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(57) ABSTRACT 

The present invention relates to a cellulose derivative having 
biodegradability, recycling properties, excellent mechanical 
strength and mold processability. The cellulose derivative is 
a product of a rnonosaccharide derivative or oligosaccharide 
derivative and cellulose. The rnonosaccharide derivative or 
oligosaccharide derivative is a copolyrner of a saccharide 
and dicarboxylic acid. 



Patent Application Publication Jan. 9, 2003 Sheet 1 0f 2 US 2003/0005857 A1 

FIG. 1 
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SACCHARIDE COMPOUND AND A METHOD OF 
PRODUCING THE SAME 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a composite prod 
uct having improved properties formed from cellulose, and 
a method of producing the same. 

[0003] 2. Description of the Prior Art 

[0004] Cellulose is a structural polysaccharide, Which is 
the main component of the cell Wall of a higher plant and 
makes up 1/3-1/z of the plant body. Cellulose is the most 
abundant organic compound on the earth. 

[0005] Due to the strong hydrogen bonds betWeen the 
hydroxyl groups, cellulose exhibits high crystallinity 
betWeen the aligned main chains. Cellulose is a polymeric 
compound Which does not shoW thermoplasticity. Cellulose 
is derived from plants and also produced by microorgan 
isms. Cellulose produced by microorganisms is bacterial 
cellulose. The solubility of the plant-derived cellulose in a 
solvent is improved by treatment With an alkali or by 
introducing a soluble substituent. The resulting solution is 
poured into a mold having a desired shape and the solvent 
is removed to give a molded product of the cellulose. To 
form bacterial cellulose, xanthan gum is added to a culture 
medium for cellulose-producing bacteria to control the crys 
tal structure of the bacterial cellulose, as has been reported 
in Japanese Patent Laid-Open No. 6-206904. Further, a 
method of forming a sheet material having high mechanical 
strength is conducted by applying pressure and heat to the 
bacterial cellulose ?lm comprising ribbon-like micro?brils 
produced by cellulose-producing bacteria, as reported in 
Japanese Patent Publication No. 8-32798. Also, a so-called 
poWder molding method is knoWn in Which cellulose in the 
form of a ?ne poWder is pressuriZed and heated. 

[0006] Recently, as the environmental problems and 
resource problems have become more serious, cellulose has 
become popular again since it has biodegradability, and is a 
resource Which can be regenerated in nature. HoWever, 
cellulose is not soluble using conventional solvents and is 
not deemed appropriate for ?lm applications requiring cel 
lulose solutions. When dissolved in a special solvent such as 
copper-ammonia solution and the like, a molded cellulosic 
product, such as a ?lm, can be produced by a solvent 
method, but the molded product obtained in such a method 
is rather poor in ?exibility and its quality is unacceptable for 
practical use. In addition, since cellulose does not exhibit 
thermoplasticity, it has been very dif?cult to produce a 
thermoformed article by the hot-press method. 

SUMMARY OF THE INVENTION 

[0007] In vieW of the above-mentioned technical back 
ground, the prevent invention provides a cellulosic compos 
ite product Whose processability is far more improved than 
a cellulose With the biodegradability, the original property of 
cellulose, intact. The present invention also provides a 
method of producing a cellulosic composite product Whose 
processability is improved While maintaining the original 
biodegradability. 
[0008] According to a ?rst aspect of the present invention, 
there is provided a cellulosic composite product Which can 
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achieve the above-mentioned object Which comprises cel 
lulose and a compound represented by the folloWing formula 
(I); 

O O O O 

i G i 
HO R O/ \O n R OH 

[0009] Wherein, R represents a substituted or unsubstituted 
alkylene group or a substituted or unsubstituted arylene 
group, G represents a monosaccharide residual group or an 
oligosaccharide residual group and n is degree of polymer 
iZation and is an integer betWeen 1 and 5000. 

(I) 

[0010] According to another aspect of the present inven 
tion, there is provided a method for producing a cellulosic 
composite product comprising the steps of: providing a 
liquid containing dissolved or dispersed cellulose and a 
compound represented by the folloWing formulae (I); 

O O O O 

)k G 1 
HO R O/ \O n R OH 

[0011] Wherein R represents a substituted or unsubstituted 
alkylene group or a substituted or unsubstituted arylene 
group, G represents a monosaccharide residual group on an 
oligosaccharide residual group and n is an integer betWeen 
1 and 5000; and evaporating the liquid by heating. 

(1) 

[0012] According to further aspect of the present inven 
tion, there is provided a process for producing a composite 
product comprising culturing cellulose-producing bacteria 
in a culture medium containing a compound of formula (I) 

O O O O 

)k G 1 
HO R O/ \O n R OH 

[0013] Wherein R represents a substituted or unsubstituted 
alkylene group or a substituted or unsubstituted arylene 
group, G represents a monosaccharide residual group or an 
oligosaccharide residual group and n is an integer betWeen 
1 and 5000; and making the bacteria produce cellulose. 

[0014] In addition, the invention includes the composite 
product is formed by interacting cellulose and the compound 
of formula (I) above. Further the invention also includes the 
composite product produced by providing a liquid contain 
ing dissolved or dispersed cellulose and a compound of 
formula (I) above and then evaporating the liquid by heating. 
Further, the invention encompasses the composite product 
produced by culturing cellulose-producing bacteria in a 
culture medium containing a compound of formula (I) above 
and then making the bacteria produce cellulose. 

(I) 



US 2003/0005857 A1 

[0015] In general, it is believed that the poor processabil 
ity of cellulose is caused by its high crystallinity. This high 
crystallinity is believed derived from strong hydrogen bonds 
betWeen the main chains of the micro?bril structure of 
cellulose Which become aligned. The inventors believe that 
the similarity, in structure betWeen cellulose and the 
monosaccharide or oligosaccharide derivative represented 
by formulae (I) permits good bonding capacity betWeen the 
compound of formula (I) and cellulose. In other Words, the 
compound of formula (I) has good affinity with cellulose. 
The composite product of the formula (I) compound and 
cellulose is characteriZed by an intermolecular-interaction 
betWeen the tWo compounds and eXhibits far better process 
ability than cellulose. A molded product made of the com 
posite product has good mechanical strength and ?exibility. 

[0016] The eXact reason Why the present composite prod 
uct provides the aforementioned bene?cial properties is still 
unknown, but it may be attributable to the structure of the 
compound of formula That is, the compound of formula 
(I) has a similarity to cellulose in structure, particularly in 
the sugar moiety (G) having a hydroXyl group, and a 
dissimilarity to cellulose in the alkylene or arylene moiety 
(R). The moiety (G) may act to express an affinity to 
cellulose on the one hand, While on the other hand, the 
moiety (R) contained in the structure in a certain ratio, does 
not form any hydrogen bonds With cellulose and may act to 
reduce the high crystallinity of cellulose. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] FIG. 1 is a diagrammatic sketch illustrating the 
structure of the composite product according to the present 
invention, Which comprises cellulose and cellobiose deriva 
tive. 

[0018] FIG. 2 is a diagrammatic sketch illustrating the 
conventional structure of cellulose. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0019] A composite product according to an embodiment 
of the present invention comprises the reaction product of 
cellulose and a compound represented by the folloWing 
structural formula 

o o o o 

1 G 1 
HO R 0/ \o n R OH 

[0020] The formula I compound is a monosaccharide 
derivative or oligosaccharide derivative. 

(1) 

[0021] As mentioned above, a compound engaging in an 
intermolecular interaction With cellulose Which alleviates 
the strong crystallinity of cellulose is preferably used in the 
composite product according to the present embodiment. 

[0022] The sites Which can hydrogen bond With cellulose 
include, for eXample, hydroXyl groups in the saccharide 
residual group on the monosaccharide derivative or oli 
gosaccharide derivative, or (ii) oXygen atom(s) in the ring. 
When the saccharide moiety of the monosaccharide deriva 
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tive or oligosaccharide derivative is substituted by an ester 
group such as an acetyl group, hydrogen bonds can be 
formed betWeen the carbonyl group contained in the acetyl 
group and the hydroXyl group in the cellulose. 

[0023] A typical saccharide residual group G is a cello 
biose residual group of the formula II: 

(H) 
O— 

_O O OH 

O OH 

0 
OH 

OH 

[0024] The hydroXyl (OH) groups in the cellobiose 
residual group (II) can hydrogen bond With cellulose, as for 
eXample, When a sebacoyl compound, such as, 

[0025] Where X is halogen, is condensed With the cello 
biose residual group to form the formula I compound. 

[0026] EXamples of a compound satisfying the above 
structural requirements include, for eXample, a monosac 
charide derivative or oligosaccharide derivative, and spe 
ci?cally a compound having the structure represented by 
formula 

o o o o 

1 G 1 
HO R 0/ \o n R OH 

[0027] In the general formula (I), R represents an alkylene 
group or an arylene group having 1 or more carbon atoms. 
G represents a monosaccharide residual group or an oli 
gosaccharide residual group. It is preferable that the alkylene 
group contains 1-20 carbon atoms. It is particularly preferred 
that G represent an oligosaccharide residual group and the 
alkylene group contains 6-14 carbon atoms, or G represents 
a monosaccharide residual group and the alkylene contains 
4-14 carbon atoms. The resulting composite product shoWs 
eXcellent thermoplasticity and, therefore, the composite 
product acquires thermoformability. In the alkylene or 
arylene R groups, the hydrogen atoms at one or more sites 
can be substituted With another group. EXamples of such 
substituent, include, for eXample, a linear or branched alkyl 
group having from 1 to about 6 carbon atoms and the like. 

(I) 

[0028] G can be a di- or higher substituted group. The 
letter n represents the degree of polymeriZation (repeating 
groups) and is an integer betWeen 1 and 5000, preferably 
betWeen 20 and 3000. 
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[0029] The monosaccharide derivative or oligosaccharide 
derivative represented by the above-mentioned general for 
mula (I) can be synthesized, for example, by (a) reacting the 
hydroxyl group of a monosaccharide or an oligosaccharide 
containing the monosaccharide residual group or the oli 
gosaccharide residual group, “G”, With a COOH group or 
COCl group of a dicarboxylic acid containing “R” in the 
molecule, to form an ester bond; (b) carrying out ester 
exchange of the dicarboxylic ester With the monosaccharide 
or oligosaccharide; or (c) employing an enZyme reaction or 
the like to form a bond. 

The Monosaccharide or Oligosaccharide 

[0030] Examples of a monosaccharide or oligosaccharide 
employed herein include oligosaccharides such as cello 
biose, maltose, lactose, isomaltose, nigerose, trehalose, 
melibiose, cellotriose, maltotriose, cellotetraose, maltotet 
raose, cellopentaose, maltopentaose, cellohexaose, malto 
hexaose and the like, and (ii) monosaccharides such as 
glucopyranose, mannopyranose, galactopyranose, and the 
like. These monosaccharides and oligosaccharides can be 
substituted by an ester group such as acetyl group. 

[0031] For synthesiZing the derivative of the above-men 
tioned general formula (I), one or more saccharides selected 
from these monosaccharides and oligosaccharides can be 
employed. 
[0032] For such saccharides, it is particularly preferable to 
use a substance obtained by, for example, decomposing 
paper (old paper and the like) in order to effectively use 
existing resources. 

[0033] Since the use of copying machines and printers has 
become dramatically Widespread, the volume of paper Waste 
has greatly increased. The system of recycling neWspaper 
and corrugated cardboard paper as regenerated paper, has 
become Well established. HoWever, the demand for regen 
erated paper is limited. For example, the ratio of Waste paper 
present in the raW paper stock materials is calculated to be 
no more than 66.1% (“Ecomaterial Dictionary” Science 
Forum Co., Ltd). The recent trend to recycle paper promotes 
only the recovery of used paper and ends up increasing the 
stock of unused recycled paper. 

[0034] Besides, paper With a large amount of printing, 
coated paper, or paper containing a large amount of additives 
often cannot be made into regenerated paper due to the large 
amount of impurities present therein. 

[0035] HoWever, the above-mentioned Waste paper of loW 
quality can be effectively utiliZed for uses other than in 
regenerated paper, by chemically modifying cellulose per se, 
Which is the main component of the paper, and decomposing 
the cellulose to the saccharide level to produce the above 
mentioned saccharide derivative. Examples of a method of 
producing the above-mentioned saccharides from paper 
include, for example, a method in Which [31—>4 bond of the 
cellulose ?bre constituting the paper is cleaved by an acid 
such as sulfuric acid or hydrochloric acid or by an enZyme 
such as cellulase and the like, to give glucose (monosac 
charide) and cellooligosaccharide (2-10 saccharide). 

A Dicarboxylic Acid 

[0036] Examples of a dicarboxylic acid containing “R” in 
the molecule include, for example, aliphatic dicarboxylic 
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acids, such as malonic acid, succinic acid, glutaric acid, 
adipic acid, pimelic acid, suberic acid, sebacic acid, and 
dodecanedioic acid and the like, and aromatic dicarboxylic 
acids, such as phthalic acid, isophthalic acid, terephthalic 
acid and the like. 

Cellulose 

[0037] As cellulose, plant derived cellulose and bacterial 
cellulose can be used. With bacterial cellulose, micro?brillar 
cellulose of higher purity than that of plant-derived cellulose 
can be obtained. Another advantage is that, as Will be 
described later, the composite product according to the 
present invention can be produced While the cellulose 
producing bacteria are cultured. One of the preferable 
embodiments, from the vieW point of effective use of 
resources, is that the cellulose derived from paper (old paper 
and the like) as mentioned above is employed as the cellu 
lose. Speci?cally, paper can be disintegrated in a Weak 
alkaline aqueous solution to extract the cellulose ?bers from 
the paper. The cellulose ?bers obtained as the residue in the 
above-mentioned process for decomposing the paper into 
saccharides, can be also used as the cellulose in this embodi 
ment. From these cellulose ?bers, cellulose can be eluted 
using an organic solvent such as a mixed solvent of dimethyl 
acetamide and lithium chloride. 

Cellulose Producing Bacterium 

[0038] The bacterium to produce bacterial cellulose is not 
particularly limited. HoWever, one or more kinds of knoWn 
bacteria Which produce bacterial cellulose, such as Aceto 
bacter aceti subsp. xylinum AT CC10821, A. pasteurianus 
ATCC 10821, A. rancens, Sarcina vntriculi, Bacterium 
xyloia'es, bacterium belonging to the genus Pseudomonas, 
bacterium belonging to the genus Agrobacterium and the 
like, can be used. 

[0039] Bacteria can produce bacterial cellulose according 
to knoWn bacteria cultivating conditions. Accordingly, a 
microorganism may be inoculated in an ordinary nutrient 
culture medium containing a carbon source, a nitrogen 
source, inorganic salts and, if necessary, organic trace nutri 
ents, such as amino acids and vitamins, and the inoculated 
medium alloWed to stand or sloWly stirred While being 
aerated to alloW the bacteria to produce bacterial cellulose. 

[0040] As examples of a typical carbon source, for 
example, glucose, sucrose, maltose, starch hydrolysates, and 
molasses can be used, and ethanol, acetic acid and citric acid 
and the like can be used alone or in addition to the above 
mentioned saccharides. As examples of a nitrogen source, 
there are, for example, ammonium salts such as ammonium 
sulfate, ammonium chloride, and ammonium phosphate, and 
organic or inorganic nitrogen sources such as nitrate salts, 
urea, and peptone and the like. As examples of an inorganic 
salt, phosphates, magnesium salts, calcium salts, iron salts 
and manganese salts and the like can be used. Examples of 
an organic trace nutrient include amino acids, vitamins, fatty 
acids, nucleic acid and peptone, casamino acid, yeast 
essence, and soybean protein hydrolysates and the like. 
When auxotrophic bacteria are employed, Which demand 
amino acids and the like for groWth, the required nutrient 
shall be further supplied. The culture conditions can be 
conventional as Well, and the bacteria can be cultured for 
1-30 days, While pH is controlled betWeen 5 and 9, and the 
temperature is controlled betWeen 20 and 40° C. 
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Production Method 

[0041] The method of producing the composite product of 
the present invention is not particularly limited. HoWever, it 
is preferable to provide a condition under Which cellulose 
and a monosaccharide or an oligosaccharide derivative 
chemically interact With cellulose. More speci?cally a 
monosaccharide or oligosaccharide derivative and cellulose 
in the form of a micro?lament and/or a ?ne poWder, are 
mixed in a liquid medium in Which the monosaccharide or 
oligosaccharide derivative can be dissolved, dispersed or 
sWollen. Then, the liquid containing cellulose and the 
derivative is heated to evaporate the liquid medium to yield 
the composite product of the present invention. 

[0042] The liquid medium selected depends, in part, on the 
solubility of the monosaccharide or oligosaccharide deriva 
tive, its molecular Weight and the like. Typical liquid media 
include: Water; acetone; alcohol, such as methanol, ethanol 
and the like; ether, as tetrahydrofuran and the like or a mixed 
solvent thereof. It is also possible to subject cellulose to a 
surface treatment using a surfactant and the like prior to the 
mixing. 
[0043] When the cellulose is derived from paper, the 
cellulose is eluted in dimethyl acetoamide and lithium 
chloride. The cellulose is mixed With a solvent Which 
contains a monosaccharide/oligosaccharide derivative in a 
dissolved state or sWollen state. Acomposite product results 
in Which cellulose and the monosaccharide/-oligosaccharide 
derivative are chemically interacted. 

[0044] On the other hand, When bacterial cellulose is 
employed, a saccharide derivative is ?rst added to a culture 
medium of a cellulose-producing bacterium. Next, the cel 
lulose-producing bacterium is cultured under such condi 
tions that alloWs the production of cellulose, and the con 
current production of composite product according to the 
present invention. 

[0045] By such a treatment, the number of hydrogen 
bonds existing in the cellulose molecule can be reduced, and 
a composite product having better processability than that of 
the cellulose can be obtained. This Will be explained in 
conjunction With FIG. 1 and FIG. 2. 

[0046] FIG. 1 schematically illustrates a structure of one 
example of a composite product comprising the product of 
cellulose and a cellobiose derivative Which is a compound of 
formula (I) in Which “G” comprises a residual group derived 
from cellobiose. In FIG. 1, each circle represents a glucopy 
ranose residual group and the broken line represents hydro 
gen bonds betWeen the glucopyranose residual groups. 11 
represents a cellobiose derivative molecule and 11a repre 
sents a noncarbohydrate residual group in the cellobiose 
derivative molecule. 12 and 13 represent cellulose mol 
ecules (illustratively made of 8 glucopyranose residual 
groups). These three molecules are assumed to be in the 
same plane. The cellobiose residual groups constituting the 
cellobiose derivative 11 form hydrogen bonds With cellulose 
molecules 12 and 13. 

[0047] On the other hand, the structure of a conventional 
cellulose type polymer compound comprising 3 cellulose 
molecules alone (comprising 8 glucose residual groups) is 
shoWn illustratively in FIG. 2. 21, 22 and 23 represent 3 
cellulose molecules in the same plane and hydrogen bonds 
are formed betWeen glucopyranose residual groups. The 
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comparison betWeen FIG. 1 and FIG. 2 clearly shoWs that 
the hydrogen bonds formed betWeen cellulose molecules are 
blocked by the saccharide derivative—a compound of for 
mula (I)—in the composite product according to the present 
invention. Therefore, the number of hydrogen bonds formed 
betWeen cellulose molecules in the composite product is 
reduced. As a result, the composite according to the present 
invention typically acquires the folloWing properties. 

[0048] First of all, in a composite product Which is sub 
jected to pulveriZation at room temperature, Without freeZ 
ing, there remains a region Which is masked by the saccha 
ride derivative—a compound of formula (I)—in the 
cellulose molecule on the surface of the poWder. Therefore, 
the re-binding of the poWder during pulveriZation can be 
prevented to a considerable degree. Secondly, because the 
strong hydrogen bonding betWeen cellulose molecules is 
alleviated by the saccharide derivative, a molded body 
Which is more ?exible than the ?lm comprising cellulose 
alone, can generally be obtained. Thirdly, due to the inter 
action betWeen the saccharide derivative exhibiting thermo 
plasticity—a compound of formula (I)—and cellulose, the 
composite product has thermoplasticity and can be heat 
formed. 

[0049] The ratio of the compound of formula (I) in the 
composite product containing cellulose can be appropriately 
chosen in a range that does not impair the characteristics of 
the composite product, such as cohesiveness, thermal char 
acteristics, mechanical strength and the like. For example, 
the ratio of the saccharide derivative in the composite 
product containing cellulose is around 1-60%, preferably 
around 10-40%. 

Mold Processing Method 

[0050] The composite product according to the present 
invention can be produced by the solvent method or hot 
press method Which are conventionally knoWn processing 
methods. Since the composite product shoWs relatively good 
solubility to the solvents such as acetone, methanol, and 
tetrahydrofuran, it can be molded by a solvent method 
Without employing any special solvent. When the solvent 
method is employed, the synthesis of the composite product 
and the molding/processing can be simultaneously carried 
out. 

[0051] As for the hot-press method, a composite product 
containing a compound of formula (I) Which is synthesiZed 
from an aliphatic dicarboxylic acid having 4-14 carbon 
atoms and contains a monosaccharide residue as G, or a 
composite product containing a compound of formula (I) 
Which is synthesiZed from an aliphatic dicarboxylic acid 
having 6-14 carbon atoms, and containing an oligosaccha 
ride residual group as G, shoWs thermoplasticity and permits 
hot-pressing. The strength of the produced hot-press molded 
body is better than the strength of the conventional cellulose 
molded body. 

[0052] As explained above, the folloWing advantages can 
be obtained: 

[0053] The composite product comprising cellulose and a 
monosaccharide derivative or an oligosaccharide derivative 
can be pulveriZed by the inhibition of the hydrogen bonds 
betWeen cellulose molecules. By inclusion of the saccharide 
having thermoplasticity, the molding processability of the 
cellulose can be improved. 
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[0054] The molded body of the composite product com 
prising cellulose and a monosaccharide derivative or an 
oligosaccharide derivative has better mechanical strength 
than that of the generally used polyester (PET). Since the 
molded body of the composite product employs natural 
products such as cellulose and a monosaccharide or an 

oligosaccharide, it shoWs high safety, biodegradability and 
ability for recycling. 

[0055] Furthermore, according to the present invention, 
paper such as Waste paper can be effectively utiliZed as a raW 

material and the cellulose Which is the main component 
thereof, or saccharide compounds derived from the cellu 
lose, can be chemically modi?ed to provide a saccharide 
polymer compound having high recycling properties. There 
fore, the present invention can contribute to reduction of 
Wastes and effective utiliZation of resources. 

[0056] The present invention Will be explained using the 
folloWing illustrative Examples. It should be understood that 
the present invention is not limited to the composite product 
employed in the folloWing Examples. 

Synthetic Example 1 

[0057] A compound of formula (I) (an oligosaccharide 
derivative) represented by the folloWing structural formula 
(a) Which is employed in the folloWing Examples and 
Comparative Examples Was synthesiZed according to the 
folloWing method: 

0 o 
0 

HO 8 o 0 OH 

O OH 
0 

OH 

HO OH 

OH 

[0058] 50 g of cellobiose Were added to 400 ml of N,N 
dimethylformamide (DMF) and 100 ml of pyridine Was 
added. The mix Was heated under nitrogen atmosphere at 
70° C. Then, 40 ml of sebacoyl chloride diluted in 100 ml 
of DMF Was added thereto dropWise and the medium Was 
stirred for 3 hours. After the reaction Was ?nished, a part of 
the solvent Was removed by evaporation and the reaction 
mixture Was poured into Water and stirred to form a pre 
cipitate. A puri?ed precipitate Was Washed With methanol to 
yield a White poWder (hereinafter referred to as “Compound 
No. I-1”). The molecular Weight of the compound No. I-1 
Was measured by gel permeation chromatography (GPC), 
and MW Was 200,000. 

n 

[0059] The measurement conditions Were as folloWs: 

[0060] Measuring apparatus: HLC 8020 produced by 
Tosoh Corporation. 
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[0061] Column: 2 columns Mixed-B produced by 
Polymer Laboratories 

[0062] Eluate: DMF+0.1% LiBr 

[0063] Column Oven temperature: 50° C. 

[0064] Standard: Converted to polysaccharide basis 
(produced by Polymer Laboratories). 

[0065] By C=O stretch peak detected at 1743 cm by IR 
measurement, and C=O group detected at 175 ppm and 
methylene group detected at 24.8 ppm and 34.1 ppm by 
13C-NMR measurement, it Was con?rmed that a sugar ester 
copolymer Was synthesiZed. 

[0066] A compound of formula (I) Was synthesiZed in the 
process analogous to the above-mentioned process, except 
that the combination of cellobiose and sebacic acid Was 
changed to the combinations in the folloWing Table 1. The 
acetylation of the saccharide residual group “G” of the 
compound Was carried out by a normal synthesis method, 
ie the compound Was heated at 130° C. in sodium acetate 
anhydrous acetic acid With stirring. 

TABLE 1 

Compound No. G R n 

I-2 cellobiose C4H8 200 
I-3 maltose CgH16 41 
I-4 maltose o-phenylene 152 
I-5 lactose C6H12 500 
I-6 lactose p-phenylene 260 
I-7 maltotriose C7H14 310 
I-8 maltotriose C4H8 30 
I-9 cellotetraose C12H24 422 

I-10 cellotetraose p-phenylene 21 
I-11 maltopentaose ClnH2U 350 
I-12 maltopentaose o-phenylene 80 
I-13 cellohexaose C14H28 11 6 
I-14 cellohexaose m-phenylene 800 
I-15 glucopyranose ClnH2U 900 
I-1 6 glucopyranose C3H6 86 
I-17 mannopyranose C6H12 1 600 
I-18 mannopyranose C2H4 900 
I-19 maltose C6H12 650 
I-20 cellohexaose C7H14 2900 
I-21 acetylmaltose CgH16 250 
I-22 acetylcellobiose C9H18 4630 
I-23 acetyllactose CSH1U 90 
I-24 acetylglucopyranose C8H16 1250 
I-25 acetylgalactopyranose ClnH2U 560 

EXAMPLE 1 

Formation of a Molded Product of a Composite 
Product by Solvent Method 

[0067] To a 30% by Weight aqueous suspension of ?nely 
divided poWder cellulose (KC Flock 400 G: produced by 
Nippon Paper Industry Co. Ltd.) there Was added Compound 
No. I-8 in an amount of 20% by Weight, then heated at 50° 
C. With stirring. Then, the aqueous suspension Was heated 
and dried at 95° C., the obtained dried ?lm Was ground at a 
room temperature by a grinder to give a ?nely divided 
poWder having a siZe (Which represents an average particle 
siZe) of about 10 pm. The poWder did not agglomerate. The 
poWder Was dispersed in methanol and the dispersion Was 
cast on a Te?on® sheet and dried to give a molded product 
in the form of a sheet having a thickness of 0.5 mm. This is 
product 1). 
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[0068] To a 20% by Weight aqueous suspension of cellu 
lose in the form of a micro?lament (Celish FD100: produced 
by Daicel Chemical Industry, Ltd.) Was added Compound 
No. I-23 in an amount of 10% by Weight, and the mix Was 
heated at 50° C. With stirring. Then, the aqueous suspension 
Was heated and dried at 100° C., the obtained dried ?lm Was 
ground at a room temperature by a grinder to give a ?nely 
divided poWder having a siZe of about 10 pm. The poWder 
did not agglomerate. The poWder Was dispersed in acetone 
and the dispersion Was cast on a Te?on® sheet in the same 
manner as that used in the above-mentioned process 1) and 
dried to give a molded product in the form of a sheet. This 
is product 2). 

[0069] To a 20% by Weight methanol suspension of cel 
lulose in the form of a micro?lament (Abisel: produced by 
Asahi Chemical Industry Co. Ltd.) Was added Compound 
No. I-10 in an amount of 10% by Weight, and the mix Was 
heated at 50° C. With stirring. Then, the methanol suspension 
Was cast on a Te?on sheet in the same manner as that used 

in the above-mentioned process 1) and dried to give a 
molded product in the form of a sheet. This is product 3). 

[0070] To Hestrin-Schramm standard medium (glucose 
2.0%, peptone 0.5%, yeast extract 0.5%, disodium phos 
phate 0.15%, and citric acid 0.27%: % is based on Weight) 
Was added Compound No. I-15 in an amount of 5% by 
Weight, and Acetobactor Xylinum (body cell number ATCC 
23769) Was cultured at 28° C. therein by static culture. 30 
days later, a gelatinous ?lm Was accumulated on the upper 
layer of the culture medium. The ?lm Was suf?ciently 
Washed With Water and treated by a pressing machine and 
Water absorbed by the ?lm Was squeeZed out. Then the 
pressed ?lm Was heated and dried at 105° C. The dried ?lm 
Was subjected to a grinder at a room temperature to give a 
?nely divided poWder having a siZe of about 10 pm. The 
poWder did not agglomerate. The poWder Was dispersed in 
acetone and the dispersion Was cast on a Te?on sheet in the 
same manner as that used in the above-mentioned process 1) 
to give a molded product in the form of a sheet. This is 
product 4). 

[0071] Used regenerated paper for PPC (EN-500, A4 
produced by Canon Sales Co., Ltd.) (one side of Which Was 
printed by NP copying machine) Was cut into a siZe of 5 
mm><5 mm and 100 g thereof Were added to 3 L of an 
enZyme solution and stirred at 45° C. for 6 hours. The 
enZyme solution Was made by dissolving 10 g of cellulase 
(Meicelase TP 60, produced by Meiji Seika Kaisha Ltd.) in 
3 L of acetic acid/sodium acetate aqueous solution (pH 4.5). 
After the reaction, 200 ml of methanol Was added and the 
insoluble residue Was ?ltered out and passed through an 
ion-exchange resin column (Amberlite IR-120 B, available 
from Organo Corporation) of 50 cm, and, the solvent Was 
removed by evaporation to give 64 g of a pale yelloW 
poWder. 

[0072] The substance Was con?rmed to be a mixture 
containing glucose, cellobiose, and cellotriose as main com 
ponents from gel permeation chromatography and IR 
absorption spectrum. 50 g of thus obtained saccharide mix 
ture Was suspended in a mixed solvent comprising 400 ml of 
acetonitrile and 200 ml of pyridine and heated under nitro 
gen atmosphere at 80° C. 40 ml of sebacoyl chloride diluted 
in 200 ml of acetonitrile Was added thereto and stirred 
further for 2 hours. After a part of the solvent Was removed 
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by evaporation, it Was poured into Water and stirred to form 
a precipitate. The precipitate Was Washed With acetone, and 
dried to give 42 g of a pale yelloW poWder. The Weight 
average molecular Weight of the product Was about 50,000. 
The procedure analogous to that of above-mentioned pro 
cess 1) Was carried out except that the above-mentioned 
Compound No. 1-8 Was replaced With the sugar chain 
compound thus obtained, and a molded product in the form 
of a sheet Was obtained. This is product 5). 

[0073] Used regenerated paper for PPC (EN-500, pro 
duced by Canon Sales Co., Ltd.) (one side of Which Was 
printed by a copying machine) Was cut into a siZe of 2 mm><2 
mm and 100 g of these old paper chips Were heated in 1 L 
of Water under re?ux for 5 hours, then Washed With metha 
nol and dried. Then it Was added to 1 L of dimethylaceta 
mide containing 70 g of anhydrous lithium chloride and the 
mix Was stirred at 70° C. for 6 hours. The solution Was 
?ltered to give a cellulose solution. 20 g of Compound No. 
I-1 Were added to the cellulose solution and stirred at a room 

temperature, then the solution Was cast on a Te?on sheet and 
dried to give a molded product in the form of a sheet having 
thickness of 0.5 mm. This is product 6). 

[0074] Test chips in the form of a strip (1 cm in Width, 6 
cm in length and 0.5 mm in thickness) Were cut out from the 
molded products of the composite products prepared in the 
above-mentioned processes 1)-6), and the ?exibility thereof 
Was evaluated by Autograph (produced by Instron). The 
measurement Was carried out under the measuring condi 
tions of bending speed: 0.5 mm/min and distance betWeen 
supporting points: 30 mm. A molded product Wherein a 
crack and the like Was not found by visual observation Was 
evaluated as A. The molded product Wherein a crack and the 
like Was found Was evaluated as B. The results are given in 
Table 2. 

[0075] The evaluation of the biodegradability Was also 
carried out; the molded products prepared as products 1)-6) 
Were buried in matured compost and 6 months later, those 
Which Were decomposed and did not maintain the original 
form Were evaluated as A, and those maintained the original 
form Were evaluated as B. 

Comparative Example 1 

[0076] A 2% by Weight copper ammonia solution of a 
?nely divided poWder cellulose (KC Flock 400 G; produced 
by Nippon Paper Industry Co. Ltd.) Was cast on a Te?on 
sheet in the manner analogous to that of the above-men 
tioned product 1) to give a molded product in the form of a 
sheet. The ?exibility and the biodegradability of the molded 
product Was evaluated in a similar manner as that of the 
molded products 1)-4). The results are given in the folloWing 
Table 2. 

TABLE 2 

Bending 
Molded product strength Biodegradability 

Example 1 1) A A 
2) A A 
3) A A 
4) A A 
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TABLE 2-continued 

Bending 
Molded product strength Biodegradability 

5) A A 
6) A A 

Comparative example 1 B A 

[0077] As shown in Table 2, the molded products com 
prising the composite product of 1)-6) have improved ?ex 
ability compared to the ?lm comprising cellulose alone. The 
biodegradability, which is a superior property of cellulose, 
was con?rmed to be retained. 

EXAMPLE 2 

Formation of a Molded Product of a Composite 
Product by Hot-Press Method 

[0078] To a 20% by weight aqueous suspension of cellu 
lose in the form of a micro?lament (Celish FD100: produced 
by Daicel Chemical Industry, Ltd.) was added Compound 
No. I-1 in an amount of 20% by weight and the suspension 
heated at 50° C. with stirring. Then, the aqueous suspension 
was heated and dried at 105° C., the obtained dried ?lm was 
ground at a room temperature by a grinder to give a ?nely 
divided powder having a size of about 10 pm. The powder 
did not agglomerate. The powder was subjected to hot-press 
treatment with a hot-press machine for use in test (available 
under the trade name of Mini Test Press-10 from Toyo Seiki 
Seisaku-Sho, Ltd.) at 140° C., 25 kg/cm2 to give a planar 
molded product designated as 7). 

[0079] To 20 g of a 1% by weight methanol solution of a 
surfactant (Neugen ET-149: produced by Dai-ichi Kogyo 
Seiyaku Co., Ltd.) was added 30 g of cellulose in the form 
of a micro?lament (KC Flock W-100: produced by Nippon 
Paper Industry Co. Ltd.) and the solution stirred in a 
homogenizer at 10,000 rpm for 5 minutes. Then the solution 
was ?ltered by aspiration and dried at 90° C. for 10 minutes 
in an air circulating oven to carry out surface treatment. 25 
g of the treated cellulose were mixed with 15 g of Com 
pound No. I-3 and subjected to dispersing by rollers for 24 
hours. After 24 hours, a homogeneous powder was obtained 
which did not agglomerate. The powder was subjected to 
hot-press treatment with a hot-press machine for use in test 
(available under the trade name of Mini Test Press-10 from 
Toyo Seiki Seisaku-Sho, Ltd.) at 120° C., 30 kgf/cm2 to give 
a planar molded product designated as 8). 

[0080] Cellulose in the form of a micro?lament (Abisel: 
produced by Asahi Chemical Industry Co. Ltd.) was sub 
jected to surface treatment in the similar manner as that used 
in making product 8) using a surfactant. 30 g of the treated 
cellulose were mixed with 20 g of Compound No. I-20 and 
heated with stirring in THF at 50° C. The obtained solution 
was heated and dried at 80° C. The dried ?lm was ground at 
a room temperature by a grinding machine and a ?nely 
divided powder having a size of about 11 pm was obtained. 
The powder did not agglomerate. The powder was subjected 
to hot-press treatment with a hot-press machine for use in 
test (available under the trade name of Mini Test Press-10 
from Toyo Seiki Seisaku-Sho, Ltd.) at 127° C., 28 kgf/cm2 
to give a planar molded product designated as 9). 
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[0081] To a 25% by weight aqueous suspension of cellu 
lose in the form of a micro?lament (KC Flock W-300: 
produced by Nippon Paper Industry Co. Ltd.) was added 
Compound No. I-25 in an amount of 15% by weight, and the 
suspension heated with stirring at 55° C. The aqueous 
suspension was heated and dried at 100° C., then the 
obtained dried ?lm was subjected to a grinding machine at 
a room temperature to give a ?nely divided powder having 
a size of about 10 pm. The powder did not agglomerate. The 
powder was subjected to hot-press treatment with a hot 
press machine for use in test (available under the trade name 
of Mini Test Press-10 from Toyo Seiki Seisaku-Sho, Ltd.) at 
120° C., 25 kgf/cm2 to give a planar molded product 
designated as 10). 

[0082] To Hestrin-Schramm standard medium employed 
to make product 4) of Example 1, was added Compound No. 
I-13 in an amount of 5% by weight, and Acetobactor 
Xylinum was cultured therein by static culture at 28° C. 30 
days later, a gelatinous ?lm was accumulated on the upper 
layer of the culture medium. The ?lm was suf?ciently 
washed with water and treated by a pressing machine and 
water absorbed by the ?lm was squeezed out. Then the 
pressed ?lm was heated and dried at 105° C. The dried ?lm 
was treated by a grinder at a room temperature to give a 
?nely divided powder having a size of about 10 pm. The 
powder did not agglomerate. The powder was subjected to 
hot-press treatment with a hot-press machine for use in test 
(available under the trade name of Mini Test Press-10 from 
Toyo Seiki Seisaku-Sho, Ltd.) at 125° C., 28 kgf/cm2 to give 
a planar molded product designated as 11). 

[0083] To Hestrin-Schramm standard medium employed 
to make product 4) of Example 1, was added Compound No. 
I-17 in an amount of 5% by weight, and Acetobactor 
Xylinum was cultured therein by static culture at 28° C. 30 
days later, a gelatinous ?lm was accumulated on the upper 
layer of the culture medium. The ?lm was suf?ciently 
washed with water and treated by a pressing machine and 
water absorbed by the ?lm was squeezed out. Then the 
pressed ?lm was heated and dried at 105° C. The dried ?lm 
was treated by a grinder at a room temperature to give a 
?nely divided powder having a size of about 10 pm. The 
powder did not agglomerate. The powder was subjected to 
hot-press treatment with a hot-press machine for use in test 
(available under the trade name of Mini Test Press-10 from 
Toyo Seiki Seisaku-Sho, Ltd.) at 118° C., 23 kgf/cm2 to give 
a planar molded product designated as 12). 

[0084] The process analogous to that of the above-men 
tioned product 7) of Example 2 was carried out except that 
the compound No. I-1 was replaced with a sugar chain 
compound synthesized in the similar manner to that of 
product 5) of Example 1 and a planar molded product was 
obtained designated as 13). 

[0085] The process analogous to that of the above-men 
tioned product 7) of Example 2 was carried out except that 
20% by weight aqueous suspension of cellulose in the form 
of a micro?lament was replaced with the cellulose solution 
of product 6) in Example 1 and a planar molded product was 
obtained which was designated 14). 

[0086] Test chips in the form of a strip (1 cm in width, 6 
cm in length and 0.5 mm in thickness) were cut out from the 
molded products 7)-14), and the tensile strength thereof was 
evaluated by Autograph DSC-R-500 (produced by Shi 
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madZu Corporation). The measurement Was carried out 
under the measuring conditions of load cell: 50 kg, cross 
head speed: 50 mm/min, and distance betWeen Work holding 
devices: 10 mm. As a control, test chips in the similar form 
Were cut out from molded product made from a general use 
polyester (PET), and tested and the results Were compared 
and examined. The product shoWing better tensile strength 
than that of PET Was evaluated as A, the same level of 
tensile strength as B and poorer tensile strength as C. The 
results are given in Table 3. 

[0087] The evaluation of the biodegradability Was also 
carried out on 8 kinds of the molded products produced in 
the similar manner to those of products 7)-14) of Example 
2; the molded products Were buried in matured compost and 
6 months later, those Which Were decomposed Were evalu 
ated as A, and those Which Were not decomposed Were 
evaluated as B. The results are given in Table 3. 

TABLE 3 

Tensile 
Molded product strength Biodegradability 

Example 2 7) 

[0088] As shoWn in Table 3, the molded products com 
prising the composite product of product 7)-14) of Example 
2 are con?rmed to have biodegradability and have a tensile 
strength Which is suf?cient for practical use. 

Comparative Example 2 

[0089] A 20% by Weight aqueous suspension of cellulose 
in the form of a micro?lament Which Was prepared in the 
similar manner to that product 7) of Example 2 Was heated 
at 50° C. With stirring then the aqueous suspension Was 
heated and dried at 105° C. The obtained dried substance 
Was subjected to a grinding machine at a room temperature. 
HoWever, a ?nely divided poWder as that obtained for 
product 7) of Example 2 Was not obtained and the produced 
substance had a siZe of over 150 pm. Further, the poWder 
Was apt to agglomerate. The poWder Was subjected to 
hot-press treatment in the similar manner to that used in 
product 7) of Example 2, hoWever, a planar molded product 
could not be obtained. 

Comparative Example 3 

[0090] Bacterial cellulose Which had been obtained from a 
culture solution described the making of product 11) of 
Example 2, except that a saccharide derivative Was not 
added Was subjected to the similar treatment to that in 
making product 11) of Example 2. HoWever, a ?nely divided 
poWder Was not obtained and the produced substance had a 
siZe of over 100 pm. Further, the poWder Was apt to 
agglomerate. The poWder Was subjected to hot-press treat 
ment in the similar manner to that used in to make product 
7) of Example 2, hoWever, a planar molded product could 
not be obtained. 

Jan. 9, 2003 

EXAMPLE 3 

[0091] A poWder of a composite product prepared in the 
similar process to the product 1) of Example 1 Was stirred in 
esterase enZyme (available from Boehringer Mannheim Co., 
With the pH controlled to 8.6) at 40° C. for 7 days. The 
reaction mixture Was ?ltered to remove cellulose. The 
?ltrate Was adjusted to shoW pH of 5 using 0.1 N HCl and 
the resulting insoluble component Was ?ltered out. The 
?ltrate Was ?ltered through an ion-exchange resin (Amber 
lite IR-120B, produced by organo Corporation) and dried. 
The insoluble component Was con?rmed to be adipic acid 
and the soluble component Was con?rmed to be maltotriose 
by measurement of IR spectrum. 

[0092] The obtained maltotriose and adipic acid Were used 
as raW materials for re-polymeriZation, With the adipic acid 
being converted into adipoyl chloride using thionyl chloride. 
From the recovered maltotriose and adipic acid chloride, a 
saccharide derivative (Compound No. I-8) could be synthe 
siZed in the similar manner to that used in the Synthetic 
Example. By the use of the resynthesiZed saccharide deriva 
tive (Compound No. I-8) and the recovered cellulose, the 
composite could be prepared again according to the process 
used to make product 1) of Example 1. It Was con?rmed that 
recycling is possible. 

[0093] Similarly, the molded products produced in the 
similar manner to that used in the processes to make 
products 2)-4) of Example 1, and in the processes to make 
products 7)-12) of Example 2 could be decomposed in the 
similar manner to the hydrolysis by the above-mentioned 
enZyme, into saccharides, dicarboxylic acids and cellulose, 
and from the saccharides and the dicarboxylic acids, the 
corresponding saccharide derivatives can be resynthesiZed. 
Also, from the resynthesiZed saccharides derivatives and 
recovered cellulose, molded products could be prepared. 
Therefore, it Was con?rmed that recycling is possible. 

[0094] The invention is not to be limited as except as set 
forth in the folloWing claims. Other variations and obvious 
embodiments Will be apparent to those of ordinary skill in 
this art. 

What is claimed is: 
1. A composite product comprising cellulose and a-com 

pound of formula (I) 

o o o o 

1 G 1 
HO R o/ \o n R OH 

Wherein R represents a substituted or unsubstituted alky 
lene group or a substituted or unsubstituted arylene 
group, G represents a monosaccharide residual group 
or an oligosaccharide residual group and n is an integer 
betWeen 1 and 5000. 

2. A composite product according to claim 1, Wherein the 
saccharide residual group G is at least one selected form the 
group consisting of glucopyranose, cello-oligosaccharide, 
maltooligosaccharide, and lactose. 

3. A composite product according to claim 2, Wherein the 
saccharide residual group G is cellobiose. 

(I) 



US 2003/0005857 A1 

4. A composite product according to claim 2, wherein the 
saccharide residual group G is maltose. 

5. A composite product according to claim 2, Wherein the 
saccharide residual group G is lactose. 

6. A composite product according to claim 2, Wherein the 
saccharide residual group G is glucopyranose. 

7. A composite product according to claim 1, claim 3 or 
claim 6, Wherein the saccharide residual group G is a 
saccharide residual group formed from paper. 

8. A composite product according to claim 1, Wherein the 
cellulose is formed from a plant. 

9. A composite product according to claim 1, Wherein the 
cellulose is bacterial cellulose. 

10. Acomposite product according to claim 1, Wherein the 
cellulose is formed from paper. 

11. A method for producing a composite product com 
prising the steps of: 

(a) providing a liquid containing dissolved or dispersed cellulose and (ii) a compound represented by the fol 

loWing formula (I); 

O O O O 

)k G 1 
HO R O/ \O n R OH 

Wherein R represents a substituted or unsubstituted alky 
lene group or a substituted or unsubstituted arylene 
group, G represents a monosaccharide residual group 
or an oligosaccharide residual group and n is an integer 
betWeen 1 and 5000; and 

(I) 

(b) evaporating the liquid by heating. 
12. Amethod according to claim 11, Wherein the liquid is 

formed by adding the compound of formula (I) to a suspen 
sion of cellulose in the form of a micro?lament. 

13. Amethod according to claim 11, Wherein the liquid is 
formed by adding the compound of formula (I) to a miXed 
solvent of dimethyl acetamide and anhydrous lithium chlo 
ride containing dissolved cellulose. 

14. A method according to claim 13, Wherein the miXed 
solvent of dimethyl acetamide and anhydrous lithium. chlo 
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ride containing dissolved cellulose is produced by disinte 
grating paper in an alkaline solution to provide cellulose 
?bers; and thereafter adding the cellulose ?bers to the miXed 
solvent of dimethyl acetamide and anhydrous lithium chlo 
ride to dissolve the cellulose in the miXed solvent. 

15. A process for producing a composite product com 
prising: culturing cellulose-producing bacteria in a culture 
medium containing a compound of formula I 

o o o o 

1 G 1 
HO R 0/ \o n R OH 

and making the bacteria produce cellulose, Wherein R 
represents a substituted or unsubstituted alkylene group 
or a substituted or unsubstituted arylene group, G 
represents a monosaccharide residual group or an oli 
gosaccharide residual group and n is an integer betWeen 
1 and 5000. 

16. A composite product formed by interacting cellulose 
and a compound of formula I 

o o o o 

i G 1 
HO R 0/ \o n R OH 

Wherein R is a substituted or unsubstituted alkylene group 
or a substituted or unsubstituted arylene group, G is a 
monosaccharide residual group or an oligosaccharide 
residual group and n is an integer betWeen 1 and 5000. 

17. The composite product produced by the method of 
claim 11. 

(I) 

(I) 

18. The composite product produced by the method of 
claim 15. 


