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(57) Abstract: An ionic liquid capable of dissolving lignin
at a high level is developed, and a method for producing
lignin from a biomass at low cost and safely using a simple
apparatus is provided. The present invention provides a
method for producing lignin, which comprises the steps of:
(1) mixing a lignin-dissolving ionic liquid represented by
chemical formula (1) (wherein R' and R® may be the same as
or different from each other and independently represent an
alkyl group having 1 to 6 carbon atoms or an alkenyl group
having 2 to 6 carbon atoms, R* may be mono- or poly-substi-
tuted and represents a hydrogen atom, an amino group, a hy-
droxy group, a phenyl group, an alkyl group having 1 to 6
carbon atoms, an alkenyl group having 2 to 6 carbon atoms
or an alkoxy group, Y represents CH,, O or S, n corresponds
to the number of ring-constituting elements and is 1 or 2,
and X represents an anion derived from an amino acid,
wherein each of the alkyl group, the alkenyl group and the
alkoxy group may have one or more atoms or groups inde-
pendently selected from a halogen atom, an amino group, a
phenyl group, a cycloalkyl group, an alkoxy group and a hy-
droxy group as a substituent or substituents) with a biomass
at 20 to 80°C to produce a mixed solution; (2) separating the
mixed solution produced in the above-mentioned step (1)
into an ionic liquid phase and a residue; and (3) adding a
solvent to the ionic liquid phase produced in the above-men-
tioned step (2) to allow lignin to precipitate, and then separ -
ating and collecting lignin.
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[0042]

[0043]

[0044]

[0045]

[0046]

>&ERUT. RBRFEEIE. FIREE LARWD, #IZIFE0. 5~3RETH
Y, FFELRET1T~2KETH S, ZOREIE. EFRICEFHZIE. 0. 5

1. 1. 5, 2, 2. 5XIIEFHETHY., ZITHRLEBEDANL,
2DODEDOEBEARATH > TH LU,

BnH, BHHEIRZER, VI/ZVOMHENERZALEIESLHICITOIEDT
HY, BICKERNKROEEFH AW, BRHIRIGERAK TN
ARETH D,
<3—-3. IR (3) YIJ=ZUHBEIE>

Ti# (3) Tk, I (2) THELOSNEAFVREEIC) J=UiTHiAE
EMA. VIZVERBEIE,. 28T 2, ) I UMHBEIE. FICRES
NRWA, XE /=), TH /=, TANJ—ILREDTII—ILE, K
TPENVEBWARIENTE, 1A VREKREREL, VIV EBRBLA
WEETHNIEL L,

T4 FUREODBEEIE, BFICREINGVD, AIZE. 2Bv
BODBEREDHEEEZAWVWDIENTES, 2BOEERE LT, BAZE
CREABELEIMESBIZEFSN DS,

BHEMICEAIAE, BODREICLYDBEL /A TV BREZERY MR ET
MUK ZEICEYDRET DI ENTES,
<3—4. Z4O0—R - ~AIELO—IASHTE>

TO—X - AIENO-XASBETREIZ. T2 (2) TELSNERAICE
EMKBREMARERZFERTHTRE (4) & IE (4) THELNIER
BREREERBICOBET2TiE (5) &, I (5) THELNAEKREDLS
AIE)O—RZEEYL, DI (b)) THELHhWERE M OGEIIO—R %
OUXT 2T (6) HHBHRIND,

(T (4) NI E)O—RHEMHTRE)

T (4) Tk, I (2) THEONEREBEICEEMKERZNZAESR
ZEBR L, NI ELO0—RZEEMKARISAEIE S, BREMKERIE.
FICREINBWD, BADREDOKEIELF M)A (NaOH) | KEEk
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[0047]

[0048]

[0049]

[0050]

[0051]

[0052]

[0053]

AYTL (KOH) | KEg{tAILS DA (CaOH) BREDKARERAWS
ENTE AIEO—REZBHEL, EAO-—RZBELBRVERTHN
EdW, FIZ, 0. 1 MOKEETFT M) T LKBERIVEFE LW,

T (4) . <3—-1. I% (1) VI/ZVERIR>ERKRDAIEIC
TITIIENTES,

(T3 (5) EO0—R - AIL)LO—RADBHTR)

T3 (5) Tik. IR (4) THRONEAGREEADERSBEEZAW
THREEERBICOBYT 2, BROBEEIEI<3I—2. I (2) BRoBIRE
> ERBRDAEICTITIIENTE S,

(T# (6) EIO—R - AI&/)LO—ROURTE)

T# (6) Tik. I (5) TRLONEHREM,MSAIEILO—IZBINL
. DI (5) THRLONEEE S EIO—X%Z[EUT 2,

ANIEIO—ROERFEEE. T (5) THEONALEREZEEIE. K
ATV, BERZRIEZHILLY, AIELO—-%EOINTEIENT
x5,

I O—AOEYRAEE. TR (5) THONLREZKESEL., ZES
BRZEICLY, AIELO—REBETDIIENTES,

(T (6) BO—R - AIE)O—RERTR) TOFEREIE. B
IKREI NV, FlZIE, BRLR. ERGR. MBRZRLEDHEERA
Wb ENTE D,

(I8 (6) EA—2R - AIE)IO—REURTE) TOKESEHTEIL.
FICBREINLQWA, AIZIE, RF—F—, IREODBWRETIR® L., KIE
ZERY MR ETMYRKAEEZEAWVWS I ENTES,

E

J111171711717117171171717117177

<Z1. VITZVBEBYEAFT VREDER>>
<1—-1. BIE>

<1-2. BRBTE>
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(1 7 v %)
(BR{LSR - X4/ —ILiK)
<1-3. BBOL -7 I /BA T VBEEDER>
<<2. VWIZVRBER>>
<2—=1. AFAVDEWICL ZBMBHEOEL>
<2-2. P=HAVDEWVL 2BBHEOEL>
<<3. N F 7 RBERBE>>
<3—-1. BFv T BEEHR>
<3—-2. EREDELEB>
<3-=3. YJ=v-ElO—R - AIEILO—IADBERR>
<3—4. AFAVDEWICL ZBMBHEOEL>
<Z4. 1 FVERED)HFAIIL>>
J111171711717117171171717117177
[0054] << 1. Y JZVAMBEEA TV BRIEDER>>
LTFOHERICHES T, VTR A ik EEm LT,
[0055] <1 —1. |{ILIE>
LTFoERX (2) ICRIBERIGET> 7.
“AFRTZROAETILIVERL, 1-AFIEQYTV 14, 4m |
HEYEY, 2—TOFIFAAFILI—FI13. 6mlAaEEFL, 80
CT248E., Y2 FvIR9—5— (500rpm) THEHLE, EH
RTH ~NFYY /BBIFIVRERE (7./1) ZRVTHREL. KRS
DEE, ~"FH Y /HBIFIVEGIELZBEEL, BEZEETWT — (2
—XRNFVIFI) -1 —AFEOQYYZoLTOYA RENEKI B8%T
B,
[0056] [{k2]

() [o) %

Br — .
T + \/\o/ $0°C. 24 1 /N\/\O/ {2)

[85.14] [138.99] [224.13)
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[0057]

[0058]

[0059]

[0060]

<1-2., BRXBTE>

A 74V RHEE BIEIR - A9/ —ILEERVWT, ERThUTOLEER (
3) . b2k (4) ITRT. P24 VE27O4 KDL T7 I JBEADERHE
RISE{T 27, RISFEMHIE, LLTDBY TH B,

(1 7 > R HsifE %)
LEO<T—1. {LEIR>STHEONLT— (2—AMFPITFI) —1
—XFLEAYIZILTARART. SgDKAKR K: 10m 1) %A
FUoBiE (AT / HRRAEHME : Amberl ite IRA400C
L) ICBLA® VYYKBAR (UY>Y 1. 179, K:50ml) 0
CTHTFL24BE, Y/ xFvIR¥—7— (500rpm) THEFLEL
o KEBEL, PTENZNIYL A5/ —ILBERE (9/1) T1O%%
L. 28%1T27%, D%, PNV /X5 ) —LEEBREAEBEL
CIBREERLT, N=XFI—N—- (2—XMFPIFI) EOYT DA
VoY ([Pimel [Lys]) ZNEIE6%TH/. NMR, I RZAEL
T-FERIGLITDEY TH B,

"H NMR (500 MHz, ppm, CD,0D, J = Hz) 1.35-1,45(6H, m), 2.17(4H, s),
2.58(2H, t, J=6.9Hz), 3.25(1H, t, J=1.8), 3.30(2H, br), 3.35(2H, br),
3.38(3H, s), 3.53-3.56(8H, m), 3.77(2H, s); 3C NMR (125 MHz, ppm, CD;
0D, J = Hz) 182.49, 67.63, 66.31, 64.40, 59.21, 57.61, 49.34, 42.46,
36.62, 33.94, 24.31, 22.43; IR (neat, cm') 3347, 3279, 2930, 2856, 28
15, 2063, 1582, 1462, 1396, 1123, 1038

[1£3]
O @ Al e Ho’K(R o}
® rooOmACL. (@ ) OH NH, Z § e 3
N P > % — Ny o H R {3)
NN NN H 0,09, 24 AN Ng

NH,
(BRILSRE - X%/ —ILiK)

EEEO<1 =1, BEIR>STEONIEZT — (2—AKMFIITFI) — 1
—AFEOYS =29 ATOYAR30. 8g&A4%/—)IL50m | 58S
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[0061]

[0062]

[0063]

L. B&{L$R (1) 25. 6 g% 1TEEMNMNITIEAL, ERET248H. 7
2FYvIRI—5— (500 rpm) THHELL RERZEBL, BEE
X4 —=)IL50m | THWERRESL, ZORE®RIC, (L) —a—UY
23, 99gZERTI59MITHAL, ERET48HEAE., Y I/xFv Y
25—=5— (500rpm) THE#LEL, FHELTWEREZRERIL. BK
ERIERIE L CGEBYWT7 0. 09587k, ZOBBMICMNLIVEMA, H
ELTEBERTZIET, N=XFIL—N— (2—X MFTIF)L) EQO
VoZoL)YY ([Pywel [Lys]l) 35. 8g%INEI 1%THL,
[{t4]

O
R
- Ago0 o HO O :
[“C;; QBr MeOH @ “OMe NH, (NB @o/il}/ﬂ (4)
NS L e W VR e - -

<1-3. 20EOL—-7I/BA 4 VREDER>

LD (1 FREBEE) ERAKOENET., 20EOL—-73 /8
ERVWTA A ViRKEAHR LIcERE, R1ICERT,

RIDE, IRTCODTI/VBTRIFBRNETI A VBREEERTEDL L
Boand, TIT. AFAVDON—AFI—N— (2—XPMFZITFIL) E
OYY=9hlE [Piel EXREBL, P24 VD7 I/ BIE 3 XFRIDTLEH
9%,

[&1]
1
lonic Liquid lonic Liquid
cation anion _ yield(%) | cation apnion  vield(%)
[Pl Gly 98 [P1mel Thr 94
[Pl Ala 98 [Pyl Asn 93
[Pl Val 98 [(Prmel Gln 93
[Paaed Leun 97 [P1umel Asp 91
[Pype] Ile 93 [P1ae) Glu 96
Pl Met 94 [Pyl Cys 89
[Pl Pro quant [P1mel Tyr 73
[Pimel Phe 75 [Pyl His 95
[Pl Trp 92 [P1mel Lys 96
Pl Ser quant | [Pyl Arg 79
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[0064] <<2. Y TZVARER>>

[0065]

[0066]

14wk ([Piyel [Lys]l) 1gilwl,. ®BRY Y= (ALDR
ICH® 1l ignin, alkali:471003—-100G) 0. O
5gaNAT7LEBICEYEY, bwtRREERE L. ERTOHRE. ¥ I/ %
FyvIORY—F— (500 rpm) THEHL, BELTVWEINIZBIETHER
LIBBLTWES, I5ICYF=ZvE0. 05 g9 DMATWEABRESHR
RNz, BRTHRBELLVWOZHERLEZS560C, 100CIKIER. FELT
BEEAFANE, 60C, 100CTIE 1 BEEEHRIEL,
TOOCTHABLARVWDZEZHIRALLL, T4/ —ILTHRL, V=2
ZHHEIE, 3500 r pmTHEZEREROOBEZITV. 1 FVREEY T=
VEDEEL T,

MEBELEYIT=ZVDOXRDAEZTW. ER')J= (ALDRICH#H
l ignin, alkali:471003—-100G) &nR9—vak
BLUAERER T ICRT,

Bl 1 OERNSIASIGL DIC, BEREAHERTE. VIV 0BEEN
ZLTWRWI ERgh T,
<2—=1. AFAVDEWICL ZBMBHEOEL>

FRRO<L1. YITZVAEEA T URERDENR>> ERKROEKHFEIC
U, BEEZAT, UTORER (5) IKRT SO A VilkEERL
oo N, N=YIFI—N—=AFJ=N— (2=AKFIIF)) PVE=
DLTSZY ([Ngpimel [Alal) BEBICVIFIAFIVT IV %
ALTABRL. N, N=YJIFIL-—N-—XFI—N— (2— (AFILFF)
IFIN) PYEZULTSZY ([Nyywrel [Alal) FEEICVIF
WAFNTIVE2-7O00TFLAFILZILT 4 REFERALTEXL. N,
—VIFN—2—ARFI—N—- (2—AMFTIFII) THVTVE=
AT S5ZY ([Noy uey 2] [Alal) BEBICVIFIL (2—XhF
VIFII) PIVEFERALTERL. N—IZFIL—-2—-A F—N, N—
EX (2—ARNFYIFIIN) ZHIVTVEZIDLTSZY ( [Ny ey sl [
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Alal) FEEICIFIER (2—XAMFPIFN) PIVAEFERLTES
BL. 3— (2—=XFEYIFIL) =1 —AFIAIFJYITLTZ=ZV (
[ (2—=ME) mim] [Alal) GEBICT—XFILAIFI—IL%EMEFE
FALTEKLT,

[0067] [1k5]

[0068]

[0069]

e Woo P Me P
gt N N QMSE O \§ Nie DR " S Ala §
LKt N oL E
NHy ) g
{Nzg_\: Mﬁ}{}\;&] iNE'Z’i BT Ejbt\a E‘;
. Cie
{ £t i i $ T
t s P IS H
VUKD . PAls N N
LEET O N BUTE N e AR ~
by, (5)
Ofda Ol

Myeliaig]

[ 2-ME dmfada)

EEED<1—-3. 20fBEOL—-T7I/BAAVREDER>TER L
« [Pywel [Alal] &2 (5) ICRISEOAMFVREICOWT, L

RD<<2. VIZVEMER>S>ERKRDREET, VI DBHENE%ZH
NIHERER2ICTT,
R2DBRHMS, [Piwel [Alal ROV IZVEBBET DI DD

Mo,

IHIC, EREBO<1—3. 20EBOL—-7I/WBA4 VEEDER>T
Bl L7, [Pywel [Lys] &f2R (6) ICFRIN—XFI—N—- (2
—AMFIIFIV) ERYSZOL)TY ([Pyyel [Lys]) IZ2W
T, ERBo<<L2. VIZVABRER>> ERKRDERET, VTV DEMHE
MEFANERERIICRT, N—XFIL—-N— (2-A  FPIFI) E
RYIZg L) Ty ([Pywel [Lys]) BEEBIIN-XFILERYY
VEFEALT, ERBO<1 -1, BEIBSE LUV (14 EEEE) &
BEDAETERI N,

KIDERMS., [Piueld [Lysl. [Pywel [Lys] d@mAH
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EWI D VAR ERT e gh o T,

[0070] [{t6]

- =
&
Py el
[0071] [3&2]
=2
Entry Ionic Liquid Solubility (wt % vs. solvent)
60°C 100°C Total
1 (Noainvel[Ala] 5 13 20
2 [Nzl [Ala] 5 15 20
3 Nope2][Ala] 3 15 20
4 Noquez][Alal 0 10 10
3 [(2-ME)mim]{Ala] 0 13 13
6 [PyuellAla] 20 15 35
[0072] [3]
=3
Entry lonic Liguid Solubility (wt % vs. solvent)
60°C 100°C Total
[Pine](Lys] 40 15 55
2 [Py el Lys] 35 10 45

[0073] <2 —2. P=—AYVDEWNIL DBBEMEOEL>

FREO<T1 =3, 20EOL -7 I /BAAVBREDOER>TER LK
A FVHEEKR20BEFERALT) IV DBRBEREIT>ERAERLICTY
RADFERMS, VIV, PILFZUILREEZL U TZUMNBEL, RV
T, 7IZW75=y, FOUVILIKBBT I NN o, TOER
BH, DIV, FPILFZURRICTI/VEAER >THY., ZO7I/ENY
JZoetIO—RADOETKREEZEKL. VTV O0—IN 55|
TR THMRIBVEBDND, £/, 77V, FOYVIRED
IKRVEVEEF >THY, TORVEVEREITZVUDRVEVEREDR
Sy FUITHEEERICEY. VI F URIKRICR LA T AR
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BVWEDERbhs,
[0074] [34]
*=4
{onic Liquid Solubility (wt %)
anion RT 60°C 100°C Total

Lysine 15 25 15 55
Arginine 15 20 20 55
Methionine 10 25 15 50
Tyrosing 10 25 15 50
Glutamine 5 20 25 50
Phenylalaning 10 5 35 50
Serine 10 20 15 45
Threonine 15 5 25 45
Glutamic Acid 15 0 30 45
Histidine 15 20 5 40
Proline 10 20 10 40
Asparagine 10 5 25 40
Leucine 10 15 10 35
Alanine 10 10 15 35
Aspartic Acid 10 10 5 25
Glycine 10 10 0 20
Valing 5 0 15 20
Tryptophan 0 0 20 20
Isoleucine 10 5 0 15
Cysteine 0 5 5 10

[0075] <<3. /\A # <X AMER>>
H2iIZmlizddic, EEO<<1. ) IZVBAEEAF VBREOEK>
STEMLT. N=XFI—N— (2=XhFTIF)) EAYT =LY
OV ([Pywel [Lys]) 2FALNMFIYROBMERET o, /N1
FRRELTHFy TE2FERAL, KF v TREEORE/ IFYY THU B EXIC
T340V X =FERAL &,
[0076] <3 —1. MFv SAMBER>
AFVEE ([Piwel [Lys]) 1gll0FvT0. 1g2REYY
BICSTY EYEAREL, 60CTT 2BEBEH L, HWT, BODHS
L7k, 14V BEBELOIN LA, TLTISIC, AEYYEILA £ Vilk
0. 3gMMA. 6 0CT1HEHEIR®E. BODB. 14V REBZENNE L
DBEZ20O1T o7, BIRLEAAVREEZTSY /) —ILTHRL, V) I=
VENHIER, VW TERODBICHIT) IV EDBL. EEGZELT
BEZRAELK,
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[0077] #Fv TRBERTEMFY THEY 16wt D) IT=VEBIRTET
ST LT ICIFH20%D) JZUNEENTWVWEIDT, FEALET
RCEEPNTED &N Dh o7,

[0078] <3 —2. EHEDLLE>

EREDOL3I 1. BFv TARER>TELONETE) F=ZV EBTRY
DOEBDXRDZRIE LERERK 3 ISR T,

B3 DFERNL. ) F=VE>ERELIA—-R (Fluka®l Avi
cel PH—=101:11365) O&IWHMNE—INTYT., BRY T
= (ALDRICH# lignin, alkali:471003—1
00G) tRALLIBE—IDBHBIENDM o/, BIFTRY OREITES
tiO0—Z2 (Fluka®i Avicel PH—101:11365) &
BULENNS—VDE—IDRRON, BITRYDOEEIF | BE/L0—XTH
5ERD DT,

[0079] ZF7/=. LEO<3I—1. BFv TAERBR>TELNEZHTBY /=D |
RZAE LRz 4ICRT,

B4 DfERMN5. i) F=vEERYY 7= (ALDRICH®& | i
gnin, alkali:471003—=100G) &1 R®M/Ny—2h%g
HLTWwaZ & gh s,

[0080] 3. HA4DIRMS, 14V ([Piwel [Lys]) 2EALTE
BEREITIET, BFvTHLUIT=ZVDOHEHMEBTE, BELARLS
BB TN O—RTHEII ENTMN o7,

[0081] <3 —=3. JJ=y - -E)O—R - AIE/)NO—5BEERR>

B5ICRLIEEDIC. EED<3—1. BFv TBREER> EAKDEE
THEAR10ICLTYY=v%0. 131 gpBELE, EODEBICHR
BICHKSTEHEDZKT3ER%EL, 0. 1 MOKEAB®RF M) T LKEBERT
ANIEILO—ROBEZTV., HERF 21574, SohHHERFZEZRE
BRI, KTHE%EL, BEEERZRETIZEICIYAIELO-R%O0.
093 9B, ILICEBEDIOLAIEILO-REHBLEHEICE>HE
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BEZKTIEEEL, BEEFEREEZITOZ&ICIYEILO—R%E0. 665
g1/,

[0082] LEH<3—-3. YF=Zv - -E)IAO—R - AIEIO—IADEBER>TE
Shfz) =y, ZLA—Z, AIELO—ADXRDE | REJE LK
=6, M7, M8ICRY,

[0083] BI6DERMNS, Bohk /v eERY V= (ALDRICH#
l ignin, alkali:471003—100G) IEXRD&IR®D
WY —=VBFELELTWBZ &N D, BRRIC. 7 DERML. BFo5NE
LO—REEREILO—ZX (Fluka® Avicel PH—101
:11365) IEIXRDE I RO/ —UDBFELLTWBZ EHFDH B,

g/, M8DERMS, Bohict/O—REAIEILO—RIEXRDE
| RO/ =V PNRELERDIED DD D,

[0084] K6, M7, H8DWERML., 1A VKK ([Piwel [Lys]) =&EH
LTUY=Zy, EO—R, ASEILO—RONBEITI T E T, HBEICI
MODDBETESD I &N DD o7,

[0085] LRH<3—3. YF=Zv - -E)IA—R - AIEIO—IADEBER>TE
Shi=)7=vOMALDI—-QIT—TOF MSAJELLEREZH9
IR,

[0086] BI9QDFERML., Bon V=V DHFER2T1FOFLIMVICRB
ENDMY, REBEOHEEZRAWSIET, YIZVDEEZIFE A ERKE
THIERLKDBET DI ENARETHD &M B,

[0087] LEEREO<3I—1. &Fv TARER>ERKDAEET, KOKDLYICEY
FETTVENAATRELTERL, EREhNL) TV 208EL. ¥
e/ F SOULLELNEY) T ZVOMALD I QI T—-TOF M
SZRELABEREZR 1 0ICRT,

[0088] BI1 OMIERMNL, e/ FhHBFONBYI/=VEm, z=196+
197Xn&Em,/ z=110+197XnD2FEDRY v—HSHERI N,
SOUNSBONEYT=viEm,/ z2=196+197XnDBE—ORY <
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[0089]

[0090]

[0091]

[0092]

[0093]

[0094]

—HHERINTWVWE I ENDH 5,
<3—4. AFAVDEWICL ZBMBHEOEL>
NFAVEBRZAEIEDOAA VHEIKIZOWT, LEBO<3—-1. KFv 7
BIRRER> CEARDERIET, VIV DBRBEERARLEREERSICTT,
FRELEAFVREE, EEZ0<1—1. BLEI/R>SELIT (14035
BiigR) CAKOFETEEEEZATARINZ, N—AFIL—N— (2-
ARFVIFI) ERYTZIL)TY ([Pywel [Lys]) (FEEKI
N—XFIERYSVZFERALTERL. N, N=YJZTFIL—-N-AFIJIL—
N— (2=XKFYIFI) PYEZULYYY ([Noziwel [Lys])
EEEICVIFILAFILTIVEFERLTER L,

KEDERNPSEALAREIIC, [Py mel . [Nooquel IKHARTIP
imel ED TV DBEBEN GV ERS, T,
[£5]
=5
Entry Ionic Liquid Solubility (wt %)
1 {PymellLys] 16
2 [PynelfLys] 5
3 [Noamel{Lys] 3
<<Z4. A1 FVHEED)HA IIL>>

EREOL3I 1. BFv TARERST) IV ERBELT-A F VD
H5T8 /) —IEBEL. BEERREITWAZ VREOBE%To7,
IOBELEAAVEREED Y —KE, <3—-1. BFv TBAHBER>SDA
HELTHRATEE, VIZUDHOTHRALEBERCEBR®B TSI &N
Do T

COBE%ELT. <3-1. KFv TABER>SOBRBEE L THAYT 2%
EZ5OEYRLTE) TZVDBRBENELELLRWVWI EA”DHY, A
UK [Piwel [Lys] FBEULEEZITOIETRELBNANATET
HdIEbMoT,
ARBOGEEZAVNIE, B, KMINIE. REEMLGE, ChET
HEYNBMEI LN oINS FYREYY TR EEILO—IARDICH
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BT ENTEEE RS, Tl 1A VEEK ERLABRELRESEINLT
FEAEORTEHIERSBIRANTESLH, BEYSTHRWY Y -V R
) TV BLENABETH B,

D=k, RY~v—, EER. BEHORBELTINATE, Y7o
FETARTRYRITTVWEOT, ATRYOELO—R/ULTELTHA
DNHEBETH %,
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[E5KIR1]

[E5KIR2]

[E53KIR3]

[E5K1R4]

FER DEEH
(1) FEEkzER (1)
(1]

R —Y

\ n

Q@;I)Q R (1)
PN X ©
=} R3

(X (1) B, R, R3E, ALCTHE>TWTHLL, KFH1

~6DTIFILE, REH2~6DT7ILITrZILEERL, R2(E, 1
BXIEEBBELINTH L, KREF. 7I/&E e ROFTE,
JIZVE RFRE1~6DT7ILFILE kFH2~60DT7ILTr=iL
H 7Z)ILaxTH%EXRL, Y&, CH,, O, SA#%kL. nlE ®E
BUICHREEL, n=1, 2THY. Xi&, PI/BAXOT7=_F V%%
9, RIS TZIVFILE, PLITZIVE, ZILaAFDEEEHREE LT,
NnNagyv, PI/E JIZIE oO7ILFRIVE PLIFVE
XiFe ROFVEDIB 1TEXIIERELTH LN, ) TRIEZY
TJZVURMBUA A VBIKENNM AT A%E520~80CTEALTES

REFR L.
(2) #IEeIRR (1) TRONKBEESREA 4V REBEFRARICOH
L/\

(3) RIEEBIRE (2) THESNEFIRA 4 VRIEBISEEZMA. )
TZU%MESE, 2L TENRT 2IRZHEAS. VIV OEE
T

RIEEXiE, L—7 I /BEARO7 =4V THEBEREBE 1 ICKEHD) &
— v OEERE.

BIEE X, L—US YL —PAFZVHED 7 =AY THBER
B 1 X2 ICEEDY V=V 0EERE.

AIEER T, R3E, KEBEHI~6DT7LFILEETILAFSTILFIL
BETHY, RIEER2IE. KRREFTHY. YiE. CH,THY. nlZ



WO 2014/002674 25 PCT/JP2013/064885

[E53KIR5]

F5RIR6]

[E53KIRT7]

[E53KIR8]

[E5KIR9]

F5RIH10]

. 1 THBHEKREBET~3 0NN DICEEHD) V= DEERE,
BIEER ', R3E. AFIEE2-ANFIIFILETHY. FIEER?
iZ. KERFTHY. YiE. CH,THY., nid, 1 THBHERE
~4 DENnH 1 DICRED) V= ORERE,

RIS (2) IKBVWT, BAEEDB Y 2 5E1F. 2 BXIG=EODHE
THEHZEBERE1~S5DEANMN 1 DICERHD) = v D&ERE,
AIEEIHE (2) O®TH>T. BILTIRE (3) DFENC, FIEEIRE (2
) THRONEAEIC, IOICHIRA 4 VR EMA. siIEETRE (2)
TRONEEENORHIEKA 4 Rk Z0E T 2 TREZEROEX 55
KIB1~6DANN1 DICEHDY) 7=V DRER I,

AIEETRE (3) IKBWVWT, FIESEIE. K 73—, 7T
HHERBE1~T AN DICBED ) V= DEESE,

AIEE LR (3) ICHWVWT, BRI/ A—IE, X% /=), TH/—
o AN/ =L THBHFKRET ~8DEAn, 1 DICE&HD) =
DEES Eo

(4) AIEETIRE (2) IKBWTHELNEREZRENMKBRERS
TREREERL,

(5) BIEEIRE (4) THRONKEARAEBRBERAEICHBEL.
(6) RGBT (5) THLHNEEEMNMOAI I O—RZEYNL.
MNORIEEIRE (5) THONALERE NS EIO—R%ZONT 5TEE
IBICEASD, V=Y, ASELO-R, ROELO—ROBER
%o



1/9

WO 2014/002674 PCT/JP2013/064885

[E41]

@\\\&%‘ e T lignin

a3
3

A
e

N
N
N
?

o | .\\>
@ lignin

50010 15 20 25 30 35 40 45 50

-

B TRE
L5 E U
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ix\\

4 ,4/»'///////////////////4
%

LB A [

SIS SIS,
%,

il B
LA R




2/9

WO 2014/002674

Intensity

¥R Hilignin

5 10 15 20 25 30
28 /deg

PCT/JP2013/064885

8
]
it
R
i
i
il
i
ﬁ: { :§
= i
- § 1
= & ¢
= N &
i § s 3
S Y
N i S \\
d S 3\ A Avicel
ot X Dy e SVICE
S R N e \“\\\\\\\\\\
A X o
Sy N
i
10 15 20




WO 2014/002674

[Eg4]

3/9

PCT/JP2013/064885

IR
i W

YT
15y
2

& | e

1 -
A000 2500 3000 2500

o=

2000

1009 200400

12 5 lignin (ALDRICH 471003-100G)

ey

th

6H |

= §

100

et

o000 1500 1000

4 lignin (ALDRICH 471003-100G)

1500 1000

2 lignin



WO 2014/002674

[E45]

4/9

PCT/JP2013/064885

recovery of iL from water

centrifugation
16,000 rpm B c Lignin
SN 5 min
(Piyelltys] (10 g) + N (0131 9)
Wood Powder (1.0 g) w wash with water and recovery of IL.
0.1 M NaOH agq. solution
_ NHz | /
+ O\n)\/\/\ NH residue: E extract: F
N\/\ 2 7
- OMe o wash with water and freeze-dry wash with water and freeze-dry
[Pimelilys]

Cellulose

(Type I}

(0.665 g)

Hemicellulose

(0.003 g)



PCT/JP2013/064885

5/9

WO 2014/002674

[Ea6]

]
. -
I
i
Y .‘\\.
N «
IR bt
e N .
TN
N

40

. commercial
35

30
2000
Wavenumber / cm?

25
2 8/ degree
v
Japanese cedar

Japanese cedar

18 s/ >, 18
L. @ - ) -
5l K b,/ o
2 ., o, @
ERES] & s “
% A
W 4
. - g e a\\\ |
- \M\Vs
.\\\\\. <10y A 1 s i 2 1

4000

TR f AjSueUy m 2 2 8 g ©
Gr,  aueusuBd |



6/9

PCT/JP2013/064885

WO 2014/002674

- avicel

wt”
\\\\\\\\\\\\\\\\\\\\\\\\\\\
s Z
=7

N

ANsuaiLl PRZIBUWION

[E47]

3% 40 45 &0

20 25 30
2 6/ degree

15

10

o
7 £ =
“, e
., e, 11
K b
",
., 4
.,
e, \
“,
e \-‘iv\n\-
e,
y
oo o s
o,
o,
“re,,
.,
o,
~,
"y
Z
F
%
e
—
s orr arrnin e
o e
{ -
% /

o, j asueplusuRs |

2000 1000
Wavenumber / cm?

3000

4000



7/9

WO 2014/002674 PCT/JP2013/064885

[Ea8]

hemicellulose

f«-“

=

[

oy

5 #
=

g §
eh

®

=

O

il

5 16 1% 20 25 30 35 40 45 &0
2 8/ degree

4 T N 1 ¥ I

. 100

o0
[

Transmitance / %

H H
4000 3000 2000
Wavenumber / om?



8/9

WO 2014/002674 PCT/JP2013/064885

[529]

mer

00

1%

T4

{3000

{_’n‘;z] Sayuy



9/9

PCT/JP2013/064885

WO 2014/002674

[Eg10]

osie ooge

; ) ﬁm.oﬁm [ 'S : m i
OV8PYSE  gzgsvee oveser  O8V8SLL  cacccr  evpzose 998’59z 0SE'996) :
£ov'S.81

v89'LLLL

fan}
Q
O
—

. 00513
uene g g
gLz Em: 000z
§§sss\\\u\\u%w\wmwuﬁw 86 961 0 5
i T L evyzace b P | ! _
eyesrie  VYLESE ¢ wawm mmmw% m@wmr @%%Nm wa%mn ‘8922 1o gwom.wwwm BILC L oveesop [ 99ETRY 1 0z
: : : : £GL0°9891
: 205'8yee 9920657 LirogLz  CGL6S6L omm 88vi 00s
%o.@mf a5
LIETLLL L Lo00be
soudAo asuedef ig P 2
: i508TLS
; @
L 07 QB VO BB b2 LB bt L Y e GE LB o T 86 brooerboen 8L §B i€ B b QLB kB LB Lot T § OB |t QY LB L 0o§L®
; 486961 :..w.u.\.\..m.m. LBl mo L6} _:::.:::m.m .m.m [ SO m‘m .m.m,_ YE96L. C59 w.\.mr 0 =
A S U R P T 3 .00z
L1e6vee tgoveez  O9VLSLT  oppccs  BBEVEET P |
; 6zLi8lZ  CE9626) ; o0b
-009
008 &
i Jepes ssaueder iy g
: 000
et GE LB oot L ke OG LG Lrmtonen @G freckiosss BO D6 bt LT LB L 08 D ®
; b8 G601 96} it




INTERNATIONAL SEARCH REPORT International application No.
PCT/JP2013/064885

A. CLASSIFICATION OF SUBJECT MATTER
CO8H7/00(2011.01)1i, B27K5/00(2006.01)i, C07D295/08(2006.01)i, CO7G1/00
(2011.01)i, C08B15/08(2006.01)1i, C08B37/14(2006.01)1

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classitfication system followed by classification symbols)

C08H7/00, B27K5/00, C07D295/08, C07G1/00, C08B15/08, C08B37/14

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Jitsuyo Shinan Koho 1922-1996 Jitsuyo Shinan Toroku Koho 1996-2013
Kokai Jitsuyo Shinan Koho 1971-2013 Toroku Jitsuyo Shinan Koho 1994-2013

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A Kazutaka Ohira et al., Design of Cellulose 1-10
Dissolving Ionic Liquids Inspired by Nature,
ChemSusChem, 2012, 5, p.388-391

A JP 2010-084104 A (KRI Inc.), 1-10
15 April 2010 (15.04.2010),
(Family: none)

A Nawshad Muhammad et al., Dissolution and 1-10
Delignification of Bamboo Biomass Using Amino
Acid-Based Ionic Liquid, Appl. Biochem.
Biotechnol., 2011, 165, p.998-1009

A JP 2012-012568 A (Idemitsu Kosan Co., Ltd.), 1-10
19 January 2012 (19.01.2012),
(Family: none)

Further documents are listed in the continuation of Box C. |:| See patent family annex.
* Special categories of cited documents: “T” later document published after the international filing date or priority
“A”  document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
“E” earlier application or patent but published on or after the international “X”  document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
“L”  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
citec_l to establish the _publication date of another citation or other “Y”  document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
“0”  document referring to an oral disclosure, use, exhibition or other means combined with one or more other such documents, such combination
“P”  document published prior to the international filing date but later than being obvious to a person skilled in the art
the priority date claimed “&”  document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report
02 July, 2013 (02.07.13) 23 July, 2013 (23.07.13)
Name and mailing address of the ISA/ Authorized ofticer
Japanese Patent Office
Facsimile No. Telephone No.

Form PCT/ISA/210 (second sheet) (July 2009)



INTERNATIONAL SEARCH REPORT International application No.

PCT/JP2013/064885

C (Continuation).

DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

JP 2009-18%9277 A (Toyota Motor Corp.),
27 August 2009 (27.08.2009),
(Family: none)

JP 2010-521155 A (The University of Toledo),
24 June 2010 (24.06.2010),

& US 2008/0227162 Al & US 2012/0193046 Al
& EP 2137318 A2 & WO 2008/112291 A2
& CA 2680790 A & AU 2008226825 A

& CN 101765663 A

Yuko HAMADA et al., “Lignin Yokaisei o Yusuru
Ion Ekitai no Kaihatsu”, CSJ: The Chemical
Society of Japan Koen Yokoshu, 2013, 93(2),
page 231 (B1-38)

Kohei YOSHIDA et al., “Mokushitsu Biomass kara
Kankyo Chowagata Lignin Chushutsu no Tameno Ion
Ekitai Yobai no Kaihatsu”, CSJ: The Chemical
Society of Japan Koen Yokoshu, 2013, 93(2),
page 231 (B1-39)

Kazutaka Ohira et al., Amino Acid Ionic Liquid
as an Efficient Cosolvent of Dimethyl Sulfoxide
to Realize Cellulose Dissolution at Room
Temperature, Chem. Lett., 2012, 41, p.987-989

JP 2012-144441 A (Idemitsu Kosan Co., Ltd.),
02 August 2012 (02.08.2012),
(Family: none)

1-10

Form PCT/ISA/210 (continuation of second sheet) (July 2009)




[E PR RS FEpHpE%Es PCT/JP2013,/,064885

A, FERAORETAHSHOE (EERTFE (1PC) )

Int.CL.  CO8H7/00(2011.01)1, B27K5/00(2006. 01)1, C07D295/08(2006.01)1, C07G1/00(2011.01)1,
CO8B15/08(2006. 01) i, CO8B37/14(2006.01) i

B L LT o2y 8

A AT o T/ NMRER (HEREF 2 (1 PC) )
Int.CL  CO8H7/00, B27K5/00, C07D295/08, CO7G1/00, CO8B15/08, CO8B37/14

/B ERLANOEE CHRHEZITo T DHICEENH LD
HAREERFHEAR 1922—199 64
HAEABEAF AR 1971—201 34
HAREHE R 28 EAR 1996—201 34
HARE B ERAFE AR 1994—201 34

EFRAE CHEMLEFT —F =& (F—Z = 2ADLAFF, EICEM L

C. #9325 LD LA LH IR

SRR D BES 5
BT Y — % FIASGES RO—HOETTPEET S & &L, £0B#ET HEHTORR FCRIB D5
A Kazutaka Ohira et al., 1—10

Design of Cellulose Dissolving lonic Liquids Inspired by Nature,
ChemSusChem, 2012, 5, p.388-391

A JP 2010-084104 A (FkX£&tEKR 1) 2010. 04. 15, 1—10
(773 U—721)

W CHOBEXICHLIMMBTIEIN TN D, ™ A5 b7y I U—ICETABIRA SR,
% BIAXTMOBT I — O B DOBITAE SN SCR
TA ] BHCBIEO H DR Cid /e <, —ROBMK#EL RS [T EEHEEA ELE A RICARSINLEIIRTH- T
Ho HFEE FET 560 T, FBIAOFREIIER
'E | EBEHEBRTOHBEE 38T Th L2, EEHEA DIRDT-DIZBI BT 56D
PglcARERTZLO [X | BICEAEDH D THTH - T M RO A TIHEH
(L) ket RIC SR a Hei 3 5 SCRSU I o STRR O 51T DEFHMETESER VW EELZ BN DL HD
AE L <IIMOR 2B R 2T 2708 HY TY ) HICBEEOS 53R CTh o T, HikCmk & o 1 L4
%3k (B A f9) FoIERE D, BEFICL S THHTHAMAEIC
O] mEEIC X BB, R, BrRECskT 53X L oTESEMRBNEEZLNL LD
[P EHEEHEARTC, OO TROEB L2 HE (&) R—7 2 77 3 U —3CRk
FEpRA 252 T L2 H E S RE S O R EH
02. 07. 2013 _ 23.07. 2013
[E AR A B O 2 B K UV TG FFTEAEE (EROH HHE) 4] | 83445
AARE®NTT (ISA/JP) S2m AT
HWHEES100—-8915
HRATRHEAXENE=THE4%E3 & EEEES 03—-3581—-1101 W#HE 3457

HREXPCT/ 1SA/ 210 (FE2~~—) (200947H)



= BoR AT o5 EEsHEES PCT/ /JP2013,7064885

C (k&) . BIE3 5 L0 55 TER

SRR D BET 5
HF Y — % FIAES RO—HOETREET S & &1L, £0B#ET HEHTORR FESRIEDE S
A Nawshad Muhammad et al., 1—10

Dissolution and Delignification of Bamboo Biomass Using Amino
Acid-Based lonic Liquid,
Appl. Biochem. Biotechnol., 2011, 165, p.998-1009

A JP 2012-012568 A (HBLpEMEE) 2012, 01. 19, 1—10
(773 U—72 1)

A JP 2009-189277 A (k= # BEhEAEA D) 2009. 08. 27, 1—10
(77X U—721)

A JP2010-521165 A (e == F ¢ « A7« [ LV K) 2010. 06. 24, 1—10
& US 2008/0227162 Al & US 2012/0193046 Al & EP 2137318 A2
& WO 2008/112291 A2 & CA 2680790 A & AU 2008226825 A

& CN 101765663 A

P, X |#EH #it et al., 1—10
VU = R T DA A WA OB,
H A LS00 AR, 2013, 93(2), p.231(B1-38)

P, X HH N et al., 1—10
ARNENA A AP BRI 7 = O 72D DA A AR
DB,

HAML 25k AR AR, 2013, 93(2), p.231(B1-39)

P, A [Kazutaka Ohira et al., 1—10
Amino Acid lonic Liquid as an Efficient Cosolvent of Dimethyl
Sulfoxide to Realize Cellulose Dissolution at Room Temperature,
Chem. Lett., 2012, 41, p.987-989

P, A [JP 2012-144441 A (HDEBUPERENZS4) 2012, 08. 02, 1—10
(Z77IVU—72L)

BAPCT / ISA/210 (HE2—0k%) (2009®FT7H)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - claims
	Page 27 - claims
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - wo-search-report
	Page 38 - wo-search-report
	Page 39 - wo-search-report
	Page 40 - wo-search-report

