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Cellulose hydrolysis into glucose

Starch vs Cellulose
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Cellulose to glucose

(a) 320°C
X=47% (t=1.6s)  X=68% (t=3.85)  X=99% (t=9.95)

Cellulose to glucose
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Figure 3. HPLC chromatograms of recovered liquid samples: {3} 320 °C; (b) 350 °C; (c) 400 °C NATOACAH—roL—T, BiRER 75°C/min, R
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Cellulose to glucose
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In concentrated H,SO, at 150 °C for 16 h under Ar,
Washed repeatedly with hot water (80 °C, 3L)
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At 200 °C for 3 h RILRE EEMERRE hRER NTFE

Washed and dried [mmol/g] [mmollg] [m?Z/g] [um]
RILRALE MR AC-SOH 0.4 1.6 806  10-100
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Cellulose to glucose
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2 theta / degree Milled cellulose / No.
Microcrystalline cellulose: Avicel (PH-101). Reaction conditions: AC-SO;H 50 mg,

Ball milling treatment: O - 48 h. cellulose 45 mg, water 5 mL, 150°C,l%4 h.

Cellulose to glucose
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Blank
y-AlL,0,4 y-Al,O4 : Lewis acid
H-beta (75) H-zeolite : -SiO,-AlO,(H)-SiO,-
Activated-carbon Activated-carbon : -COOH etc.
AC AC-SOzH :-SO;H
-SO;H
$ Sulfated ZrO,  :-OSOzH
Sulfated ZrO, Amberlyst 15 : -SO;H
Amberlyst 15

0 25 50
FILa—RIRE | C-%

The reactions were carried out at 150 °C and 0.5 MPa (vapor pressure of water) for 24 h.

y-Al,O4 < Activated-carbon (AC) < H-zeolite < Sulfated ZrO, < AC-SO;H
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Reaction conditions: AC-SO;H 50 mg, starch 45 mg, water 5 mL, 120°C.
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Cellulose to glucose

) A—ZA M55 )L aA—A~Dfilig kR G

EREILO—X

CH,OH
OH CHOH | OH e
HO 4 HO o OH
o o
HO HO
O |HO o oH
CH,OH OH CH,OH iz

FUIHE(EEE=2~10)

CH,OH OH CHOH o
Q Ho o s
° HO
o
OH CH,OH OH

OH

Cellulose to glucose
FEH

TILO—RERTLEL , K HGE TR T B EITKY GEBIRMICT La—R &R/

L O—REFRELTNIL, 160°CRRELTTORMAEKBAEFHTT. B
HEERMERAERTES,

RIEEL T, RAVKRVBREEH T HEIRBRMIEA AR, f2ZL. BULVKEZ
EHENRE,

BRI, BKEDT ST77 A NE D RFNEAR GEE) AT,
ENAFRAQ N O—REEARFEETEEDLITMAKD T DI EIFTRIKTITELLY

20




(BHKRKZOWMYBEH NAATR)IT7A4F)—TATTHIMIDLNT)

HAZETOS I (H27TEE~)

- IBFMEEZERDELIHIR/ (R I7(F)-ORBI<H
=3 ORI ] -

21

BEEERERDELIMB/NAA TR T7AF ) —ICAF = FEM ORI

OH28EETO YAV IN—

IMAIREREM [REEMR- R EETOER]
(RMEER (REE-ETENEE)
- BE (BB -B¥a7)
SEREHR (BB BEEY)
BRRHE (- REHP)
BREESAE (E-£a)

SRATEE (E-EE)

RS TREM [FEVIFAFU—, NI, BEES
-LARE  (BEE-BEER)
CREETE (BB -EET)
CBEARSE (BB KBULE R
CIMERES (BEH-1E®)
CHPFE (@BEt-eE)
~EkH (E. 2HE)
FRER (BEEEEES)
20k (B-1e%)

Hhig SAATREF (BERMEIRIL . SR .
EEE (R NAF2R
EERM— (R BREDSE
HHREE  (AX. ZHE) B WRIE
CKEER  (BEE-EEE)

CERIBA  (REE-EEEMEE)
AT (BRI

NERE (B KBIEEER)

E}E 7I~/\4*f—
-REAEZ (MBIREFEN. g 2—) . BHMKFCOCEE
'm%ﬂh—(ﬁ*ﬂﬁﬂi BRI, REAR L 4— BEREKEV2—12E)

Ik
TDINF

(&3]

3. BENAT IR T DKEGE., ME/KEED ISR
HI3F—F2 (FIY A DM %) DB
"IN (A EO MR S ) DEREE

BEZHEOMKS
Catalytic hydrolysis of polysaccharides

derived from macroalgae
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Macroalgae to sugars
BEONAFIAERLELTOFR

11. Higher growth-rate and production per unit area than terrestrial

1 lignocellulosic biomass and microalgae biomass

1 2. Less competition against food production and fresh water resource
1 3. Not hard structure, because of no lignin

14. The polysaccharides composed by unique sugars (rare sugars)

This study

green algae red algae

macroalgae

microalgae
(Botryococcus braurl)




Macroalgae to sugars

REX) A DINAFTAF A

Production of Euchuema cultivation
REEEOFHMEER h3¥FVEH)
Total production of the world: 170,000 ton
Philippines: 110, 400 ton (dry)
Indonesia: 30,000 ton (dry)
China: 3,000 ton (dry)
Vietnam and Cambodia: no data

BAXFEELR
KBEXEE

Long line cultivation in Vietnam
Photo by Nang
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Macroalgae to sugars

SFITFA /Y
r Component (Wt%y,,) M
polysaccharides 57% (glucuronic acid)  (sulfated rhamnose)
cellulose 9% HOOC. Hg
Q
starch 8%
L i ulvan 40% OH -0;80
Ulva meridionallis; : o OH
Marine Biological Institute, proteins 25% m
Kochi University, JAPAN Iips 7% ulvan @
i 0,
minerals 9% [2] M. Lahaye, et al., Biomacromolecules 8, 1765,
(2007)

[1] S. Tsubaki, M. Hiraoka, A. Onda et al. Green. Chem. 16. 2227 (2014)

Component (C-%) [

carrageenan 55%
cellulose 20%

others 25%

Kappaphycus alvarezii

K-carrageenan

Uranuchi-wan, Kochi, JAPAN.

[3] A. Onda, M. Hiraoka, et al. Proceeding of ISHA‘E%lO

Macroalgae to sugars

extraction

Ulva meridionallis
(Minami-aonori)

Kappaphycus alvarezii

RN (RREEE S

ulvan

BNE(EWEES)
hydrolysis

HqC.
HOOC. OH
HO. Q
HO
OH oaso o
m

solid catalysts
rhamnose

extraction mFxSO G0 M hydrolysis HO CHzOH

K-carrageenan

solid catalysts galactose
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Macroalgae to sugars

ILNC DB AE

Ulva meridionallis

-wash and wet extraction

-ethanol precipitation

ulvan

Average 37 +5 wt% yield (from algae)

VIV D

OComponent saccharides
@ Colorimetry
*Neutral sugar
*Acidic sugar

@ Acid hydrolysis
*HPLC (Rl and UV)
*1C (pulsed unperometry)
*GC-MS (after acetylation)

@ Enzyme hydrolysis
*Amylase Kit

OMolecular weights
=SEC

OElemental analysis
= CHNS

* ICP
2




Macroalgae to sugars

hoX—FETUTY
Carrageenan (Aldrich) and starch (Wako)
were supplied.

JiLLE 9

+5-40 mg of polysaccaride (10 mg)
-distilled water 2 mL
+solid catalyst 10-40 mg (20 mg)

batch glass reactor (8 mL)
microwave oven (Initiator*, Biotage)
100 — 180 °C (130 °C)

1-240 min (10 min) .

[Product analysis] ]
HPLC (RI and UV)

SEC (RI)

-TOC

-IC

-GC-MS a T

FU-E R ftig

OZeolites, activated carbon, and Amberlyst
catalysts were supplied.
OsSulfonated activated carbon (AC-SO;H)
-the conc. H,SO, treatments of activated
carbon at 150°C
~hydrothermal treatments at 200°C.

EREE AT DEREE
(NaOH) (NaCl)
total acid  sulfo groups
[mmol/g]
Amberlyst 70 2.7 2.3
AC-SO,H 2.2 0.4
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Macroalgae to sugars

HOOC.

HaC,
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OH -03S0 N ulvan
m
S) glucose xylose rhamnose TOC in water

E”Zkﬁmb% mmol/L C% C% C% C%
Blank 0 0.0% 0.0% 0.0% 101%
0.01M H,SO,4 10 0.8% 4% 10% 102%
0.03M H,S0,4 30 5% 16% 29% 100%
0.10M H,SO4 100 8% 24% 37% 100%

HY zeolite - 0.0% 0.0% 2% 89%
H-USY (15) zeolite - 0.0% 0.0% 4% 92%
H-beta zeolite - 0.0% 0.0% 2% 89%
Activated carbon (AC) - 0.0% 0.0% 1% 71%
AC_SOzH 4 0.3% 0.5% 4% 64%
Amberlyst 15 40" 2% 8% 20% 92%
Amberlyst 31 25" 2% 10% 21% 92%
Amberlyst 70 23" 1% 8% 19% 97%

Reaction coditions: 130°C, 30 min, 0.5 wt% ulvan aq. 2 mL, solid catalysts 20 mg
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OAmberlystfii i EAC-SO,H (RILTRAE B M i) BREEOD LEEE

0550
HooC HiC. CH,0H o
O, o {0} -0
Ho' 0. 0 0.
OH -0380 OH
OH m oHJN

Reaction temperature / °C

Reaction temperature / °C

Reaction temperature / °C

B

O = —

S )| 72V ho¥—F> ToTY

a 50 50 50

Q w

S [ ]

> a0 Amberlyst70 2

5 Amberlyst70 0 ACSOH

g 30 30 30

i) ]

s o ACSOM|

= B ACSOH .

Um; 10 - = * 10 10 Amberlyst70
*

e e ¢  blank ., blank ® blank

= 0 —_— oW * | o n—n

E 100 120 140 160 180 100 140 160 180 100 120 140 160 180

G

=}

Q

=

Reaction conditions: reaction temperature 100-160°C, reaction time 10 min
catalyst 20 mg, 0.5 wt% aqueous solutions 2 mL

Macroalgae to sugars Oamberlystfil i EAC-SO,H (R ILaRALE M ) fllE o) L8

TUTIVDRIE

Glucose yields determined by HPLC (column,
Shodex Sugar SH-1821) : Effects of reaction

temperature

starch to glucose (10 min)

50
)
O
3 ACSOH o
8 3
o
=
2
S
- *
© 10 Amberlyst70
> *
| blank
o+ n—n
100 120 140 160 180

Reaction temperature / °C

Size exclusion chromatograms (SEC; column, Shodex OH

pak, SB-804HQ) of hydrolysates of starch: Effects of
reaction time

AC-SO,H (130°C)

Amberlyst 70(130°C)

30 min

10 min

1 min

before
reaction

glucose

oligosaccharise

g

starch

Depolymerization

15 /min

Reaction conditions: catalyst 20 mg, 0.5 wt% aqueous solutions 2 mL
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Macroalgae to sugars OAmberlystfil S5 EAC-SO,H filiiE o)
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Size exclusion chromatograms
< AC-SO,H (130°C) Amberlyst 70(130°C)
(@] . T T T T
> ulvan to rhamnose (10 min)
8 50 Depolymerization rhamnose
S ] L N L i
> 20 Oligosaccharise
5 Amberlyst70 (—H
g 30
2 [ ]
Q
7‘5 20 B AC-SOH 30 min
=4 3
; [ ]

g © - ¢ 10 min
E * * blank
E 0 — - 3 min
E 100 120 140 160 180 L
.g Reaction temperature / °C 1 min
£ before

reaction

10 15 /min 10 15 /min
Reaction conditions: reaction temperature 100-160°C

catalyst 20 mg, 0.5 wt% aqueous solutions 2 mL
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Macroalgae to sugars
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