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ABSTRACT
Hydrothermal decomposition of chitin-derived biomass was carried out using a batch tube reactor or fixed bed flow
reactor at 300 - 400 °C for 30 - 120 sec under the pressure of 15 - 30 MPa, in order to clarify the influences of
solvation by pressurized water and acid addition on the hydrolysis reactivity. HPLC and TOF-MS analyses of the WS
fraction indicated that the decomposition at 300 °C provided oilgomer products of 3 to 6 units with a low yield of ca.
5 %. On the other hand, the higher temperature above 350 °C produced the WS fraction with the yield as high as 30
%, however, a large amount of degraded products with UV adsorption was contained in WS, suggesting the ring
skeleton of the unit structure as well as the ether linkage between the unit structure should be cleaved under the sub- and
supercritical conditions. The addition of acetic acid or formic acid ( 5 or 10 %) accelerated very much the hydrolysis
reaction of chitin to oligomers at the lower temperature of 300 °C, the conversion being increased up to ca. 70 %,
although the WS fraction gained its weight by the acid addition. It is pointed out that the control of pH in the acid
. solution and the dissociation of the aggregate structure in the chitin polymer through the solvation are keys to the
enhancement of the hydrothermal decomposition of chitin.
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INTRODUCTION

Chitin, next to cellulose, is one of the major two biomass resources on earth.1-3 Chitin is a natural 1,4-linked
polymer which has N-acetyl group at the C-2 position, while the cellulose has hydroxy! group at the same position of
the monomer unit. Although chitin and cellulose have the similar skeleton structure, their crystal structure and polymer
chain characteristics are completely different depending upon their origins.45

Hydrothermal treatments under the sub- or supercritical conditions have been reputed to be efficient for the selective

decomposition of biomass,57. The supercritical water (Tc= 374 °C, Pc= 22 MPa) accelerates the decomposition of the
polymers to prodiice valuable monomers and clean fuel by shorter reaction times of a few séconds.8.9

In a previous study,!0 it was reported that chitin was much less reactive than cellulose despite their similar unit
skeleton structures, probably because their functional groups at Cz differ (-NHCOCHS3 for chitin; -OH for cellulose),
and their structural analyses before and after the hydrothermal treatment indicate that their intra- and intermolecular
structures through hydrogen bonds may be the keys to their different hydrothermal reactivities. It was also revealed
that the decomposition of chitin under the supercritical water conditions brought about black char materials with
increased gas formation, indicating that the ring cleavage of the unit structure should take place above 350 °C, and the
supercritical water condition be not favorable probably due to poor solvation of chitin,

In the present study, the effect of acid addition the hydrothermal decomposition reactivity of chitin-derived biomass
was examined in order to moderate the reaction conditions for the selective production of chitin oligomers. At the same
time, a flow type reactor with the fixed bed of chitin was also designed for the suppression of the secondary
decomposition of water soluble fraction.

EXPERIMENTAL .
Chiritrpowder of ca. 100 12 m particle size (deacetylation extent: 38 ) was supplied by courtesy of Japan
Health Summit: JHS Co., Ltd. Acetic acid, formic acid of guaranteed grade and bamboo acid solution supplied from

Asia Instrument Co.(extract form the carbonized bamboo) were used as additives for the hydrothermal treatment of
chitin.

The reactor used for the hydrothermal reactions was a tube reactor (SUS 316, 9.3 mm i.d. X 83 mm length, 6 mL

‘capacity) equipped with a thermocouple, a valve, and a pressure gauge. 0.5 g of chitin and 3.0 g of distilled water

were charged into the reactor, and the atmosphere in the reactor was feplaced with nitrogen or carbon dioxide gas.
Then, the reactor was sealed after nitrogen gas was pressurized to the prescribed initial pressure.

373




The reactor was heated in two steps using two salt baths which were heated at 250 °C and the prescribed reaction
temperature, respectively. The reactor was preheated at 250 °C for 3 min and subsequently heated in the second bath
for the prescribed time while shaking at ca. 250 times a minute. The heating rates at the preheating to 250 °C and to the
reaCtion temperature were ca. 100 °C/min and 600 °C/min. After the prescribed soaking time, the reactor was
immediately cooled in a water bath to quench the reaction. The reaction conditions were described by both the heating
time in the second heater and the final temperature reached during the reaction period. In the case of hot-water flow
reactor with a fixed bed, | g of chitin was loaded in the cylindrical bed equipped with 5 4 m ceramic filters at both
ends, the atmosphere in the reactor system was replaced with N3 gas, and pressurized to 5 MPa Ny, The preheated
water at the prescribed temperature in salt bath was flowed at 10 ml/min, and the extracted fraction(WS) by pressurized
hot water was continuously recovered for sampling.

‘The liquid and solid contents in the reactor were thoroughly washed with water and filtered using No.4 glass filter.
The water in the filtrate was distilled off under vacuum, and the water soluble (WS) fraction was recovered. The filter
residue was washed with methanol to recover the methanol soluble (MS) and the insoluble (MI) fractions by the
removal of methanol and the drying under vacuum. WS, MS, and MI fractions were weighed and each product yield
was calculated based on the dry substrate base. The target product of oligomers was fractionated into WS fraction.
MS (water insoluble but methanol soluble) fraction include the larger molecular weight products and degraded
products such as aromatic and color compounds which are not able to be analyzed by HPLC. Mil(insoluble fraction
both in water and methanol) is the mixture of the unreacted substrate and char-like residue. Such characteristics were
previously reported.6.7

The WS fraction was analyzed by HPLC equipped with two columns(SEC W12 and SEC W13, Yokogawa Co.)
and two detectors of UV(254 nm) and RI(reflactive index) in series. HPLC was operated at 40 °C with 0.8 mL/min
flow of a mixture of water and acetonitrile(70/30 by volume) as an eluting agent. TOF-MS of WS fraction was
measured by MALDI(Matrix-assisted lazer desorption ionization) method using Voyager of PerSeptive Biosystems.

RESULTS AND DISCUSSION
Decomposition of chitin in hot pressurized water

The conversion and product distributions in the hydrothermal reactions of chitin by a flow reactor are summarized
in Table 1. At350°C, WS yields were 24.0 and 29.6 % under the reaction pressures of 7.0 and 18 MPa, respectively,
being comparable to thosc obtained by a batch reactor as previously reported.!0 It is marked that the secondary
decomposition of WS was effectively suppressed by the flow reactor because WS was continuously extracted by hot
water from the fixed bed reactor. A higher temperature of 400 °C at 25 MPa under the supercritical condition increased
the WS yield to 35.5 %, while the recovery was lower because of the higher gas yield. In addition, the WI was
converted to the black char above 350 °C, indicating that the retrogressive and coking reactions take place under the
severer conditions.

Figure 1 shows the HPLC profiles of the WS fraction produced from chitin under the pressurized hydrolilermal
conditions. A standard sample of chitin oligomer obtained from JHS Co.Ltd. was also measured for comparison in
Figure 1 (a), where monomer to pentamer are clearly shown in the chromatogram. The WS produced at 300 °C
contained the oligomer products with 3 to 6 units, although the yield was as low as 5 %. The molecular weights of the
oligomers were analyzed by MALDI TOF-MS as illustrated in Figure 2, where the corresponding trimer to hexamer
were included in the WS. The WS produced at 350 and 400 °C contained a large amount of the degraded products
with the adsorption by UV detector, indicating that the ring cleavage reaction of the unit structure should take place
under the sub- and supercritical water conditions. The hydrolysis of chitin under the mild conditions is recommended
for the selective production of the oligomers. )

Effect of acid addition on the hydrothermal decomposition of chitin

Table 2 summarizes the hydrothermal conversionof chitin by a batch reactor with or without acid addition. The
conversion to WS at 300 °C increased very much from 11.4 % in water to 22.0 % in bamboo acid solution(pH: ca. 3).
A bamboo acid solution contains acids such as formic acid, acetic acid, and higher carbon acids. A higher temperature
of 350 °C did not change the WS conversion with the higher gas yield. .

5 % acetic acid aqueous solution significantly increased the WS yield to 55.5 % at 300 °C, and its 10 % solution
further increased up to 73.7 % at 300 °C. The addition of 10 % formic acid gave a slightly higher WS yield of 76.3 %
compared to that with 10 % acetic acid solution at the same temperature, although the some weight gains were observed
with the addtion of acetic or formic acid, 5uggesting some contribution of the addition reaction of the acid to the
decomposed the ether linkage between the tnit‘structures of chitin.




Figure 3 illustrates the effect of pH on the WS conversion at 300 °C. The WS conversion linearly increased with
PH, although it was saturated in the pH range between 1 and 2. The higher conversion is suggested to be related to the
acidity of aqueous solution under the subcritical conditions. However, HPLC analyses of WS fractions indicated that
the higher acidity may accelerate the ring cleavage of the unit structure and the addition reaction of acid.

Based on the above results, it is pointed out that the control of pH in the acid solution and the dissociation of the
aggregate structure in the chitin polymer through the solvation are keys to the enhancement of the hydrothermal
decomposition of chitin.

References

1) Muzzarelli, R.A.A., ' Chitin ', Pergamon Press, New York (1977).

2) Shimahara, K.; Takiguchi, Y.; Ohkouchi, K.; Kitamura, K.; Okada, O. Chitin, Chitosan, and Related
Enzymes, Ed.: Zikakis, J.P., Academic Press, Orlando (1984). »

3) Hoashi, N., Hudson, S.M. Chitin - Healing Power from the Sea. Ed.. Morton, R.J. Will Productions,
Los Angeles, 1995.

4) Atalla, R.H. Conformational Effects in Hydrolysis of Cellulose, Hydrolysis of Cellulose: Mechanisms
of Enzymatic and Acid Catalysis, Ed.: Brown, Jr., R.D. and Jurasek, L. Advances in Chemistry
Series, Washington, D.C., 1979, vol.181, p. 55.

5) Gessler, K.; Krauss, N.; Steiner, T.; Betzel, A. S.; Saenger, W.; J.Am.Chem.Soc., 1995, 117, 11397,

6) Sakaki, T.; Shibata, M.; Miki, T.; Hirosue, H.; Hayashi, N. Bioresource Technology, 1996; 58, 197.

7) Sakaki, T.; Shibata, M.; Miki, T.; Hirosue, H. Energy & Fuels, 1996, 10, 684.

8) Kabyemela, BM.; Adschiri, T.; Malaluan, RM.; Arai, K. Ind. Eng. Chem. Res. 1997, 36, 2025.

9) Kabyemela, B.M.; Takigawa, M.; Adschiri, T.; Malaluan, RM.; Arai, K. Ind. Eng. Chem. Res.

1998, 37, 357.
10) Sakanishi, K., Ikeyama, N., Sakaki, T., Shibata, M., Miki, T., Ind.Eng.Chem.Res. in submission.

375




Table 1 Hydrothermal decomposition of chitin by a fixed bed Table 2 Effect of acid addition on the hydrothermal decomposition

flow reactor of chitin by a batch tube reactor )
Saltbath  Reaction WS Yield WIyield Recovery Additives Saltbath  Reaction _____ Yields (wi%)
temp.(°C)  press.(MPa) (Wi%) {(wt%) (%) ) temp.(°C) temp.(°C) WS MS MI Gas
350 70 2.0 64.9 89.0
350 18.0 296 63.3 929 water 300 285 114 12 756 118
400 250 355 447 802 bamboo acid 100% 300 279 220 00 758 22
bamboo acid 100% 350 33 21 10 731 438
aceticecid 5% 300 287 555 36 529 -
(RIV 3 5000 sceticacid 0% 300 286 77 18 397 .
formicacid 10% 300 288 763 04 292 -
2500
2000 1) reaction time 60 sec after the preheating at 250 °C for 3 min
1500 chitin 0.5 g + solvent 3.0 g for water and bamboo acid,
chitin 0.4 g + solvent 2.4 g for acetic acid and formic acid solutions
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