHbie! b1l SrEERblane

separation fer opol yacid adsorption experipment. with metal
oxi de (Cbnﬁaﬁatm@@tE¥@®®4%l Vipsh Gstiesh Bt i4cBER d IS hc e MOM&YSEM was

nmeasuregd i Ap 1 an Pé W4 O%a?rfa{l%fstlaﬁs@ﬁ:p}h@hugkﬁ@rﬂﬁﬁﬂfaﬁésurcﬁackﬂm;éd out

Sai nt - Gobai n Naor. product _n A65761 dded .t an
aqueous soPHF?GHaéﬁl%Sug%PﬁhﬁsgH%ﬁN?éﬁ???%éﬁ%gzﬁﬁsqhﬁ@#%%ﬁgfg oG

t he phOSphahungﬁét@eaemdncosceptnajLcnwhhsnnnﬁbuktﬂxhﬁé%sHdwnM¥nﬂﬂahhe ed
that 8.4% | oad hpsphat S dt I na.
Nore that BhosphofoagattE aar i ( et BiectBELden Bt ehgey St e

| nor gani ¢ Coboun, &ﬂﬁﬁeaﬁaaigimnqrSDﬂdeﬁtwbseQﬁﬂﬁﬁﬁa§ﬂ@h@lbhbsﬁﬁ@ﬁ@ﬁﬁ%ﬁhc

aci d. i@lSQLcéggﬁéﬁrQHgl%%% Qy%@sgﬁgbkg%l%&P%%%E%nt wi.th netal oxide
(Conparative Adsor ption experinents were carried
out S|nllaﬁ994§b Cbnparatlve Exanpl e 5 using the metal oxides indicated in
- Table 6 astrhgimelal oxide.
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beeropolyacid adsorption experinment with organic polyner
in Table 6

(Exanples 41 to 44)
larly to 30 Conparative Exanple 5 using the organic polyner
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35[ Tabl e 6]
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results of the heteropol yacid adsorption experiments are shown in Tab
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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 agueous solution of 5%
sulfuric acid was added to pretreated EFB-2 and
saccharification reaction was carried out by heating at 150°C
10 for 12 hours. The amount of glucose generated was 0.08 g.
Subéequentiy,eicatalystrecoveryexperimentusingNTR—7450was
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 weére 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 Tnorganic
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 EFBE-1 obtained in Example 29 was fractionated, 10
ml of 2.5% polyvinyl sulfonic acid (used in Example 5) was added,
and saccharification reaction was carried out at 150°C for ©
hours. Subsequently, after sclid-liquid separation, recovery

35 experiment of the catalyst constituent present in the liguid
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25

was carried out. The results are shown together in Table 5.
Note that no catalyst adsorption experiment was carried out. -
[0149]

(Example 38}

An experiment was carried cut 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 sulfonicacid. The results
are shown together in Table 5.

Mote that preparation of the copolymer was carried out
as Tollows. 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 ratioc was 8 versus
2), furthermore, 106.9 g of pure water was added and heated to
§0°C. Next, 2.9 g of an agqueous solution of 10% sodium
persulfate was added to the mixture and the mixture was
maintained at an inteinal temperature of 80°C to 90°C for 1 hour
to let the polymerization reaction proceed. BAs a result of GPC
analysis, a polymer with an averagde 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]
[Table 5]
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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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Exanpl e 41 Exanple 42 Exanple 43 Exanple 44 [0158] Heteropolyacid
separation experi nent (Exanpl e 45) A het eropol yaci d separation
experiment was carried out using the separation nenbrane eval uation
apparatus Menbrane Master Cl0-T (manufactured by Nitto Denko Corp.;
menbrane 5 surface area: 60 cnR) equipped with a flat nmenbrane NTR- 7450
(manufactured by Nitto Denko Corp.) that is a nano-filtration menbrane. By
supplying a liquid for separation to this Menbrane Master Cl0-T with a

sol ution-sending punp, a flow of liquid parallel to the menbrane is

created, and separatlon ne rane 10 eval ion_in cr -] ow,t
possi bl e. AdQEAARRIMIFE) (§ °I?aﬂ?8uFd¢O§£b§FaFPWIH cont a%%ISE%QQaQ%?OHES

phOSphOtUnﬁ&%h@m@ﬁtdwéﬁamuhﬁﬂkﬂﬂeﬁrbyeﬁtpp@hylﬁnmghmrbyCb@oEKa&PQﬁeﬁﬁcal

., Ltd rod t na hosphot ungsti c aC|d") and 10 of gl ucose
(nanufacturgﬁsﬁ kﬁﬁtg%Eﬁgﬁlcal ., Inc.; product nane915 X

"D(+) - gIucose"))Saubhecuédcablnﬁn@¢%mdJéepéﬂhﬁﬁﬁﬁenéhbséﬁﬂﬁﬁqﬁﬁlon'Df
concentg at ?eﬁ&@%lﬁﬁhﬂée%‘ﬁd&lﬂ%ﬁm 100 284 B Red ed rir@ clleshit anero the

separation) Was pressurize . a, and ar.at
carri ed outeatdaceerpbrat BPE B?tQBC?r?%E@?HEH%EEW?ﬁétJ?' |oneqa§F§Ute

The menbr a@eoﬁeﬁ@@twﬁbﬁ%@m 50% bhep]pesmat@ng\dmice aoard yienge ewided,
menbr ane separ at1 on, was

50
on the per #B&t FBR @FﬁEuﬁﬁr%§g 9?%€$%h%nﬁ%§%53ﬁﬂg: q%qg%&ed%%%dyﬁéy ned
DhOSphOtung%tu%anlﬂokeueﬁbu@nramhermaﬁtaﬁ 8%handeahélghU@@@@tpeﬁm@gﬁjOn

ratio &S 990{1d ha glége l#éreé gJéﬂiaaCﬂeq:i fﬂ@%k@@l@ﬁp%df@%rﬂc@@m@ 46

to 54) arati on experinent re carried out,simlarl
Exanpl e 45seiadpreﬁmduesheesepﬁﬁ%hﬁdnwlééhéptgdﬁéwﬂéﬁé Fﬁﬂ??redagﬁyégm?n
Table 7. recovelRe resulbhs ol (A diekel opoly acidheepanatricon sexplariotnt s
are shown in Note that th bbre ions in Tq?lf 6 qu
Table 7 ar§e§§rﬁéﬂp6w§f 35 TNeRPROXY 5P Rt - §bga9n {rﬁiﬂ pse and ©
mannose was observed.
15 Saccharification step (2): subsequently, degradatlon 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
filtration, 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 observed.
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 carried out similarly
to Example 3 using the separation membrane NTR-7450. However,
the operation condition was room temperature and the operation
pressure was 0.6M Pa. As a result, for phosphotungstic acid,
99.8% was recovered on the concentrate side and for xylose and

35 glucose, 91% was recovered on the permeate side.

75



KOCH: Koch Menbrane GE: GE Water & Process Technol ogi es NF: organic
pol ymer nano-filtration nenbrane UF: organic polyner ultrafiltration
menbrane 5[ 0160] [ Tabl e 7] Ccald .--, co 73 00000 DEPOIa5 E
001- 86 00 I-1 186" 001- 86 96 oo 196 Initial phosphotungstic

[0152]
In the following 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
10 below and the phosphotungstic acid amount was calculated.
| Apparatus: ICPE-9000 (product name, manufactured by
Shimadzu Corp.)
(3) Quantification of glucose: _
The quantification of glucose was carried out using
15 liguid 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 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.
Phosphotungstic acid rejection ratio (%) = [{ (phosphotungstic
acid concentration of the scolution subjected to membrane
separation) - (phosphotungstic acid concentration of the

35 permeate) }/ (phosphotungstic acid concentraticn of the
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acid perneation blocking ratio 00 866 91.6 0'86 V86 9.66 666 666 3t6 Z66
196 CeTh ¢, oE --P 00.--. 0 4-,c pt..,... an EL--- 901. OL

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 yﬁalumina manufactured_by‘Saiht-Gobain
NorPro {(product name "SA6576") was added to 30 g of an'aqueous
solution of 15.5% phosphotungstic dcid and immersed for 1 hour,
the phosphotungstic acid concentration dropped to 14.2%. 1t
was verified that 8.4% of the loaded 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) '
Adsorption experiments were carried out similarly to
Comparative Example 5 using the metal oxides indicated in Table
6 as the metal oxide.
25 [0156]
Heteropolyacid adsorption experiment with organic
polymer membrane
(Examples 41 to 44)
Adsorption experiments were carried out similarly to
30 Comparative Example 5 using the organic polymer membranes
indicated in Table 6 instead of the metal oxide.
The results of the heteropolyacid adsorption experiments
are shown in Table 6.
101571
35 [Table 6]
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Heteropcelyacid separation experiment
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(Example 45)

A heteropolyacid separation experiment was carried out
using the separation membrane evaluation apparatus Membrane
Master C1l0-T (manufactured by Nitto Denko Corp.; membrane

5 surface area: 60 cm?) equipped with a flat membrane NTR-7450
(manufactured by Nitto Denko Corp.) that is a nano~filtration
membrane. By supplyinga liquid for separation to this Membrare
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 liguid for separation (containing 4 g of phosphotungstic
acid (manufactured by Nippon Inorganic Colour & Chemical Co.,
1td.; product name "phosphotungstic acid") and 10g}bf glucose
(manufactured by Kanto Chemical Co., Inc.; product' name
15 "D(+)-glucose")) subjected. to membrane separation.
Subsequently, concentrate side (side containing solution
subjected to membrane separation) was pressurized to 0.3 MPa,
'andn@mbraneseparationwascarriedoutataﬁxm@eratureof25°c,
feeding flow rate of 100 ml/ minute. The membrane permeation
20 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 phosphetungstic acid rejectionratio was 99.8%

and the glucose permeation ratio was 99%.
25 [0159]

Heteropolyacid separation experiment

(Examples 46 to 54}

Separation experiments were carried cut 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 €& and Table 7 are
as follows:

35 NORPRO: Saint-Gobain NorPro
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a4 6 668 8 0 Separ ati on nmenbrane Pure water perneation rate
(25(;,.:’ 0.1MPa) (g/mn/nR) gLZ gLZ gLZ gLZ gLz 1.3

KOCH: Koch Membrane

GE: GE Water & Process Technolcgies

NF: organic polymer nano-filtration membrane

UF: organic polymer ultrafiltration membrane
5 [0160]

[Table 7]
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[0161]

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
catalyst and performing membrane separation on the obtained
reaction sclution to separate the moncsaccharides 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. TIn addition, it was observed that if the
reaction time of the hydrolysis reaction becomes Ilonger,
overdegradation of monosaccharides occurs, and the yield for
the monosaccharides becomes higher, but the selectivity for the
monosaccharides decreases, and that the higher the catalyst
concentration during the hydrolysis reaction and the higher the
reaction temperature, the higher the selectivity becomes.

From the results of Examples 15 to 22, it was observed
that generating mdnosaccharides through hydrolysis of
polysaccharides using a homogeneous acid catalyst, subjecting
the obtained reaction solution to solid-liguid separation to
remove the reaction ;esidues and thermally decomposing these
also allow the catalyst to be recovered with a high recovery
ratio.

From the results of Examples 23 to 28 and Comparative
Examples 2 and 3, it was observed that generating
monosaccharides through hydrolysis of polysaccharides using a
homogeneous acid catalyst, subjecting the obtained reaction
solution to solid-liguid separation to remove the reaction
residues and adding an eluent to these residues allow the
catalyst to be eluted and recovered with a high recovery ratio.

From the results of Examples 29 to 34 and Comparative
Example 4, it was observed that carrying out dilute sulfuric
acid 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 to carry
out the hydrolysis allow the adsorption ratio of the catalyst
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Fromthe results of Exanples 1 to 14 and Conparative Exanple 1, it was
observed that generating nonosaccharides through hydrol ysis of

pol ysacchari des using a honbgeneous acid 5 catal yst and perform ng

menbr ane separation on the obtained reaction solution to separate the
nonosacchari des and the catal yst all ows nonosacchari des to be obtai ned
with high yield and at the sane tinme, the catalyst to be recovered with a
hi gh recovery ratio. In addition, it was observed that if the 10 reaction

time of the hydrolysjs reacti.on hec | ong d I
rronosacchaﬁlodi%g{}& u g,bear{:aeﬁ%relc%eecﬁn%%gr gghgglﬁoﬁ%gécc ar | ae&éocrbl}aég{)r%lse
hi gher, butotdetsenecbifvihy foetohe morwyeeeharidesenet rides esls ot tdat

the higher the catalystcongent L atsofy, durdmsh & hey el wses Jrstdanmand
t he hi gher "thé 15 reaction ten‘ger ature, the higher the selectivit
becones. ratio ypemalrdivedy Paghr Ex ¥R 885§5Vee Tt prhigl ‘%ﬂ%%‘r

that geper atiBgrONesa¢ehanidaspt hswtgindry dsplyesiisi-ofi pol g sagehart ides,

usi ng a honogeneous acid cat alér/is,t, subjseétl ng tnh obt al ned reaction

sol ution t 8288f1G- 19 quirdesepdtGEtith t6°201Fandve tRE™PEaLti Sithrest dues and
thermal | y deconpbsa g tdmsenalsieval hembtrave caf alhysretothbenrscbveied With a
hi gh recove tio. _. F th f I - A0y
Conpar at | vEPLR A S5 tae £ TR oL b eSSy (EETE fomodehoqgs
nonosaccharciktes vstirolgh shydi oty sas Wil ghdl 9§ adthari gesa st wgSalfibribifcheous

acid cg al yst -$Ubi ¢t LAG theQktaigned reaction solution to solid-1iquid
separation to renove the reaction residues and addi ngg’dan el uent to these

resi dues all ow t BECBathAPyEESEotBeCt| FXAEPARY Tocover&d Wi RS Mt Ve
recovery rahh@. A%r amddie desubt s spkecbeanpbes c2fpband4 anck Cospdr add ve
Example 4, it was observed that carryin ut_dilut.e sul furic acid _ . ..
treatment BABCHEDEGHE 13EHt r’rﬁﬁ%:agéw#e n?rslggo ciee‘Liursncena léli PGfin 3% t he
pol ysacchatirdasmpnitol st cabeieg subjeecpedtreahypdns| ystsoubnckthebnaddithg a
honog ou id_c Vst _fo_gakr 5 ro I I ' :
adsorgﬁeong?%'? Fgeoﬁﬁgﬁ%% a|a§§th°¥f9§’ ??fg%]?%&'?%g%gnréés{%?x%c?%% aénf(}@cilt_oil/vas
al so obser vetiipimte pheecurd dérsnd big Pheha sppREUnAe dthbRE L RAVPEETRELY he

adsor pti Onbféafé@ovl Poadehith @Nn i ghsQeddyvyExpmalte LB yWhehisrAhe Adsordtion

ratio was rel atively hi it was observed that, a, iag cat al yst regovery
SrEn AR R 25

gh, 1t / _
rati o coul 8hEaught &i HRACEYLEE! FUSY E qUFRPE@Par af b2
reaction resi duegrand thenrang tsepsf adtancldroughia malkectlsarvsdeviehat

menbr of the.reaction soJutiaon to which the wash ‘
Furth r E3THHER%a ﬂBﬁngé%J%oJ%aotaecri dtfaeta%mye%{)t wth gwﬁng%g%%%%m%th?f of
200 or greabdyswashactidesedridd tmobeangl y8?] ewised écobgdedlysis, addsmm t he
results OfaEﬁﬁggéﬁée%%st8c§8’cb%aﬁ%gt0@5efﬂgmbéifga&@ﬁﬁkfﬁ¥§fé§ﬁ§r(%he

speci es of ¢co S are used as nogeneous ‘aci'd cat alésts and only
di | ute sul pupitecasr@nitr &8t FERELYI Sutakhe davduelasl prieedeht pent2Wi t HuwR -

carrying owh {49 aceianet reat kil ot i hesahdichirereneesut nsert@l ysduid

adsorption ratio are observed dependi ng on the cogrg?r%nd, t.he c%t al%lsj'g
coul d de ré@&@é@é&%t%%W?ﬁﬁ%%?&ﬁ%ﬁf@w e Sear 8t S oh Y
t hrough a sokecul secshevayaeshyane, =JilvWsarhyrs onExanpbena®ides 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 acid catalysts

35 and polysaccharides were used tc carry out hydrolysis and
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Fromthe results of Exanple 40, it was observed that 20 carrying out hot
wat er treatnment as a pretreatnent of pol ysaccharides prior to being

subj ected to hydrolysis, adding a honpbgeneous acid catalyst to the

pol ysaccharides after the pretreatnent to carry out the hydrolysis
reaction, and then, to the reaction residues obtained by carrying out
solid-liquid 25 separation, further adding a honbgeneous acid catalyst to
carry out a second hydrolysis allows nore nonosaccharides to be prepared.
In addition, it was observed that a high catal yst recovery ratio could be

obtained b hering_t he tiops_ob t S +apd
carrying o%ta% (t)LIYISE I H?Hag O}s{épa}gg IO]%@&}Q&IQ%%THS hf t he @%’ﬁ o resi dues
and nenbr ahemsgpaleatmon adirdughahahwkeculfaonsi eK}fEe nehbragenepPudhe aFdact i on

Sol ution tgave’gggett E%n‘ﬁ@?es %%ﬂ?@% @@tt%rtﬂ% nRldrdayah sexanmt Bsn were

shown in th , whi ch speécifi horm eneouz} acid
cat al ysts Qélaﬁélmaéﬁysaé@h&ﬁpdé’@ \ﬁélaéeﬁ’sé&%t@% A SGut Shdr dBys PS4 Rd
catal ysi sepam tLle@,n,l tihe aechaai S%p%@éti&@amaidnm:g_etshel hwogenﬁams taei d

catal yst from eneous acjd cat ontai nin ol uti on. after t he
hydr ol ysi smPé"Qéf"iCEf aﬁﬁ%‘%ﬁ’@%‘?‘ﬂ? e % %6#1 % tr}éef gtr&ﬁ%fl%om Y%%tjfesulgtns of
the above beExapplies int a 4@ rdrd yCofpaoaisveleBeampless herednd eldowing

nonosacchari.de h f resent invention can be applied
in avarie 9V8P ngges deggFggéd%%e%el%g% gﬁnng advant ageous effects to

be exerted.[Ol8262] 10In addition, fromthe results of Table 6, it was

observgd that, '@ncé)cﬁﬁl{@fontcfﬂdﬂ?tﬁgtl?és@t@%fc@QEIétGJt h'ﬁ%i@%ws@:&fv@a@m c
menbr ane adsor bi ng phosphot ungstic acid, fhe or I@&Eﬁ&yﬁ% Jrenbr.ane does

not adsor btpR&spHoCeR§drist heitde PRomLtIrsde i@ EHE YIS of

phpzph%unﬂéhbga%l legb@b&ﬁgt bﬁoﬁphatuﬂﬁsﬁﬁbdﬁcﬁdsottﬂm g qatraisp patlymgst i
acid, which is a prgblem when se osphat ungstii ¢ ing.an
i nor gani ¢ W@W‘EF&H@ 28n rb% 2‘ O&SI rgghtan organl cﬁ%éo éﬁléﬁ it
Menbr ane. was fourkd dimatthehe dsidst squhdraﬂh@tmgﬂmvaglﬂomm ttOh*altie Irwal

carryi o] ni M it h 20
a purelr%lvat g%lggpgnég{gfgﬁﬁggé%%@%%% ?8 Qéﬁ? r“g}alt@r ng i 5C an%ﬁlgih\]i@ntl\/Pa
for the sep@paﬂfaéﬁmngf Phoﬁﬁh@ﬁépéﬁya@ écﬂﬁoﬁﬁ%ﬂé He t ST Viefe METEBRO& ni ng

sol uti on, %&%nb%%ﬁpb%s@%ﬂﬁ'b@p@sﬁ%@ @rpQﬁQﬁ‘ﬂiﬂcﬁtpdl@rde& tRgbrane.

het ero oI aci d-contai ni ng sol ution h e at
het er oBoI gac: d cgﬁoﬁ‘letllé%rfeéflégtsléaf %'apﬁe ?Y é%?‘?ae%gpyhﬁ%ﬁtr'ep&ﬁﬁrﬂﬁﬁq 0,

al | O¥M ngdt bﬁth@émxﬁm@@@%y@pikdmdieusem@r gheﬁkcjmg]l"d poéymemlmmbzané'h\art,h it
was found that when gl ucose i ont aj ned_i tzer op id-c ing
sol utidh, RePBFEpBRY Elﬁeﬁ]ﬁﬁagmffogﬁjcﬁaﬁf J;%}] 8# geﬁn?ﬁnégd(ggmte
t hat, al t haugh OetaMple < owe rtées vema riat itdme %@é@@qﬂ@m%im in

whi ch spec o] anes,\eLe Hsed NeLer opghyaci d was
used as ho&r}%lgt%rrlgggjgglaag (F:Pi{ ggﬁgcl str}?{) car(r:’%gou(t3 menbrane separation,. the

nechani sns hefierepy loegasi @O@@q?@'ﬁ’é@th@ﬁﬁfna & hehipRoRe yare hRgendtdy aci d
35 cat al ystfi@Avhhe honpgenepusmacicd ogatad yshe CRBEBEBPOYyacid can be

25 rejected with an extremely high rejectionratio, allowing the
heteropolyacid to be separated highly efficiently. Then, it
was found that when glucose is <contained 1in 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 polymer
membranes were used, heteropolyacid was used as homogeneous
acid catalyst to carry out membrane separation, the mechanisms
whereby organic polymer membranes separate the homogeneous acid

35 catalyst from the homogeneous acid catalyst-containing
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solution are all simlar, it can be stated fromthe results of the above
Exanpl es 41 to 54 and Conparative Exanples 5 to 9, the honpbgeneous
catal'yst separation nethod of the present invention can be applied in a
vari ety of nodes described herein, allow ng advantageous effects to be
exerted. CLAIMS 1. A nethod for preparing a nonosaccharide by hydrol yzing
a 5 pol ysaccharide using a honbgeneous acid catal yst, wherein the nethod
conprises a hydrolysis step of hydrolyzing a pol ysaccharide using a
honbgeneous acid catalyst with a nol ecul ar wei ght of 200 or greater to
generate a_, ut'ggnoégc(\iﬂarsliﬂﬁia%ndie SEPYALLIR 8t BPoA! 1 D&- Amgegeous
acid 10 ca?aﬂys% af?erehydro ysi's,” and -’ the separation step includes a
sol i d-1i quElesaparat Evampiep &1 tepx anthdgaOwgRdderfodsamy@s > to 9,

cat al yst - coptaipidgsdoid odafiome Bydrekysbs kethdde ondtRé peasknane

step selecte romthe group consisting of the. follow ng ste A) .15to0
(O): inpapt 4081caR Be Japhied thg f’%é‘iﬁ&%ﬁ%ﬁ%% %%g%%%‘%zf’%é)telﬁy

per f oi M ngahopRgaReadSaaehgetakakystcaenhnabe sepatati.on treatment using
an organi c polyner nenbrane as a nol ecul ar sieve nenbrane, on a
honbgeneous aci d catal yst-containing 20 sol uti on separated by the
solid-liquid separation step after the hydrol ysis step; (B) a step
of separating the honbgeneous acid catal yst by perform ng organi c conpound
t hermal deconposition treatnment on a hydrolysis reaction residue which
adsorbs part of the 25 honbgenous acid catal yst and which has been
separated by the solid-liquid separation after the hydrol ysis step,

t hereby thermal |y deconposi ng organi c conmpound in the residue ; and

(C a step of separating the honbgeneous acid catal yst by perform ng
honobgeneous acid catal yst elution treatnment using 30 an al kali ne sol ution
or an organi c solvent-containing solution, on the hydrolysis reaction

resi due which adsorbs part of the honbgenous acid catal yst separated by
the solid-liquid separation after the hydrolysis step. 35 2. The nethod for
prepari ng a nonosaccharide according to Claim1, wherein the

hydrol ysis step is a step of carrying out hydrolysis with a proportion in
mass between the honpbgeneous acid catal yst and water present in a reaction
systemin the 40 range of 0.1:99.9 to 50:50, during the hydrolysis
reaction. 3. The nethod for preparing a nonosaccharide according to
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Claim1l or 2, 45wherein the honogeneous acid catal yst includes an organic
50 compound having a sulfonic acid group and/or a heteropolyacid. 5 /
4. The net hod for preparing a nonosaccharide according to any of Clains 1
to 3, Werein the honogeneous acid catal yst includes heteropolyacid. 10
5. The nethod for preparing a nonosaccharide according to any of Clains 1
to 4, wherein the nmethod .conprises a recycling step of recovering
-and recycling the honbgeneous aci §L&dt&l yst separated in the separation
step. 15 6. The nethod for preparing a nonosaccharide according to Claim
5, 1. Whemeithodh&greaydpagist ep insncascckdrodé bypmddidatélyyiabt er - t he
separ gbii gRastBRri Aet N1 NGNOSAERBEELEEUPT £paTatL A1 2O pet hod. 7. The met hod
for preparipgra;Aonepacchardimey acsashnged o anynolir6hasms 1stepb, gsherein
hydrowgmﬁlﬁ roi ed;out cah .21 heackion 25 HeReRke a%fldl%%@aq sha gher
'n th €R Belligmethoddor prepaelng a @”%%%?{é &
accormongsaccharlde, and a separation step of the homogeneous acid
10 catalyst after hydrolysis, and
- the separation step includes a solid-liquid separation
step of separating a homogencus acid catalyst-containing
solution from a hydrolysis residue and at least one . step
selected from the group consisting of the following steps (A)
15 to (C):
: (A) a step of separating the homogeneous acid catalyst by
performing homogeneous acid catalyst membrane separation
treatment using an organic polymer membrane as a molecular
sieve membrane, on & homogeneous acid catalyst-containing
20 solution separated by the solid-liquid separation step after
the hydrolysis step; '
(B} a step of separating the homegeneous acid catalyst by
performing organic compound thermal decomposition treatment on
a hydrolysis reaction residue which adsorbs part of the
25 homogenous acid catalyst and which has been separated by the
SOlid~liquid separation after the hydrolysis step, thereby
thermally decomposing organic compound in the residue ; -and
(C) a step of separating the homogeneous acid catalyst by
performing homogeneous acid catalyst elution treatment using
30 an alkaline solution or an organic solvent-containing
solution, on the hydrolysis reaction residue which adsorbs
part of the homogenous acid catalyst separated by the solid-
liquid separation after the hydrolysis step.

35 2. The method for preparing a nmmosaccharlde according to

Claim 1,
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
40 . range of 0.1:99.9 to 50:50, during the hydrolysis reaction.

3. The method for preparing a monosaccharide according to
Claim 1 or 2,

45 wherein the homogeneous acid catalyst includes an organic

50
g6



any of Claims 1 to 7, wherein the polysaccharide is a polysaccharide
obtai ned 30 through a pretreatment step including at |east one anbng a
desalting step, a delignification step and a hem cel |l ul ose renoval step.
9. The nmethod for preparing a nonosaccharide according to 35 any of Cains
1to 8§, wherein the organic pol yner nenbrane as the nol ecul ar sieve
menbrane used in the step of separating the honbgeneous acid catal yst by
perform ng the 40 45 50 nenbrane separation treatnent is-a _nol ecul ar

si evecompbradehasing ansolfonic pol§neroneidify dnded Gare i -
perneation rate of the organic polynmer nenbrane is 1 g/mn/nR or greater
ats 25€. andrie 1 tdod £4P. pipardtrypdaf oronusepahengdd ronosatvrar tde
accorgh?gofocggymgf1C1@iyp 1 to 9, wherein the organic polymer nenbrane is
a naho-Tilfratipn MaHy angophgaAeBlbr afddid at copalpsbranecliticsl. Zhe
nethoge{gﬁo 5fg§éi@g a nonosacchari de according to any of Clains 1 to. 10,
wherei n the organic polyner nenbrane is a polynmer nenbrane

10 5. The method for preparing & monosaccharide according to

any of Claims 1 to 4,
wherein the method comprises a recycling step of
recovering and recycling. the homogeneous acid catalyst
: separated in the separation step.
15 :
6. The method for preparing a monosaccharide according to

Claim 5, : :
wherein the recycling step is carried out immediately

after the separation step in the monosaccharide preparation
20 method. :

7. The method for preparing a monosaccharide according to

any of Claims 1 to 6,
wherein hydrolysis is carried out at a ' reaction

25 temperature of 100°C or higher in the hydrolysis step.

8. The method for preparing a monosaccharide according to

any of Claims 1 to 7,
wherein the polysaccharide is a polysaccharide obtained

30 through a pretreatment step including at least one among a
desalting step, a delignification step ‘and a hemicellulose
removal step. ‘

9. The method for preparing a monosaccharide according to

35 any of Claims 1 to 8, ‘
wherein the organic polymer membrane as the molecular

sieve membrane used in the step of separating the homogeneous
acid catalyst by performing the

40
45 ' .
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havi ng a cation-exchange group. 15 12. The nethod for preparing a
nonosacchari de according to Caim11, wherei n the organic pol yner
menbrane is a pol yner nenbrane having a sulfonic acid group. 20 13.

Anmet hod for separating a honbgeneous acid catal yst froma honogeneous acid
cat al yst-cont ai ni ng sol uti on, wherein the method conprises a step
of separating the honbgeneous catal yst by perform ng honbgeneous cat al yst
25 menbrane separation treatnent using a nolecul ar sieve nenbrane, and

the nol ecul ar sieve menbrane is a nol ecul ar sieve menbrane using an

organi ¢ po t GeaL L DO s &y Of mdher HEHani
pol ymer h%gg%%gggyﬁggfatﬁgﬁ @rQHEﬁeH?eg%efﬁgt 25% and, 0. 1 ﬁ%a 14. The

met hod f or uséparan |Q¥@8élﬂ€ol?§dé’ﬁ€(¥u§‘e raneaand fspuﬁécﬁﬁaﬁﬁgp?m@?r?ﬁl 13,

wher ei n t he, 0 9G8R 1h PRI JTRIANARE MSmBrAaso:i il ty/atiirom*36r ngrdaase or
an‘ultrafiltrati on nenbrane. 15. The nethod for separating a honbgeneous

aci d catal $5t2accedl iy 't d'%&%ai m 13 or 14, wherein the organic pol yner
menbrare is a pol yner nenbrane having a cation-exchange group.

10. The method for preparing a monosaccharide according to
any of Claims 1 to 9, _
wherein the organic polymer membrane is a nano-filtration
menbrane or an,uitrafiltration membrane.
10 _ 7
i1. The method for preparing a monosaccharide according—tg
any of Claims 1 to 10, -~ ' '
wherelntjmaorganlcpolymernmmbramelseapolymern@mbrane
having a catlon exchange group. '

15
12. The method for preparing a monosaccharide according to

Claim 11,
' whereintﬁmaorganicpdlymeru@mbranejs:apolymernembrane
having a sulfonic acid group.
20 o |
13. A method for separating a homogeneous écid.catalyst from
a homogeneous acid cataiyst—containing solution, o
wherein the method comprises a step of separating the
homogeneous catalyst by performing homogeneous catalyst
25 nembfaneséparationtreatmentusinganwlecularsievemémbrane,
and
the 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?

30 or greater at 25°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 homogeneous acid catalyst

according to Claim 13 or 14,
wherehntheorganicpolymernmmbraneiszipolymern@mbrane

5 'having‘a cation-exchange group.
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