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Fig. 1 Schematic of the experimental apparatus. (1) reservoir of
substrate (saccharide) solution; (2) pump; (3) tubular reactor
(coiled stainless steel tube); (4) cooling coil; (5) in-line filter; (6)
back-pressure regulator; (7) sampling tube; (8) helium gasbag; (9)
oil bath; (10) iced water bath.

I A AV (SRX 310, HL H Y ea—=27 2 a
— M) Z T2 LI IR IZIR LA 116 AT D
SUS316 (N££ 0.8 mm) |, > U= AF— L (N£E0.76 mm) %
72II AT A C276 (£ 0.98 mm) BlF =—7 (W Fh
HY—T AT AW) RS LT, Fa—T7 DRI
1X0.5m253meL, FMEESITFICLAEEORRE L
PRI (5~300 ) ICHEASWTREL-, BT 220°C
DERIHED | AF—F (HM-19G, /INHRS B bR SRR
) TRHLL-, SOGaE IR E SIS HIE ISR L
7eF2—7 (BZ 1.0 mIBEAL TRISEAFE LTz, (A
3T 1AZ~ 2 —F (TRL -107NH, h—~ AR Z2500) %
7213k AKIZEDH) O°CITtkoT, W ENE &2 =TT, v

FA2 7 4L% (6310F2Y, Hoke, USA) &~ 7D H 275
J£ 77 (26-1761-24, Tescom, MN, USA) % #& C G RIT
STz, SROEI NI ERITEY 10 MPa (2>
“o WIEFROREREEBELC, BAEBMGE., SUGHR
NOOFIFRE R D 25 F5 LA LD BFRIANRIE L Thb,
B E BB L 3T I LT,

NaCl DI, 7 /va—AL7 7 h—2Z1F 0.2 mol/L,
< )= AE VR —A1F0.1 L 0.2 mol/L LU, HaAE £
VIKHICO S REIR T2, 7777 h—AD 53Tl NaCl
JEE% 0.01, 0.05, 0.1 BL000.2 mol/lL LT, BEDE
AT TRETLT,

SRR T28~F Y — AR E =Y R h—/L
AWNEIEAEL T2 HPLC ICKV ERLZ, Rtk E
0.5%(W/V) TURY /LK% 1 9 DIRFETIRAL
7205, 0 10 uL % Asahipak NH, P-50 4E 5754 (4.6
mm¢ X 250 mm, AEFNE LK) LoRZEm ek (RI-101, i3
e TMR) 23535 172 HPLC (LC-10ATvp) IZ &M L7, ¥
BERIZIT T B =RV LK OIRAR (AR 7 2 3) 2 FH
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XY —AD G IRAERD D —>TdHhDH HMF X,
YMC-Pack ODS-A 7.4 (4.6 mm$ X100 mm, VAT
L —() & UV #iHEE (SPD-10AVvp, &t RVERTER,
284 nm) A4 L7= HPLC (LC-10ADvp) 2LV ERL 7=,
BRI IAZ ) — b KIRGIR (RS 10 9) T, &l
0.5 mL/min &L7=,

F7o, BUSKED pH % pH A—%4 (F-13, S5 R ERTIR)
[CEY=RIRTHIEL,
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mmol/L K,HPO, /K¥&#Z (It & 0.5 mL/min) 25 FH L 7=,

BRSO HMF & pH (1, ~F Y —ADGE L [FERD
FECTRIELTZ,
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Fig. 2 Degradation processes of aldohexoses, (LI, H) glucose,
(<, @) mannose and (O, @) galactose, in subcritical water at
220°C. The concentrations of sodium chloride in subcritical water
were (open symbols) 0 and (closed symbols) 0.2 mol/L.
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TAIET D EEL RS-,
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e T, EAMEL R OIS AR/ NS
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AR, WO BREGIRERE n < 1 THY, FLV T
OO 3 FRDEEAT T 203, W B RERIN R 72D 53R
DB LT,

HZ I N—=AD SRR T % NaCl DRI Th-o
7o £ Z7C, NaCl #2713 0.01 mol/L 33X 70 0.05 mol/L T
Doy fEFE I EL , RQ)D/ ST A—=F k& n DEZEF
L7z, Zivbé NaCl JREDRR%E Fig. 3 127, Mk
ZhRE | IR E n 13 NaCl O E (K FEd°, 0.4 Hitk
Tholz, —77 . HEEEE K 1X NaCl DIREEIC R EKAT
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7

Table 1 Kinetic parameters for the degradation of hexoses in subcritical water at 220°C

pevose ") 0 01 02
Glucose ksl 1.60x107 — 490X 10°
n 0.590 — 0.914
Mannose ks 201X10°  220X10°  261x10°
n 0.730 0.595 0.488
Galactose ks 826X10"  386X10°  137x10>
n 0.899 0.455 0.409
ks 4.80%10° — 633%10°
Fructose . Lt B .
kls'] 591x10°  132x107  118x107
Sorbose i - o .

"

—": Decomposition process was not observed.
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Fig. 3 Effects of the concentration of sodium chloride on the
kinetic parameters, (O) k and (A) n, for the degradation of
galactose in subcritical water at 220°C.
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FL000.2 mol/L NaCl -Co4rfiFiEfe (220°C) % Fig. 4
(R, VAR —A1% 0.1 mol/L NaCl /G i fe s
HELTZ, WTnos @izt Ch () 2@ AL T
HEEEH K ETERRE n DA RO Tz, ZibH% Table 1
("9, TIVRAF Y —ADBA LRIERIZ, NaCl KIATR
IS RS LA 358D BT, L, VLR
—AD GRS % NaCl BN TR Cldan o
77

1.0 T T T T T T

05 =

Fraction of remaining substrate

0 100 200 300
Residence time [s]

Fig. 4 Degradation processes of ketohexoses, (A, A) fructose
and (V, V) sorbose, in subcritical water at 220°C. The
concentrations of sodium chloride in subcritical water were (open
symbols) 0 and (closed symbols) 0.2 mol/L.

3. 3 5-EFAFIAFILIIITT—ILDERK
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Fig. 5 Conversion of hexoses to 5-hydroxymethyl-2 -furaldehyde
(HMF) in subcritical water at 220°C. The symbols are the same as
those in Figs. 2 and 4. ACgyusrate IS the difference in the hexose
concentration between the feed and sample, and Cype is the HMF
concentration in the sample.
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9, 0.1 mol/L NaCl H T [AERD M EZETT 72,

fi it K T ORZ T — A MK EEFEL . RICH
TET 2B ORELZZBE L1252 T, R EAE (RY
71— 2) R LD LT BB IR E ORI B D L EL
7= B iR TR TED Y,
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Fig. 6 Relationships between the sucrose, glucose and fructose
concentrations in the sample and the residence time. The symbols
(O, @), (O, M and (A, A) indicate sucrose, glucose and fructose,
respectively. The concentrations of sodium chloride were (open
symbols) 0 and (closed symbols) 0.2 mol/L, respectively. The
sucrose, glucose and fructose concentrations, Csy., Cgc and Cgy,
are normalized by the sucrose concentration in the feed, Csyco.
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Table 2 Kinetic parameters for the hydrolysis of sucrose in
subcritical water at 220°C

NaCl Conc.

[mol/L] 0 0.1 0.2
k [s7] 1.30x10°2 1.35x1072 1.29x10°2
A 0.0914 0.0945 0.111
4. % ®

3HEDOTNRAFY—Z (T NVa—R, v ) —ABIN
HIITR—RA) L 2 FED T hF ) — A (T NVTh—AEY VR
—A) @ 220°C O H i S K H T D 53 i B B AE T
NaCl D Z L=, NaCl DIFEIZWThD~FY
—AD GRS BAEHE LT, ZEC T T M—AD 53 fiRE
FEIZ NaCl JREEIC REEES N, LAl NaCl i34~
XV —ADGRIZ IV AR TS HMF B2 35 88% RIFE
2hoT-,

— 77 HEESK (170°C) HHTORTm— DMK 53 R
[ZRFLCIE, NaCl OFRINTIFEAE HBE FIF S0 0>
7=

ZOIINT, SR OFEEIZEY NaCl D2 T e
STz, LL, NaCl 2SHERE K Co~F —RAD
SfRENE T 2B IR THY 5% OPETHD,
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Summary

Water that maintains its liquid state in the temperature range of 100°C to 374°C is called subcritical water.
The water has two features: one is a low relative dielectric constant and another is a high ion product. The latter
indicates the possibility that the water acts as an acid or base catalyst due to high concentrations of hydrogen and
hydroxyl ions. It has been known that monosaccharides are degraded in the subcritical water and that the
subcritical water catalyzes the hydrolysis of di- or oligosaccharides. However, the effect of salt on the
degradation or hydrolysis has not been elucidated. The purpose of this study is to examine the effects of NaCl on
the degradation of aldo- and ketohexoses and on the hydrolysis of sucrose.

Glucose, mannose or galactose were dissolved in distilled water at 0.5% (w/v), and its degradation was
observed at 220°C using a tubular reactor. The degradation was also measured for the aldohexoses dissolved in
water containing NaCl at various concentrations. The degradation processes were analyzed based on the Weibull
equation, and the rate constant k and the shape constant n were evaluated for each degradation process. The
presence of NaCl accelerated the degradation for all the aldohexoses. For the degradation of galactose, the k
value increased with increasing NaCl concentration. Degradation of ketohexoses, fructose and sorbose, were also
accelerated by the presence of NaCl. However, the formation of 5-hydroxymethyl-2-furaldehyde from both aldo-
and ketohexoses was not affected by the presence of NaCl.

The hydrolysis of sucrose by the subcritical water was also examined at 170°C in the absence or presence of
NaCl. The hydrolytic process was not significantly affected by the presence of NaCl, and it could be described
by the rate expression of autocatalytic type. Because no significant degradation of glucose and fructose, which
were produced through the hydrolysis, occurred at the temperature, the monosaccharides were formed in the
concentration corresponding to the decrease in the sucrose concentration
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