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The chemicd converson of cdlulose and darch as treated in supercritical methanal was made with a batchtype
reaction vessd, and a comparaive sudy was made on their decomposition rates and the product yidds The
decomposition rate condants of darch obtained were condderably higher than those of avicd a a range of
temperature from 255 to 300 °C. The maximd totd yidd of the monomeric compounds such as methyl ?-and
?-D-gucoddes and levoglucosan was 78.1 wit% a 5 min trestment, which was more then twice that from
cdlulose In addition, unlike cdlulose, the totd yidd of methylated oligomers and monomeric compounds were
not hardly changed under the prolonged trestment. These differences of the decomposition rate congtantsand the
product yields between cdlulose and garch could be explained by the differences in the molecular sructure and
the cage effect of methanal.

Introduction

Cdlulose is a linear macromolecular compound of (1? 4) - ? - D- glucopyranose, and the configuration of the
C1 pogtion is different from thet of starch which occurs in two forms with helical gructure, amylose and
amylopectin. The former ismade of (1? 4) - ? - D- glucopyranose, while the later is a branched molecule with
? (1?7 6) ducosdic bond. Aswith garch, glucose is the only monosaccharide found in the hydrolys's products of
cdlulose. However, unlike garch, cdlulose is linear and moderatdy crystdling, forming numerous hydrogen
bonds inter- and intrasmolecularly. This difference results in a difficulty in hydrolyzing cdlulose, compared with
darch. Therefore, a comparison between cdlulose and darch is of great interest to evduate a potentid of the
chemica converson of cdlulose by the supercritica fluid trestment. For the supercritical water trestment, Seka
and Ueno reported that cdlulose was hydrolyzed to, more or less, the same degree as corn darch for 5-10
seconds with a semi-batchtype reection vessd [1]. However, there is a posshility that some noticegble
differences between cdlulose and garch can be observed for the supercritical methanal trestment because its
trestment is congderably milder than that of weter [2]. In this sudy, therefore, a supercritica methanol trestment
of garch wasinvestigated, and a comparative study between cdlulose and starch was made. To put it concretely,
the decompogtion rates and the product yields of cdlulose and garch was compared, and the decompaosition
mechanisms of these natura polymers were discussed.

Material and Methods

Asdarch sample, corn garch which congdts of about 18 % amylose and 82 % amylopectin was sdected for the
supercritica trestment of methanol. Methanol was fully fed to the 5 ml reection vessdl with 150 mg of sarch
sample, and then it was attached to the batchrtype supercritical methanol biomass converson sysem. To dart
upercritica trestment of the sample, the reaction vessd was quickly heated by immersing it into the tin bath
preheated a various temperatures and maintained & designated temperature and pressure with swaying left and
right. To stop the reaction, the reection vessdl was moved into the water beth to quench. Thereaction mixture
obtained &fter the trestment was filtrated with 0.2um membrane filter to sgparate methanol-insoluble and
methanolsoluble portions. The methanal-insoluble portion was then dried and weighed to obtain itsyiedd. The
methanol-soluble portion was andyzed by using the liquid chromatography—mass spectrometry (LC-MS) and
the high performance liquid chrometography (HPLC).

Resultsand Discussion
Haure 1. showsthe arrhenius plat for the decompogtion rate condants of starch with those of avicd and methyl



?-and ?-D-glucosdesin subcritical and supercritica methanal. The decompaosition rate congtants of starch were
condgderably higher than those of avicd in the range of temperature between 255 and 300 <C. Thisresult was
mainly dueto the difference of the molecular sructures. Starch isin hdica sructure and more amorphous nature
with much less hydrogen bonds, while cellulose is composed of crystdline microfibrils with numerous hydrogen
bonds. Therefore, the decomposition of sarch in supercritica methanol can be expected to proceed congderably
faster then that of avicd. Furthermore, unlike avicd, a rgpid change of the decompostion rate condants a neer
270 C was not observed for garch. This result might suggest that some changes in arystdline micrdfibrils of
cdllulose, which became to be easy to decompase the microfibrils, occur in supercritical methanol above 270 C
and 26 MPa

The main products from cdlulose and garch were, methyl ?- and ?-D-glucoddes, levoglucosan, methylaed

oligomers and 5hydroxymethylfurfurd (5HMF). Figure 2. shows the yidds of the products from garch as
treated in supercriticd methanal a 350 °C and 43 MPa. The maximd totd yield of the monomeric compounds

was 78.1 wt% a 5 min trestment, which was more than twice than that of avied. Thisresult would beduetothe
difference of the trestment time. Starch was decomposed consderably fadter then avicd due to the difference of

the molecular dructures Therefore, the monomeric compounds produced from gtarch could be recovered
smoothly before the pyrolyss of both starch and the monomeric compounds occurs in supercritical methanol.

Furthermore, it is surprisng thet the sum of the methylated oligomers and monomeric compounds from gtarch

remained amost unchanged during the trestments from 1 to 7 min, athough that from avice decreased under the
prolonged trestments. This result might be due to the difference in the degree of the cage effect of methanal,

which would be caused by the difference of liquefection degree between avicd and sarch [3]. These reaults
indicated that the crydtdline structure of odlulose affected both the decompogtion rate and the product yidd for
the supercriticd methanal trestment of cdlulose serioudy, and these lines of information must be important for
the chemicd conversion of cdlulose by the supercritical methanol trestment.
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Figure 1. Arrhenius plot for the decompostion rate Figure 2. The yidd changes of the products from starch as
condants of avicd, dach and mehyl ?- ad trested in supercritical methanal a 350 °C and 43 MPa.

?-D-glucoddesin sub- and supercriticd methanol.



