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71 73S Rt 1-Ethyl-3-methylimidazolium tetrafluoroborates Sl 2 ARE-SE 74904 900l = F 6.2 g/L,

n-butyl-4-methylpyridinium tetrafluoroboratei= 6.4 g/L, n-methylmorpholine [HSO,J= 6.0 g/Lo] IS A& = 33t
o|2HE o] MAE FujE o] g3l AEFETH T S ERlEh

Abstract — In this work, we investigated 20 kinds of ionic liquids as catalyst during the hydrolysis of Saccharina
Japonica. Three kinds of ionic liquid, 1-ethyl-3-methylimidazolium tetrafluoroborate, n-butyl-4-methylpyridinium tet-
rafluoroborate, and n-methylmorpholine [HSO,], are selected, and then investigated the effect of reaction temperature,
catalyst amount and reaction time. The hydrolysis of S. japonica was increased by the increasing of reaction tempera-
ture and ionic liquid amount. Also, the hydrolysis presented the linear increase by the increasing of reaction time. After
90 min of reaction, the concentrations of reducing sugar of 1-ethyl-3-methylimidazolium tetrafluoroborate, n-butyl-4-
methylpyridinium tetrafluoroborate, and n-methylmorpholine [HSO,] are reached to 6.2 g/L, 6.4 g/L and 6.0 g/L, respec-
tively. As an overall result, we obtained the possibility of hydrolysis of marine biomass using ionic liquids.
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ol MA| Fullg o8t
ST, AER, ST, 183 $EFE BRETH2-5,9,13].
‘370l ““]’E-T’— -?4‘55[ Ade] fersitiar 2 A
S7de] AR He] AAE Hg S IvH1,2,4,9]. o]2)gk
e BrslE ] ol T EAA W Aol wet thekst
, % T TheFshkar gl Alvh2-4,13]. AxFrelE T
}mod, mapak, % So] olth. 22 50| BEHES Eo) S8k
71ell w2} 30~67% EElo] 91om, =7 alginate, laminaran 18]
37 mannitol 52 % A5 o] At} Alginate:= MEH FF U
24, B-D-mannuronate®} C5 epimer 7% o-L-gluronate®. ©]5
oA o, a-14 T p-1,4 23S 313l 3)Th Laminaran
Saccharina 2] A7/ V7= F2 p-1,3 Agro 2 7449 glucan
ojr, AUF- p-1,6 A EFE D-glucosel D-mannitohs 2~5% 3
FrataL QATH1,4,9].

EFEHE L AR F522 ¢, 3
aHAQl WP (E4, n] ARl o3) o] FolXITH1,2,11,14-16]. ©] &
(14} 55 A2l <Jal 0.99 gLE, At A 2lE F3ll 4.0 g/ILe] ¥
AE Ak, ZAREE stdslFEslo] A& 7kritallEs o)
alo] ok Wk S S3sIQITH2). A4S ARESE AR 7151
nlo]AZ o) B ZALE Fte] 7 ATE AAE S a-amylase,
cellulase, B-glucosidase?} &4 WHS5H] 83.7%2] 7Iall&s o
Ak g Sl 2R & 54 7kdlete] 2.5%9] 7138F
ﬁﬂﬁ 17.9%%, 7145522 30%2] 45 718101 22.8%°] +8-&

o} w3t H 5161 thAufe) e &35 ascorbic acid®
ﬂ =2l ska liquozyme® = 7 FEslEke] 272 g/L«] Atk
RSttt T25721 IRY(K. alvareziiys 10%(w/v) 7 ] , 18]
02 M 3t 271elM 130, 15% B2t Ab7E=2alist A3}, 38.45 /L
9] 33} 23.87 g/ galactose, 12|37 0.89 g/L2] glucoseE ~Y
Asict. Teu FAME R 4.85 g/Lo] 5-HMFS} 2.8 ¢/L2) levulinic
acidZ} SIS Tk W uslSIt11]. £ ATtellM= SufjellA 7
o] AAE 1 QI 3T 5 thAnkE thde® A& Fdlsta
2t ak3iet.
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Tt En *}‘:9} WNEF golstA 2HE F e 5 553 =
23lerA] S 7L itk olefgh 54 0= Qla) 78l Zi,
28, A, vlo] @ ok Foll del 3-8-E AL QiT} [17]. Ak &2
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31 QM AT T thAIvkE tde R g Zhits] Aol Sl
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2-1. A=

A& o AR TrA v Saccharina japonicay= ()& (A&, ot
)2 BEEUNh AR Tske] ARRSISIE EEAIE AR
AR} Z717F 200 pm ©lskke- 2fato] Aol AR-SISiT. gl
AFESE o] 24 AAE= F 207HAE 1-butyl-3-methylimidazolium
trifloromethansulfonate (IL-A), 1-ethyl-3-methylimidazolium triflorome-
thansulfonate (IL-B), 1-butyl-3-methylimidazolium hexafluorophosphate
(IL-C), 1-butyl-3-methylimidazolium tetrafluoroborate (IL-D), 1-ethyl-
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3-methylimidazolium tetrafluoroborate (IL-E), 1-butyl-2,3-dimethyl-
imidazolium hexafluorophosphate (IL-F), n-butyl-4-methylpyridinium
tetrafluoroborate (IL-G), 1-butyl-1-methyl-1-methylpyrroli-dinium bis
(trifluormethylsulonyl)imide (IL-H), 1-ethyl-3-methylimidazolium hexafluro-
phosphate (IL-I), n-butylpyridinium chloride (IL-J)& Merck AFS] A
F2 AHESISITE [NMM (n-methylmorpholine)] [HSO,] (IL-K), [NMM]
[CH;SO57] (IL-L), [NMM][TFA] (IL-M), [NMM][H,PO,] (IL-N),
(NMM][NO;"] (IL-O), [NMIICI (IL-P), [NMM][CIO, ] (IL-Q), [NMMICI
(IL-R), [C,mim]CI (IL-Sy= 3310 AME-8I3ATE. N-methylmorpholine
(NMM), choline chloride (IL-T)%= Junsei Pure Chemials Ltd. (Japan)2]
AE-S ARSI Sulfuric acid (Duksan Pure Chemical Co. Ltd.
Korea), calcium carbonate (Sigma-Aldrich Co., USA)= A|2F3-2] A
& ARSI

2-2. 7~Eol|

ol/d HA7} thAlrte] TRl nixE PEe dobr] 9
slo] v 2 WS o] 83IRITE thAluE S 5% (wiv)S &
7t 9A Sl £33 &, Sl vl emii b T

71Z0 2 1) 7ige] A2 100 mL Z2kHe] thalef
B4 20 mLE FaL Agdelr A3 ko] FuiE UK 5 1083E
shaking incubator®ll 4] 30°C, 150 pmC.2 FAstA &3t 5
autoclaves ARSI Ao A 2ol 7FEdshaA] A3
HESAIZE Bk whSshas] A E o] oS S4sIsitt o]
autoclaveol] 27 st 5o o]2= AFEE RESAIte] 1elshA] &

k.
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2-2-1. Zvl) A7

71l el A3l o]2/d AAE M7t ] Aste] Ful= H,S0,
ZnCL7} 205:2] o]/ HA|(IL-A, IL-B, IL-C, IL-D, IL-E, IL-F, IL-
G IL-H, IL-I, IL-J, IL-K, IL-L, IL-M, L-N, IL-O, IL-P, IL-Q, IL-R,
IL-S, IL-T)S Zul & ARSIt 243k S)|9] 5= o] o~
FTHES 71FOFE 10% (ww)E AA810] 121 °ColA] 15 53\t
S3to] A FATE s S7gste] vt

2-2:2. HFS2

sto49]r Fi Aol fhelge] Adso] st &

389 oA A FH(L-E, IL-G IL-K)E thdo= k-
Tl mE FFE ARSI 483 Fulle] s vpol el
FE 7IEOR 10% (wiw)E 2738107 90, 105, 121 °CollA] 5%
b Rkgslo] A gl ke Sgsisith
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2-2-3. FHlEE

ZiEslell vRleE SulEe] Qs dolrr] §Jste] vo]u)
A FEES J)|F07 10, 20, 30% (ww)E o] FEE HAst
o] 121 °Coll 15% 53 REg3te] A E o] oS 53t
Stk

2.2-4. QFEAI7E

7iEslol vRIE HRSAIZEY] JERS ot y] fs1ed 121 °Ce]|
24 15, 30, 60, 90 &<t RS- AAJsto] A o] oFS &
A3isict.
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2-3. AR

ChAmel] 5= 0] Q1= Shl, ash, 5-20] s ALY ] Sl5)e]
Biomass Analysis Technology Team Laboratory Analytical Procedure
(Ver. 2004)2] blo] vl 41 A 7G-S MEsto] s A
AT 1,18]. FHde] RS Eike o] g3te] Hlo| miAE 2
SAZ 7HEREete] S0, AR freed)e] A
DNSH& o]&ato] #4830tk Ashe] -8 Ax¥ thAukE
575 °C] a2V ZeA 4XIRE SRt 515} § 253 ashd] FHO
25 ARGt 0] S AlEE 105 °C8] AxT]elA 12
ARE FRE AZE & o] AAE Ax AR50 FFOETE AL
ElPois A= et e L R R B I i = b e (A s
2 WA ER] o ZhE0] FEo 2 YeRSIth Alg T2 Sl
3PS 717 F DNSH O % 2334 7E ]88t 580 nmell
A ZA8IGIT) BFEAERE glucoseS AFREIITH],5].

3. 21 ¥ 0F
3-1. Y2 =B ME =AM

sllzTre] T B = 53R S A, 71F S
e} vhekairhar A Qlrh2-4,13]. 1 Q1o ARE-SF thalute) 3t

1, ash, 0] G 2ARAH Table 1). el AH§3 b

nh= 3w 30.7%, G5 5.2%, ash 22.8%, 1)1 7|EFHHA, X

W 5) 414%% TAH O] JSITh 2 T 22 2 38.9%, T
4.8%, ash 17.8%, 7|E} =2 38.5%= d=]o] QATH1]. =5 =
AES: 39.4%, 792 44.7%2] SRS ekl ASITHI. ol
CAlmte]] H]gto] W oFe] s shietal Qe Aotk 4 5
[519 3l =272 AZH(Codium fragiley 57.1%, Il (Ulva
lactucaye 33.0%%] TS HAsIivky B arsict. seeh S
21 Z(Porphyra teneraye 34.4%, = (Kappaphycus abvareziiy=
55.7%2] S FHskaL SITHS).

3-2. 0129 M| Fojo| MY

ol MAZE FHol thAete] Thealell vAlE e &
ofr7] §18te] 2052 o1 HAE FhE ARSSISITE. 5% THA
o 2 GE 7IEe R e FiE H,S0,, ZnClt 2052

Table 1. Composition of marine biomass

Biomass Reducing sugar ~ Water Ash Others*
(%) (%) (%) (%)
Saccharinajaponica  30.7t04  52:04 2284001 414

Table 2. Hydrolysis of Saccharina japonica with ionic liquid catalyst

o] @A WA Zul(IL-A, IL-B, IL-C, IL-D, IL-E, IL-F, IL-G, IL-H,
IL-I, IL-J, IL-K, IL-L, IL-M, L-N, IL-O, IL-P, IL-Q, IL-R, IL-S, IL-
TE ARSI 121 °CollA] 153 &<t 723l S 3518t
2] T UARE $HE VIS0 R 10% (wiw)E A5t

Table 2] of2] F72] o] HA| FulE AHg-3te] thaln} 715
35 e 7S ERNITE Control G ol F-57H)S] 74-9-oll=
72l ghido] A=A ottt 3 ZnClLE ol ARESE 79
o = kit Agido] wiottt, 5%2 o] Al Zul(IL-E, IL-G,
IL-K, IL-D, IL-N)¢} H,SO5 AHE-gh A3lelA gheldo] 4w o]
thAlmte] 7RSS Rlekint. IL-K (INMM][HSO,]) o273 9
A Zrfelld 71 =& 8 885(2.54 gLy Bt o) IL-
K2 [HSO, 7} 4t A =71 Wit o2 Alsgtt. IL-ES} IL-
G H,80,9}F fAkst w59 $ldo] A=A, IL-D9}F IL-N&
Thas Bk o] S-S AVdeilct. o] & ghdel Adso] v<rst
thal = 358 o4 HANIL-E (1-ethyl-3-methylimidazolium
tetrafluoroborate), IL-G (n-butyl-4-methylpyridinium tetrafluoroborate),
IL-K ((NMM] [HSO,])E Zrl 2 AAslaich A4 359] o] &4
N2} HyS0,5 o vhe-2 0, Fuflak, WkgAl7tel n2 kS
B iAo

3-3. HIS2Eo| HE

o] 24 M) FujE o] 83t Al iG] AelA
7 7RmEsllell vA S dolry] 9181 352 oA A
(IL-E, IL-G IL-K)E tPdo 2 AH-S st 2835t Zul 2 &
T H] A FES V02 10% (wiw)E 227831 autoclaves
AREERT 90, 105, 121 °CollA] 15%- F<k vESAIA AAH Shle)
oS 3Rt 352 ol/d A FHujjel oist thAut 723l
ArollA] HEE-2E0] ks ZAFSE A¥E Fig. 10 YeER|SITE =
£ ol M FHull APelA] b7} 121 °C7} F] ook thAlnt
7hEl7E dojubs Ao 2 FRIESITHIL-E (2.04 g/L), IL-G
(2.023 gL), ILK (2.54 g/L)). ZHlE 7kt & Aoy
sulfuric acids H7Fet Z-9-ollA% 90 °C} 105 °CollM= E-de]
Ago] A2 dojubA] edortk. ek AUl 3Rk olux] &
S8l ole}, BAME(5-hydroxymethylfurfural, furfural, formic acid

HRS- Q.

10 o

)9 WS oprIste] % AAdE e o] gof W Aeko] oA
HoH5,9].

3-4. SOEC| A
Ak Zl=Ealel |l
1] $J5le] 3%9] oA

ol—o]_

=

A o)A NA| Fuljeke] s
NA(IL-E, IL-G IL-K)E thOZ 5%

Catalyst Reducing sugar (g/L) Catalyst Reducing sugar (g/L) Catalyst Reducing sugar (g/L)
Control tr IL-F tr IL-N 1.05

H,SO, 2.12 IL-G 2.02 IL-O tr

ZnCl, tr IL-H tr IL-P tr

1IL-A tr IL-T tr 1IL-Q tr

IL-B tr IL-J tr IL-R tr

1IL-C tr IL-K 2.54 1L-S tr

IL-D 1.54 IL-L tr IL-T tr

IL-E 2.04 IL-M tr

tr: Trace amount, 5% (W/v) S. japonica solution and catalyst (10% (w/w) based on biomass weight) are charged into a reactor. The mixture was stirred and

heated to 121 °C with an autoclave for 15 min.
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Reducing sugar (g/L)

Catalyst

Fig. 1. Effect of reaction temperature on hydrolysis of Saccharina
Jjaponica. 5% (w/v) S. japonica solution and catalyst (10%
(w/w) based on biomass weight) are charged into a reactor.
The mixture was stirred and heated to 90, 105, and 121 °C
with an autoclave for 15 min.
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Fig. 2. Effect of catalyst amount on hydrolysis of Saccharina japon-
ica. (A) HSO4 (B) IL-E, (C) IL-G, (D) IL-K, 5% (w/v) S.
Jjaponica solution and catalyst (10-30% (w/w) based on bio-
mass weight) are charged into a reactor. The mixture was stirred
and heated to 121 °C with an autoclave for 15 min.

wv)e] 714 kel Ful| S5 vlo]emiA TS VI0E 10,
20, 30% (w/w)E A743l0] 121 °CollA] 155 B} vlk3slo] WA=
2] RS nwsIGIt). Fig. 2= 359 o273 a4 a9 5%
ol W ThAlel 7KeRs) S 2k Asjolnt. Peige] Aol
H,80,8] 557} S7FS &2 o= T8kl aL, IL-E9] 7%l
S s 30%L W 7Rkt IL-GE 739l Frlls el
e A ARl S7F S JERASITE IL-Ke] Z-F-oll= 20%e1A4
7P =8 B S HERIQILE ol AdE T 4Rt
a7} o] o)A Ao g satket g3 uhorel QJ&hH G amansiid
A7IR3lolA glucose”} galactose H.bF 352 HES-= 57} H QahH,

5 chlrlite S A 109

T1(A) (B)

Jdeo o

Reducing sugar (g/L)

0 20 40 60 80 0 20 40 60 80
Reaction time (min)

Fig. 3. Effect of reaction time on hydrolysis of Saccharina japonica.
(A) H,SO, (B) IL-E, (C) IL-G, (D) IL-K, 5% (W/v) S. japon-
ica solution and catalyst (IL-E (30%), IL-G (30%), IL-K
(20%) based on biomass weight) are charged into a reactor.
The mixture was stirred and heated to 121 °C with an auto-
clave for 15-90 min.

Ir

=2 Fl w e Vel 3 FARE R EA7Ivka Husleit

53 Zhou (19101l &J8HA Chilorella F-2+-8 ©]-&A) N [Emim]Cl
Sl HCEE: Full2 7-24lE A7-et A nlo|om 555 of
H] 7%2] HCHE: |2 ARg-810] 2a1e] 7iall 8-S ddrka 1
ks iAo

f

3-5. HISA|ZI0| it
CRAIREE] 7Rl ol v A= WEgAITEe] PakE dobrT] flate]
3%9] o]2A AA(L-E, IL-G IL-K)E o2 5% (wiv)S] 55
2 2730 nlo] i TS V1E0 R A AFoA =2 ke 6]l
ZufEFo A 10~30% (wiw) (H,SO, (30%), IL-E (30%), IL-G (30%),
IL-K 20%)& A3l 121 °CellA 15, 30, 60, 903 52 -5
AXEl] A E sk wke] ok8- v walit) Fig. 38 "SR] 7ho] wh
B F71RHH,S0,)% o278 HA| Fuljel] gJgt thA|nt 723l
S5 vERd Zlojrt. SullE H7kebA] &2 thaTroll ks wESAIRE
o] At e fEE e Tt WA AAH, RESAIRE
of mh Z WMsE JERA| 9tth(data not shown). H,SO, (A)2]
oM nkgAgo] SRR FA%E ERel S Lehgle
L}, 3050l Tha 7hadhs AeS eRjgith. BE o] & ol
S| ARESE 790l Qlo] Alztel] e MF A SIS KAl
IL-E (C)% %UHE Al%ﬁ& %‘%Oﬂﬁ% WEgAZlo] S7VerE Ay

IL-G (D}~ = Al% o“?‘ ﬁﬁé@(ﬂ 712 Bl o, 90% Fof
ok 6.4 g/LFl] FES AU ILK (B)YE 371 F9- <F 6.0 gL
SIS 95 AU 919 Aif= vhAetel] 23k gl d

Aot ﬂau 40 4% (IL-E), 41.7% (IL-G), “12]3L 39.1% (IL-K)2]
7hral] e YRl Aot sl A 7Raal whgellA
HESAFo] S7heS sl 7o) thde] ddow FafiE o ojo]
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i

2F&(5-HMEF, levulinic acid, formic acid, furfural)@ Helt}ar B
E 3 91o][2,5,9,11], TERkS 7] SJsiE HA ) wkeAgkS:
ghAlstoof gt

918 At ol MAS Fulz ARgsto] sxT vle] er)
22HE S sk 7S ERIsISaL, A E s ol8ate]
Has B9 18=A0] o] Thsotelet At gk o] 24
NAE 34 gAlel 1 steto] Arkg-2 Al & 5 = ol 1L
#]&|ojof ghr}ar dAehe),

4.4 E
sl ThAlmte] Fiael Hget oley Al Hulg 414
&F7] 918t HyS0, ZnClyt 2082 o2 JAIE o 213l
SR ARES10], o] F e AdEe] sttt w3

9] o] 24 M| Zull(1-ethyl-3-methylimidazolium tetrafluoroborate
(IL-E), n-butyl-4-methylpyridinium tetrafluoroborate (IL-G), n-methyl-
morpholine [HSO,] (IL-K))E 4173}3tt. o] o]/ HAE
O W25, SRk, WhEAIRe) i GEkE AL A 352
ol2/d M| Fuff KiFelA] REE 57 121 °C7F Hojof tpAmte]
7kl F dofu= 2l o ® RISt Faljgke] Z3-9-ofl AlolA=
IL-E®] 7-9-olli= Znll 557} 30%Y ® S718ith. IL-G2 7-9-ol=
Fs ool wet AP Al T A4S vERIT IL-Ke] 739
= 20%M4 7P 2 Sl A S VERISITE HESAIRTO] A
of w} 352] K= o]/ AA Fuje] AH-gelM dFH 0w St
== AEE VERISITE ILES S0 ARS8 A pollx= 0ol
ok 62 g/L, IL-G= 64 g/L, IL-K= 6 g/L9] T3-S 42 5 A
40.4% (IL-E), 41.7% (IL-G), 18] 3! 39.1% (IL-K)2] 7<=
24l 582 UGt ol2HE o)eA e Sulw o)83
heRzte gol ke 1S,

a1, 717
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