1 - [err] THERNCPLASTIC GRAFT CCPCLYNER AND PROCESS FOR

4+ PRODUCI NG THE SAME TECHNI CAL FI ELD The present invention relates to a
thernoplastic graft 5 copolymer. More particularly,’ the pr esent .
invention relates to a thernoplastic graft_copol ymer canpfwscn - %“
nonosaccharide units and/or polysacchari- e units as the backbonecdﬁé o

polyacetal units as the Iiﬁﬁt radability
and engi neering resi o 808 units

i mpart thernoplasticity to nnﬁB@&cER@DUG&NGrEEE fg#fgharide.,c BACKGROUND
ART Pol yacetal resi-ns general mecnani cal properties, such
as creep characteristic, fatigue 15 characteristic, and electric - - .
propertlesTEGHNESPé'E&Eﬁﬂcthing engi neering resins. Polyacetal resins, 3
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used as.- a Wever acetal resins obtalned 25
in this nepotyagetadonuriitsiag &thelgrath, tﬂbl@hhbaShbﬁGh Bxgelle

nDnosaCChaﬁid&ég@ﬁﬁab;llty and engineering resin properties, wherein
10 - the polyacetal units impart thermoplasticity to
monosaccharide or polysaccharide.

BACKGROUND ART | C
Polyacetal resins generally have excellent mechanical
properties, such as creep characteristic, fatigue

15 . characteristic, and electric properties suitable for
producing engineerihg resins. Polyacétal resins, because of
their inherent strong mechanical properties, are widely
used, for example for producing automotive, electrical, and
electronic parts.'

20 Polyacetal resins are usuéily 6btained by
homopolymerizing or copolymerizing formaldehyde or trioxane
with a cyclic ether, with a compound having an active
hydrogen, such as water, alcohol and the like, used as a _
chain transfer agent. However, polyacetal resins obtained Q

25 in this manner are not biodegradable.

on the other hand, while monosaccharides and
polysaccharides are biodegradable, they alone cannot be used
' as a thermoplastic resin. At present, polysaccharides, used
as a monomer, can produce thermoplastic resins, but only in

30 a very limited capacity. For example, cellulose can be used
in injection molding, extrusion, etc., after being subjected
“to esterification, etherification, and the like. The
problem with this type of thermoplastic resins, however, is
that they do not provide the necessary engineering resin

35 mechanical properties, fatigue characteristic etc., and
therefore, are not suitable for forming engineering resins.
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both, to obtg thernnplastlc graft copol yner conprising nonosacchari de

units or polysaccﬁarlde units as the backbone and pol yacetal unjts
consi sting of rep&het pPreseprmekiEctdaydttained by hanepoiymerizing

_ formaldehyde in the presence of monosaccharide or

10 polysaccharide, or combination of both, to obtain a
thermoplastic graft copolymer compr151ng monosaccharide
units or polysaccharlde un1ts as the backbone and polyacetal

units consisting of repetltlve_oxymethylene units ¢CH,0} as
the graft. _ '
15 Japanese Patent Application Kokoku (Post-Exam. Publn.)

No. 46-22054 (1971) discloses a method of formlng a polymer
by subjecting trloxane and cycllc ether to a cationic
polymerization in the presence of saponified cellulose
ester. However, the polymer obtained in this manner not
20 only'lacks the biodegradability of the present copolymer, it
also deteriorates the useful mechanical properties that are
characteristic of polyacetal resin. The polymer therefore
does not provide the neeeseary engineering resin properties.
J. Wood Chen. Technol., 3 (1), 59 (1983) discloses a
e 25 polymer formed by reactinq cellulose and paraformaldehyde
with dlmethyl sulfoxide (DMSO) . Although this method
effectively imparts thermbplasticity to the celiulose, it
does not result in a poiymer having the necessary
engineering resin properties; such as those mechanical
30 properties characteriStic_ef the present copolymer.

BEST MODE FOR CARRYING OUT THE INVENTION
The present 1nventors have made exten51ve studles to
solve the aforementloned problems. In their studles, the
inventors have discovered a novel graft copolymer comprising
35 monosaccharide units or'polysaccharide_ﬂnits as the backbone
and'polyacetal units as the greft. The present graft
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Pl odegradal S imethylene anite (-Uho-Sthat are Neaction bonded through the
10 functional group. The polyacetal units, which constitute
the graft, are graft-bonded to the monosaccharide units or -
polysaccharide units, which constitute the backbone. The o’

copolymer produces a viscosity of 0.1 - 10 (dl/g) and a
melting point of 150 - 175°C, excellent for using as an

15 engineering resin.

The thermoplastic graft copolymer is formed by
homopolymerizing formaldehyde in the presence of
monosaccharide and/or polysaccharide, each having a
functional group selected from the group consisting of the

20 hydroxyl group, carboxyl group, amino group and amido group,
and in the presence of an anionic polymerization catalyst.

The present thermoplastic graft copolymer is a
novel thermoplastic graft copolymer which comprises
monosaccharide or polysaccharide, each having a

25 functional group selected from the group consisting of
the hydroxyl group, carboxyl group, amino group, and
-amido group, and polyacetal reaction-bonded with each
other through the functional group. The polyacetal
units which constitute the graft, are graft-bonded to

30 monosaccharide units or polysaccharide units, which
constitute the backbone.

The “"polyacetal unit®" referred to herein is a
polymer consisting of the repetition of oxymethylene
units ¢CH,0).

35 The graft copolymr of the present invention
immediately after polymerization has been found to be
unstable because the polyacetal unit contains a hydroxyl
group at one side terminal thereof. The unstable



-According to the present invention, a thermoplastic graft copolymer

conpri ses nonosaccharide or polysaccharlde 5 each having a f unct i onal
group selected fromthe group consisting of the hydroxyl group, carboxyl.
greup, amino’group, and ami do group, and pol yacetal unit which is a polyrer
consisting of repetitive oxynethylene unitg (err)that are reaction-bonded

t hrough the 10. functional group. The Ztryacetal units, which
constitute the graft, are graft-bonded to the nonosaccharide units -or
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amido group. Typical examples of monosaccharide and
oy polysaccharide are as follows: '
' In the first group, examples made of monosaccharides
include glucose, allose, altrose, mannose, gulose, idose,



.constitute the backbone. The "pol yacetal unit" referred to hereinis a

pol ymer consisting of the repetition of oxynethylene units [err] 35

The graft copolynr of the present invention inmediately after .
‘pol ymeri zati on has been found to be unstablge” because the pol yacetal unit e
contains a hydroxyl group at one side term?al thereof. The unstable
termnal is thereafter converted into a stable group by a known nethod such
as esterification, etherification, urethanization, etc., the resulting

pol yner can g&mactaseseﬂaIESe, fructoibe mﬁbosaqchmuhmnose; xylose,

polysacchar|f§¥éggt iﬁs%hetﬁggo§ dsgi th%&psggacc ar| Engraft

copol ymer of The pf eseht T AvVenty on é |ve rom e or
pol ysacchar iard Hehe nlike.| east one functional group selected fromthe group

consi sting of 10 In tﬁaesaadaaxgkoa QUidx &EQ%&bde%&P poly s faesnd
am do group., I cal exanples, o dsacc r|de and pal ysaccharlde are as

followds: In % ﬂﬁ?éﬁabFBEﬁv éﬁ&ﬂﬂ#&?snadseé dobiegeyc ARGLaRe, SHEERSEe,
gl ucose, al lafflose} raEiglopastins. celliaiese,dpectic acid, chitin,

chitosan, hyaluronic acid, dextran, pulluran, curdlan,
sclerotane, f-1,3-glucan, levan a-1,6-mannan, cyclodextrin,
xanthan gum, succinoglycan, and the like.

10 In the third group, examples made of compounds produced
by chemically modifying a part or the whole of the .
functional groups of the monosaccharide or polysaccharide ~
mentioned above include esterification, etherification,
methylolation, tosylation, etc. Preferable methods of

15 chenmical modification are esterification, etherification and
methylolation because of the ease of the production process.

Examples of esterification may be formed of
acetylation, nitration, propionylation, butyrylation,
methylcarbamylation, phenylthiocarbamylation,

20 methoxycarbonylation, methacryloylation, etc.

Examples of etherification may be formed of
methylation, ethylation, benzylation, carboxymethylation,
carboxyethylation, hydroxyethylation, hydroxpropylation,
etc.

25 It is preferable to select among the chemically
modified compounds, those formed by methylolation, '
esterification or etherification of a part of the hydroxyl
groups of cellulose because of their wide availability.
Typical examples of such compounds include methylol

30 cellulose, acetyl cellulose, nitrocellulose, propionyl
cellulose, butyl cellulose, methyl cellulose, ethyl
cellulose, hydroxymethyl cellulose, hydroxyethyl cellulose,
hydroxypropyl cellulose, carboxymethyl cellulose
carboxymethyl cellulose, carboxymethyl hydroxyethyl

35 cellulose, benzyl cellulose, and the like.

As previously stated, the graft copolymer of the
present invention has a melting point of 150 - 175°C. The
melting point of the graft copolymer of the present



gal actose, tal ose, fructose, ribose, arabinose, xylose, |yxose, .
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scl erotane, [err]-1,3-glucan, levan [err]-1, 6-mannan, cyclodextrin, xanthan
gum succinoglycan and the like. 10 In the third group, exanples:
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content of monosaccharide unlts exceeds 60% by weight, the
mechanical properties, fatigue characteristic etc. become
greatly deteriorated. The preferaple content range
therefore is_io ~ 50% by weight. |

15 The proportion of monosaccharide units and/or
polysaccharide unlts in the graft copolymer of the present
invention, or the structure of the graft copolymer, i.e.,
the presence or absence of reaction bonding between
polyacetal and monosaccharide and/or polysaccharide can be

20 confirmed by the following methods:

When the graft copolymer is hydrolyzed 1n an acidic
aqueous solution, the part of polyacetal unlts is converted
into formaldehyde. The formaldehyde is analyzed
quantitatively by means of gas chronatography. _

~ 25 The monosaccharide units or polysaccharide units
contained in the'graft copolymer are converted into
monosaccharide or polysaccharlde hav1ng a hydroxyl group,
carboxyl group, or amino group, because the linkages between
the monosaccharide units or polysaccharlde units and the
30 polyacetal unlts are cleaved by an acid or the like.

_ The monosaccharlde and/or polysaccharlde is analyzed

quantitatively by means of the 11qu1d chromatography, IR,

NMR, GPC or other suitable technlque.

The graft copolymer of the present lnventlon must have
35 viscosity in the range of 0. l1-10 (dl/g)
The v1scosity referred to herein is determined in a
mixed solvent system consisting of 50% by weight of p-
chlorophenol and $0% by weight of tetrachloroethane by using
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-Typi cal exanpl es of such conmpounds include nethyl ol 30 cel I ul ose,
acetyl cellulose, nitrocellul ose, propionyl cellul ose, butyl cellulose,
met hyl cel lul ose, ethyl cellul ose, hydroxynethyl cellul ose, hydroxyethyl _
cel I ul ose, hydroxypropyl cellul ose, carboxyasthyl cellul ose carboxynet hyl,

cel |l ul ose, carboxynet hyl hydroxyethyl 35 cel | ul ose, benzyl cellul ose,
and the |like. As previously stated, the graft copolyner of the present
i nvention has a nelting point of 150 - [err]. The nelting point of the

graft copol yaeconvenkionads @stwaldl a wiseameter ath 60« MPrexpressing ..
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viscosity being calculated by the following formula:

Viscosity = T‘T- T: x2 (dl/g)
2

10 When the viscosity of the graft copolymer is less
than 0.1 (dl/g), the graft copolymer looses its engineering
resin properties and becomes unsuitable for use. When the
viscosity is larger than 10 (dl/g), the graft copolymer
looses the processability and also becomes unsuitable for

15 use.

The preferable viscosity of the graft copolymer should
be in the range of 0.5 - 5§ (dl/qg).

Next, the process for producing the thermoplastic graft
copolymer of the present invention will be describe below.

20 The graft copolymer of the present invention can be
obtained by homopolymerizing formaldehyde with an anionic
polymerization catalyst in the presence of monosaccharide
and/or polysaccharide, each having a functional group
selected from the group consisting of the hydroxyl group,

25 carboxyl group, amino group, and amido group.

The monosaccharide and polysaccharide function as a
chain transfer agent in the polymerization and reaction-
bonds itself to polyacetal through the functional group of
monosaccharide and/or polysaccharide, to give a copolymer

30 having a structure comprising polyacetal units grafted to
monosaccharide and/or polysaccharide units.

Typical examples of monosaccharide and polysaccharide
are as follows:

In the first group.. examples made of monosaccharides

35 include glucose, allose, altrose, mannose, gulose, idose,



15 The. proportion of nonosaccharide units and/ or polysaccharide
units in the graft:.copolymer of the present invention, or the structure of
the~graft copolyner, i.e., the presence or absence of reaction bonding .
between pol yacetal and nonosaccharide and/or polysaccharide can be 20 =
confirmed by the foll ow ng nethods: Wen t graft copol yner is hydrolyzed
I n an aci di c agueous sol ution, the part of polyacetal units is converted

i nto formal dehyde. The formal dehyde is anal yzed quantitatively by means of
gas chr orratg’a1aph¢se25ta1'ose, friotose)oYdbosw, Grabirose; xylgsegchari de.:
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because theandnthgeilkeLmeen t he nDnosaccharlde units or polyeaccharlde
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. The nDnosaccharlﬁe and/ or po acc érl s ana yze ntltatlve by
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10 In the third group, examples made of compounds produced
by chemically modifying a part or the whole of the

S functional groups of the monosaccharide or polysaccharide'
mentioned above include esterification, etherification, -
methylolation, tosylation, etc. Preferable methods of

15 chemical modification are esterification, etherification and
methylolation because of the ease of the production process.

Examples of esterification may be formed of
acetylation, nitration, propionylation, butyrylation,
methylcarbamylation, phenylthiocarbamylation,

20 methoxycarbonylation, methacryloylation, etc.

‘Examples of etherification may be formed of
methylation, ethylation, benzylation, carboxymethylation,
carboxyethylation, hydroxyethylation, hydroxpropylation,
etc.

25 - It is preferable to select among the chemically
modified compounds, those formed by methylolation, '
esterification or etherification of a part of the hydroxyl
groups of cellulose because of their wide availability.
Typical examples of such compounds include methylol

30 cellulose, acetyl cellulose, nitrocellulose, propionyl
cellulose, butyl cellulose, methyl cellulose, ethyl
cellulose, hydroxymethyl cellulose, hydroxyethyl cellulose,
hydroxypropyl cellulose, carboxymethyl cellulose
carboxymethyl cellulose, carboxymethyl hydrbxyethyl

35 cellulose, benzyl cellulose, and the like.

The monosaccharides or polysaccharides are preferably
pufifiéd‘by such means as washing, adsorption, drying, etc.,
prior to subjecting them to polymerization. The



-specifically, 25 ng of the graft copolyner is dissolved in 5 n of the
above-nenti oned solvent m xture, and the tine (err) required for the
solution to pass between the marks of the 5 vi sconeter at [err] is .
determ ned. A simlar determnation is nmade wth the above-nentioned -
solvent m xture al one and the required tineC?s put as T2. The viscosity
provi des an i ndex of the nolecul ar weight of the graft copolyner, the

vi scosity being cal cul ated by f formul a: viscosity = J[err] 10

the follown

Wien the vi snopospcehanide;ar ipokisaceharide each (alone or (3| pixturgemay
graft copol ygar usees $or poljAskdrBAitivh) esin properties and becomes - - .
unsui table for use. Wien_the viscosijy is larger than 10 (dl/qg), the graft
copol ymer | ooses F%%M*ﬂ?%&%cﬁ%ﬁﬁ%u guﬁﬁbﬁ%eﬁﬁ?‘%ﬁ

use. The prefiavebitdon,s sufficidnte purisied foymEldelipde discused: e thege
of O.SRE- 5 ggl/ : wi%tqth process for producing the thernoplastic graft

r of

copol y ion will be describe below 20 The
graft copol ymer offhehandorsianipolymexizatiom dcatalyst msedyin the

honopol ymeri gi | | QI I zat § yst in
he-br evancenohepelyHtz Mo dcb b i B (ele sifiede |AfefiE1ah)
functional givgludesethel fialdawing gampeundss sting of the hydroxyl group,

25 carboxyl gnQiR] {2 HetaIH Bith Al S84 A I Pt ssiiEn ORNE 2eRe a1 i e ; and
pol ysaccharide_function _as a chain transfer agent lrltﬁihgféénerlzatlon and

react #8n- boRd¥alds metal, gomplexss, syeh AR RRR Roup of
potassium-~anthracene, and the like; alkali metal hydrides )

such as sodium hydride and the like; alkaline earth metal 7
hydrides such as calcium hydride, and the like; alkali metal
alkoxides such as sodium methoxide, potassium t-butoxide,

15 and the like; alkali metal carboxylates such as sodium
caproate, potassium stearate, and the like; alkaline earth
metal carboxylates such as magnesium caproate, calcium
stearate, and the like; amines such as n-butylamine,
diethylamine, trioctylamine, pyridine, and the like;

20 ammonium stearate; quaternary ammonium salts such as
tetrabutylammonium methoxide, dimethyldistearylammonium
acetate, and the like; phosphonium salts such as
tetramethylphosphonium propionate,
trimethylbenzylphosphonium ethoxide, and the like;

25 tetravalent organotin compounds such as tributyltin ~
chloride, diethyltin dilaurate, dibutyltin dimethoxide, and
the like; and alkyl metals such as n-butyllithium,
ethylmagnesium chloride, and the like. The preferable
anionic polymerization catalysts, however, are quaternary

30 ammonium salts.

The amount of anionic polymerization catalysts used
range from 0.0001 -~ 5 parts by weight relative to 100 parts
by weight of formaldehyde. Thus the amount of the anionic
polymerization catalyst is too small, the thermoplastic

35 graft copolymer of the present invention cannot be obtained.
When the amount is too large, the thermal stability of the
graft copolymer deteriorates greatly. The preferable amount
of the catalyst is 0.0005 -3 parts by weight. The




nmonosacchari de and/ or pol ysaccharide, to give a copolyner 30 havi ng a
structure conprising polyacetal units grafted to nonosacchari de and/or
pol.ysaccharide units. Typical exanples of nonosaccharide and pol ysacchari.de
arenas follows: tn the first group,, exanples made of nobnosaccharides 35 -

I ncl ude gl ucose, allose, altrose, mannose, gﬂ?ose, | dose, gal act ose,

tal ose, fructose, ribose, arabinose, xylose,'1Tyxose, erythrul ose, threose

gl ucosam ne,, gal act gsami ne, and the like., In the second ou exanpl es .
made of pol yégé’mﬁn&&t@n is jcondpered, indthe jabsrnce QF gh’ﬁﬁFo g in

| act ose, sucapsorganiosvlveant.opectin, cellul ose pectic acid, chitin,
.chitosan, hyaluro aci d ra uIJura dIa clergtane. .
[err]-1, 3-gl ucan, E%?ﬂﬁiﬁ%aé%ngP qﬁ#%ﬂﬁ] £ Y x%ﬂ ﬁé Bﬁﬁ?ent
succinoglycanpwisiqnuanaluﬂe:Hl;phatic hydradarhdnscsqphnas Bxpeptapepnde
<of congounds q%yyg 5§Fg | t fet h€

f unct anal gpg'l?%g&o t?eL nosac'char rfé/ ?’s‘ggéc ar%xd %oneg Shove
i ncl ude estePPﬁl&Qﬁ(%ikQﬁiﬂﬁqqﬂﬁiﬁ|hﬂﬁr9ﬁﬁﬂhﬂﬂﬁzﬂQQh13Qck5¢%$$%n etc.
Preferabl e mgohednelf A ene, EHATER IEKH"HEﬂdéEhéﬂéﬁfﬁifﬁﬁétfét'0”

o boeme T BiBatalbori, it A et i, nldFelioh, “oehon
nitration, pretrachioriide, @thyldms ichloride, trichloroethylene, and the
10 like; and halogenated aromatic hydrocarbons such as
chlorobenzene, o-dichlorobenzene, and the like. These
N organic solvents may be used individually or as a mixture of

two or more thereof.

The monosaccharide or polysaccharlde that functions as

15 a chain transfer agent is used after uniformly dissolved or
dispersed in the reaction system. The concentration of the
chain transfer agent in the system can be easily determined
by experiments according to the intended molecular weight of
the desired graft copolymer. _

20 The reaction temperature is usually selected from the
range of -20 to 230°. The preferable range is 20 -~ 210°C
when no solvent is used and -10 - 120°C when organic
solvents are used. _ _

- The reaction time is not particularly limited, but is
M 25 usually selected from the range of 5 sec to 300 min.

As previously discussed, Since the graft copolymer has
unstable terminals, the terminals are stabilized by capping
by such means as esterification, etherification,
urethanization, and the like. The stabilized graft

30 copolymer can then be used.

_ _ Examples

The present invention will be described in more detail
below with reference to Examples. It is-to be noted that
the present invention is not to be 1imited to the Examples

35 provided herebelow. |

The items of determination in Examples given below are
as follows:



‘et hyl car banyl ati on, phenyl t hi ocar banyl ati on, 20 met hoxycar bonyl ati on,
met hacryl oyl ati on, etc. Exanples of etherification my be fornmed of
met hyl ati on, ethylation, benzylation, carboxynethylation,

car boxyet hyl ati on, hydroxyet hyl ati on, hydroxpropyl ation, etc. 25 "
It is preferable to select anong the cheniﬁally nodi fi ed conpounds, those
formed by nethylolation, esterification ortletherification of a part of the
hydr oxyl groups of cellul ose because of their wide availability. Typical
exanpl es of SLmﬂ1unmmimgdpoiﬁekudfhﬁnthgldétaﬁminedcbyluhdag,aadﬁmwer-l

col Ul ove, HICFEE adamifns PESRbRINELER IHBETT,) BHBYS, SCh, Ysomg o !
cel | ul ose, hvﬂn@kypgxa@t cqpbh&meg isaloasdedeinto tbeDBGsotc;nbuxynubhyl
cel | ul ose, ?éx%?ﬁy t%egyﬂégsggt I 352°°.ccgltl I Pate Qng erg:gHﬂJ ose,

and the lik nonosacchari des o gg sacchari des are
r

purif Ped by angtithen coatedBowngtos}d tatna gayengf épcclﬂlﬂ-ﬂl-or to

suth ecltl Ng thpERdAr 0O VR  Rélthg pbent 1@&&§aﬁtmaéadatoa Relnpesatuid-de

each alone of a m use r meri zati on

honDpoIynen%ﬁﬁ#%ﬁ?éﬂﬁxﬁ?ﬁ%gofo tﬁecﬁwégent¥Pﬁv@ﬁ Eing g PlcﬁénFPF tem-

purified forpetdnhye ccofrespondinghtoSthe makimiinngfheati absorption peak.
Viscosity: 25 mg of graft copolymer is dissolved in

10 5 ml of a solvent mixture consisting of 50% by weight of p-
chlorophenol and 50% by weight of tetrachloroethane. The .
viscosity is then determined by using an Ostwald's viscometer s
at 60°C. Viscosity is an index of molecular weight.

Vibration fatigue characteristic: A test piece is cut

15 out from a plate of graft copolymer and determination is made
according to ASTM-D 671 at 20°C and at a repeated vibration
cycle of 1800 cycles/min. The maximum stress up to which
the test piece does not fail when subjected to 10® times
of repeated vibration (that is, fatigue strength) is taken as

20 the index of fatigue resistance - the higher the fatigue
strength, the greater the fatirue resistance.

Abrasion loss: This is a measure of mechanical property.
The abrasion loss of resin is determined according to JIS K
7218 A under the following conditions: opposite material

25 S45C, face pressure 1 kg/cm2, linear velocity 24 cm/sec, and
travel distance 50 km - the smaller the abrasion loss, the
greater the mechanical property.

Biodegradability: At a constant temperature of 30°C,
50 mg of a lytic enzyme is added to 10 ml of pure water, 10 mg

30 of test film (0.1 mm thick) of graft copolymer is immersed
therein, and the number of days in which the weight of the
film reduces to half is determined - the faster the weight of
the film reduces to half, the greater the biodegradability.
Cellulase, chitinase or amylase is used as the lytic enzyme.

35 Example 1
(1) Preparation of the graft copolymer:

1,000 g of polysaccharide, acetyl cellulose (degree of
acetylation: 50%), was suspended in 10 liter of cyclohexane.



_The ani oni ¢ pol ynerization catal yst used in the honopol yneri zati on _
according to the present invention includes the foll ow ng conpounds: Al kal
metafs such as sodium potassium and the like; 10 al kal'i netal

.corpl exes such as sodi um napht hal ene, potassi um ant hracene, and the I|ke
al kali metal hydrides such as sodium hydride and the |ike; alkaline earth
met al hydrides .such as cal cium hydride, and2the |ike; alkali netal

al koxi des such as sodi um net hoxi de, potassiumt-butoxide, 15 and the

i ke; al kal |ﬁggjﬁabfcgr b%?/?’y?ﬁs o‘y@im?ﬁiﬁﬁﬂi %xﬁﬁﬂd&iﬁe mﬁﬁshdﬁl .20 L
stearate, and the liké; alKaline earth net r | at es such as nesi: um-
caproate, caB&htinPE: tetrabutylammonivn ac ép %ﬁ?%ﬁﬁﬁﬁ?l ﬁgagy8§5 e

" di et hyl ami newasr toatihasuedy Ridded o tamlh ntibeturiek o2 (@ hoummahlﬁm .
stearate; quaterpar SHS oxi de,
_di net hyl di st’@ﬁ?‘?F ﬁﬁ&ﬁmfcg‘%&&%t g"et Ip%ym%%\ios on| um sa é such as
: ﬁt rianft hylzphosphmheupoﬂymrorfarmed mmmmmm@l&@brﬁzmgi@i?eu@neand
e like; gﬂﬁp i i g
chl ori de, d?g?ﬁ F? §¥?h§%19p%g§&b fg tin dine X|deﬁ§%ﬁé the‘yllket and
al kyl netalsﬁgﬁﬁhtasohtbmnyMn&ﬂﬂ|ﬁn° mﬁyﬂﬂﬁghe5|un1chlor|de and the like.
The pref er ab| gy antgRiFS rRQILIGH ¥ th) stFRithYleS of YR ,cdﬁ&lmfernary 30

from 00001 - 5 Eﬁﬁeig'é;“%e%m%%%a%%ee%é%% Tivd e creradtdd
formej glehydeinThe3ubhe atoulo°d fioie 6adicutis. No unreacted acetyl
cellulose was detected. |

k%’_ ASg portlon of the polymer was’ dlspersed in 95 g of
0.3 N agqueous hydrochlorlc acid solution and heated to 98°C
for 3 hours. While this heating operatlon decomposed all

15 the polyacetal units into formaldehyde, acetyl cellulose -

| underwent no decomposition. The acidic aqueous solution was

neutralized w1th 0.5 N agueous sodium hydrox1de solution,
and the acetyl cellulose in the aqueous solution was
separated, whereby 0.9 g of acetyl cellulose was recovered.

20 It is evident from the above result that polyacetal has
been bonded to acetyl cellulose. The content of acetyl
cellulose'units in the graft copolymer was 18% by weight.

The graft copolymer had a melting point of 171°C and
viscosity of 1.1 (dl/g).

25 (3) Determination of properties of graft copolymer-

A graft copolymer whose termlnals had been stabilized
 by the use of acetic anhydrlde was 1ncorporated with
'stabxllzers (heat stabilizer: nylon 66, antioxidant: 2,2~
methylenebis, U -ﬁethyl -6-t-butylphenol) and melt-kneaded

30 in a twin-screw extruder having a diameter D of 30 mm to
obtain the graft copolymer io_the form of pellets; The
pellets were used in injection molding ahd'showed a good
moldability. The molded products there-obtalned were tough
and had excellent mechanical properties.

35 The propertles and blodegradablllty of the molded
product are as follows:

Fatigue strength: 250 kg/cm®

Abrasion loss: 3.1 x 10* g/km



"pol ynerization catalyst is too small, the thernoplastic 35 graft
copolynmer of the present invention cannot be obtained. Wen the amount is
too large, the thermal stability of the graft copol yner deteriorates
greatly. The preferable anobunt of the catalyst is 0.0005 -3 parts by .-
wei ght. The 10 polynerization is conducggﬁ in the absence of solvent or
in an organic solvent. Exanples of the org c solvent usable in the
present envision include aliphatic hydrocarbons such as n-pentane,

n- hexane, n- heptaﬁé°dﬁ969§ahéliGyblohé%aﬁéyscﬁéNGéSnF&#&meén@QQ%¥1§§&9
aromatic hydr ocarhenahauﬁhbgs theset resulds|C e GHaFte copullyiiér | oXethe

halggen?t?ddg%+§$$é|2n§ Carb%ﬁ;ﬁi ch as q@mdgfymachlorl e, dc?LorgBorm"
carbon tetr an e

i ke; and habhgraeteﬂxstduaproyhmtdﬂsamEbmngimdeningﬂﬁesiﬂxnnﬂwnxce1lent
o-di chlorob These organic solvents may be used

i vi Boal | BEpageraaspl iTey. >

I ndi vidual | ‘of two or nore thereof. The nonosaccharide or
polysaccharlde that functions as 15 a chain transfer agent is used
after uniformy dhﬁgﬁ%ﬁgdzor di spersed in the reaction system The
concentration of t ain transfer agent in the systemcan be easily
det er ni ned b{1kxpRrerarasion: ofigx@ it copolymeriided nol ecul ar wei ght of the

desired graft copghW{y@fous formaldehyde has was introduced continuously
at a rate of 2 kg/hr for 5 hours into 5 liter of cyclohexane
10 containing 100 g/liter of polysaccharide consisting of ethyl
cellulose (degree of ethylation: 30%) and 0.4 g/liter of
polymerization catalyst consisting of
dimethyldistearylammonium acetate.
Ethyl cellulose at a rate of 500 g/hr and cyclohexane
15 containing 0.4 g/liter of dimethyldistearylammonium acetate
at a rate of 5 liter/hr were fed continuously for 5 hours,
concurrently with the supply of formaldehyde gas, while
maintaining the polymerization temperature at 60°C.
Cyclohexane containing the polymer was withdrawn
20 continuously so as to balance with the amount of the raw
materials supplied, and the polymer was separated from
cyclohexane by filtration. The polymer was washed
thoroughly with acetone and dried under vacuum at 60°C to
obtain 11.5 kg of polymer. '
25 (2) cConfirmation of the structure of graft copolymer:
The polymer obtained in (1) above was extracted in
toluene for 6 hours. No ethyl cellulose was detected.
A 5 g portion of the polymer was dispersed in 9.5 g of
0.3 N aqueous hydrochloric acid solution and heated at 98°C
30 for 3 hours. While this heating operation decomposed all
the polyacetal units formaldehyde, ethyl cellulose underwent
no decomposition. The acidic aqueous solution was
neutralized with 0.5 N aqueous sodium hydroxide solution,
and the ethyl cellulose in the aqueous solution was
35 separated, whereby 1.05 g of ethyl cellulose was recovered.



20 The reaction tenperature is usually selected fromthe range of
-20 to [err]. The preferable range is 20 -[err] when no solvent is used and
-10-- [err] when organi ¢ solvents are used. The reaction time is not . :
pa{tlcularly limted, but is 25 usually selected fromthe range of 5 sec
to 300 min. As preV|oust di scussed, since the graft copol ynmer has unstabl e
termnals, the.termnals are stablllzed by lgappi ng by such neans as
esterlflcatlon etherification, urethanization, and the like. The.
stabilized gr aft B0 is eoﬁaaehtrrrtomamhtmambe reetl tEtat qmlﬁmcetESenhs

I nvention w|l | de C etail W W f -
Exanples. It d Nt e ot e limted:
Beert honden Eaqethyl FRafndees IS ferberl I RS,

"to the. Exann¢em1ﬁmbse upit3|dadtherghaf@wcoﬁbdymeemwaﬂ=z&&(hynwndgbh in
Exanpl es given b I T t ned
by e 3 e oetRY GHErRocbBbl T padS Hel€ i Boing YD 4o fle g oo
of sarfple gr%ich§$tWyﬂﬁr0h§ (g4ddd-i nto the DSC at roomtem perature.
t hen heat ed gﬂ %%tﬁoﬁaﬁﬁ ? P@g&h@g\gf,g§aft dag$ﬂyygkcooled down
rmeo mn erea

to [err] at ter the nelting point is detern1ned
at a tenperature'A|9%§€BSFﬁB°FXPGrOVhP§PrFEFH ingls had: begnstabitized

tem by the use of acetic anhydride was incorporated with the
same stabilizers as used in Example 1, and injection-molded
10 in the same manner as in Example 1. The moldability was
good, and the molding having the following properties and
-t biodegradability were obtained:
Fatigue strength: 230 kg/cm’
Abrasion loss: 1.1 x 10* g/km
15 Biodegradability: 13 days (Lytic enzyme: cellulase).
' As shown by these results, the graft copolymer also
exhibits excellent mechanical properties, fatigque strength
as well as biodegradability.

Example 3
20 (1) Preparation of graft copolymer:
The same procedures as in Example 2 were followed
. except that polysaccharide consisted of hydroxyethyl
cellulose (degree of hydroxyethylation: 20%) to obtain 11
"kg of polymer.
25 (2) Confirmation of the structure of graft copolymer.
The polymer obtained in (1) was extracted in dioxane
for 6 hours. No hydroxyethyl cellulose was detected.
The polymer was hydrolyzed in the same manner as in
Example 2 and the content of hydroxyethyl cellulose units in

30 the graft copolymer was measured 19% by weight. The graft
copolymer had a melting point of 169°C and viscosity of 0.8
(dl/q).

(3) Determination of properties of graft copolymer:
The graft copolymer obtained in (1) showed the
35 following properties and biodegradability:
Fatigue strength: = 240 kg/cm? -
Abrasion loss: 2.1 x 10* g/km



_perature corresponding to the maxi num of heat absorption peak. Viscosity:
25 mg of graft copolyner is dissolved in 10 5 mM of a solvent mxture
consi sting of 50% by wei ght of p- chl orophenol and 50% by wei ght of

tetrachl oroet hane. The viscosity is then determ ned by using an Ostwald's,_
visconeter at [err]. Viscosity is an index of nolecular weight. Vibration
fatigue characteristic: A test piece is cy&ls out froma plate of

graft copol yner and determ nation is nmade according to ASTMD 671 at [err]
and at a repeat edgyodegira@abiyity:0f 130Qagsc Q&/tliw Pyme el InBaA58FS UP
to which the test_piecge .does _npt f when ﬁ’— ected tot[&grcéptirres of - .
repeat ed vi brati diF (EF¥Lgepced; |§§85§tFEﬁ§ﬁ fl 2 BT YRehe i ndex
of fatigue reathibhitscexcéltehtgenaygineerfing gesint propertidse ag aaeékl ake
fatirue resi . LON . . This is a neasure of nechani cal
property.'ﬂé?éﬁﬁég?ggéfgéggﬁkgigéin I's determ ned according to JIS K 7218
A under the followi ng conditions: opposite material 25 S45C, face

pressgye 1 kg/[er | e 2 Me) di stance 50 km -
t he s#gller t he +€§€ gés SﬁklergaggL&?ﬁgeﬁgghgﬁ%Ea property.

Bi odegr adabi lity: me %aEEnBFQﬁPdP«FﬁFﬁePEt dne Exampde; R werenfaklowed: ¢
enzyne i s adgdecep® '&l@aﬁd mQ{:hQHBQ \wat, gr iaQ')m.Ja?’Qnown %atﬁ:sttzfdﬂé?éﬁ 1 mm

thick) of graft ‘copoly I myer sed erei.n, and_t nun?Fr of . days in
edhe

whi ch the\Mﬁ%ﬁﬂtcﬁ'?r%s?9IﬁPrEaGG§s°Foeﬁ9V# F§1389€Fﬁr1 BARIYBEY er the
wei ght of t hsbtained eshéwadt thalfblloking popertiesbiamdegr adability.
Celhéiase cguoéégggagglfgxlase I's used as the Iytlc enzyne. 35
Fatigue strength: 260 kg/cm? N
Abrasion loss: 1.3 x 10* g/kn
Biodegradability: No decrease in weight even after a
lapse of 200 days (Lytic enzyme:

15 . cellulase)
Viscosity: 1.8 (dl/q)
Melting point: 176°C.

In the case of polyacetal resin, the resin exhibits
excellent engineering resin properties, but no
20 biodegradability.

Comparative Example 2 (Japanese Patent Application
Kokoku No. 46-22054)
A graft copolymer of cellulose ester was obtained in
exactly the same manner as described in Example 1 of
25 Japanese Patent Application Kokoku (Post-Exam. Publn.) No.
46-22054. The polymer obtained showed the following
properties and biodegradability:
Fatigue strength: 110 kg/cm?
Abrasion loss: 120 x 10* g/km
30 Biodegradability: No decrease in weight even after a
lapse of 150 days (Lytic enzyme:
cellulase).
The graft copolymer described in Japanese Patent
Application Kokoku (Post-Exam. Publn.) No 46-22054 exhibits
35 no biodegradablility. Moreover, the graft copolymer would
be a poor choice for engineering resin as it showéd greatly



‘(1) Preparation. of the graft copolyner: 1,000 g of polysaccharide, acetyl
cellul ose (degree of acetylation: 50%, was suspended in 10 liter of
cyctohexane. Each of 2,000 g/hr of anhydrous fornal dehyde gas and 1. 2

o/ kr. of tetrabutylannnnlun1acetate (pol yneri zation catal yst) was
confinuously added to the mixture for 2 houbs whi | e mai ntai ning the
tenperature of .polynerization at [err]. The pol yner forned
was then separated from cycl ohexane, washed thoroughly with acetone and
dried under YetetiPERted, Propersies.-n FheoGopos N“EG]f%EP- ?rnatlon

of the str uqsﬂ:eeeé deatiki®enolinmehe ﬁh@aﬁé&iat pmmtty mpplalaamm is (1)
above was extrac

I C.f t
ooyt "ol iphSehintiy, sirehreRel 11 pRhetiey, SrrBcBObR r b Y AL,

in 95 g of OcSpdlymeroos hhérprhbentC1awedtiohut|on and heat ed to[err] for

.3 hours. Wile this heating operation deconposed all 15 t he pol yacet al
units into formal dehyde, acetyl cellul ose underwent no deconposition. The

aci di cd aqueous socqmpenaMyenGuamaﬂezé'd (Wi t Hoods CRemgu&eehneddi uid Ak oxi de
sol uti.on, anggt hgegs i cellul ose in the aqueous solution mas separ.at ed,

whereby 0.9 g ol ace cel lul ose was recovered. 20 | s evident
fromthe above reBuf® Fﬁ&?npﬁpyﬁééP&th&Qobﬂeﬁfbeﬁ&&ﬂlpﬁeaaggﬂzqgﬂqLﬂ se.

The content pir&f@fﬁélaeh&abom gnbt 3ikert b¢ aifabthelpeulfoxides weio by
wei ght- prepared and then allowed to react while stirring and
10 maintaining the temperature at 96 - 105°C for 11 minutes.
The polymer thus formed was separated from dimethyl
sulfoxide to obtain 210 g of polymer. The polymer had a
melting point of 128°C.
The polymer was acetylated, then incorporated with
15 stabilizers and injection molded. The moldings showed a
good moldability and the following properties and
biodegradability:
Fatigue strength: 40 kg/cw’
Abrasion loss: = 190 x 10* g/km
20 Biodegradability: 7 days (Lytic enzyme: cellulase).
The cellulose rendered thermoplastic (i.e.,
methylolated cellulose) by this method exhibits excellent
_ biodegradability, but has poor mechanical property and
N fatigue strength so that it is not useful as englneering
25 resin.

Examples 4 - 25 and Comparative Examples 4 - 8
Thermoplastic graft copolymers shown in Table 1 were
prepared by using the polymerization catalyst and catalyst
concentration, monosaccharide and polysaccharide as shown
30 therein. 1In all of the Examples, the polymers showed
excellent mechanical property and fatigue strength, which
are quite suitable for use as engineering resins, while at
the same time exhibiting excellent biodegradability.
In Comparative Example 4, in contrast, the content of
35 the polysaccharide units was too low, resulting in poor
biodegradability. In Comparative Example 6, the graft



-The graft copolyner had a nelting point of [err] and viscosity of 1.1
(dl/g). 25 (3) Determnation of properties of graft copolyner: A graft
copol ymer whose term nals had been stabilized by the use of acetic )
anhydride was incorporated with stabilizers (heat stabilizer: nylon 66, oy
antioxidant: 2,2- nethylenebis, 4 -nethyl t - butyl phenol ) and

nel t - kneaded 30 In a twn-screw extrud having a dianeter D of 30 mm
to obtain the graft copolyner in the formof pellets. The pellets were

used in i nj ecoPOAYmETdiexhibited nevery rer mechanical propersyijdye to

product's. t hegfia0ldcaaf s fryofbantbbad £ aBGRARKaRD1R’ MNCHkES.
35 The propertiés and Di odegradability of the npl deg product are
as follows: %PFE}U apolymar, was dif g‘?‘He? r'§0 ABFocess apdgmold due to, they

- g/l km 13 Bwidcosdtabibding tod hilftys (Lytic enzynme: cellulase). As shown
by th Its, ;th f t I f gh i ' hi bi t.
excel | Bt meohani 38 COMRARACINE taaple 41 oA FEERS | (UEPLIRRE R
excel lent 5 a low meddrimdpipdint and aprery pdor mechanical propexty due
copolymer: ARy ghQUedntdit ¥ Pt yrcdiiar1dd "AHHEE bEPRY' HEUA YN,

INDUSTRIAL APPLICABILITY
The thermoplastic graft copolymer of the present

10 invention, intended for imparting thermoplasticity to
monosaccharide and polysaccharide, makes it possible to form.
a thermoplastic resin which has both excellent mechanical
properties required for engineering resin and
biodegradability. The graft copolymer of the present

15 invention can be put to wide range of uses including film,
sheets, electric and electronic parts, automotive parts, and
so forth. Moreover, molded articles from the graft
copolymer, after being discarded, can easily be biodegraded.
Thus, the copolymer is of great industrial utility value.



at arate of 2 .kg/hr for 5 hours into 5 [iter of cycl ohexane 10 ,
containing 100 g/liter of polysaccharide consisting of ethyl cellul ose
(degree of ethylation: 30% and 0.4 g/f{Miter of polymerization catalyst .

‘cousi sting of di-methyl di stearyl anmoni ‘acetate. Ethyl cellulose at a rate
of 500 g/ hr and cycl ohexane 15 containing 0.4 g/liter of
di net hyl di pt e rylaunDHiunrace ate af a ratje of{5 literf hr were fed

cont i nuous} ofirs, congurrengly witlh the supply} of formal dehyde gas,
whi | e mai nf ai githe pol yner|zationp tenpdratufe at [efr]. Cycl ohexane ' .

[ &as W rglra <0 ~CONted NUOUS| W SO as to "bal ance
e saw majerial § qupplii gd, | @hd thel gpl yner was

separ at ed bxane by|fTItration. {The pol yner mas mashednthoroughly
with aceto ﬁyriej under Yyacuumjat [ernqr] tp obtain 11.5 kg ofN pol yner.

. 25 (2) iF mat fon of the strdicture jof graft coppl yrmer : Th% pol ymer
obtained ifp ( lwas extlactedlin tolluenelfor 6 hours. No e@hyl

cel l ul ose §ﬂh detectefl. A5 gjporti¢n of the ppl ymer s dispers in 9.5 ¢
of 0.3 N angp hydrpchloricjacid ¢olutign and heated at[err] 3@ . for 3

hours. W I1&@]t+Ri s hepting oppratiop decorfposed all t

pol yacetgl units
fornaldehyquLd&hyl(:ﬂéLnose ypder t nq decpppositijog, The ackdic
aqueous sof @ was 1qytralliq§ w {110. 5|Njaguepus sgdium hydr ogi de
sol ution, mnd]tRe eth cel lul S&e i h The qqueo S sol utf on was 355
separ at ed, § maeg%y 1.)5 g of pthyl ¢ellul gse was recovlered.
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It is evident fromthe above result that polyacetal has been bonded to
ethyl cellulose. The content of ethyl cellulose units in the graft

copol ymer was 21% by wei ght. The gratit, copol yner had a nelting point of
[err] and 5 viscosity of 0.8 (g/ . (3) Determ nation of properties”Qf
graft copolyner: A graft copolynmer whose term nals had been stabilized by

the use of acetic hydri ¢f¢ was i ncforporatgd wi th tfhe sane [stabilizers as
used in Exanple 1, jnd ingjection- ded 10 [ he sane jmanner as in
Exanple 1 The noldabili{y was go irng the foll ow ng:
propertie$ and biodegradability wer ul ngéh: 230 -
kg/[err] Afasion |pss: Y 1.1 x| . Bijodegradabi lity:
13 days ({y®ic enzype! celldl ase). eresul t}s® the graf
copol yrmer |al so exhipits excell ent ties, fgtigue strength
as well a$ biodegrafabiligy. Exanpl Prepar at}i on of graf
copol yner} The sane] procedlures as i d except th
pol ysacchfri
hydr oxyet hyl ati on: 8
Confirmatqon of the r obtainedgin
(1) was extracted
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.for 6 hours. No hydroxyethyl cellul ose was detected. The pol ynmer was

hydrol yzed in the.sane manner as in Exanple 2 and the content of
hydeoxyet hyl cellul ose units in 30 the graft copol ynmer was neasured- 19@6
by, wei ght. -The.graft copol yner had Z20rel ti ng poi nt of 1690C and vi scosity
of 0. 8 (dl'/g) (3) Determination of properties of graft copolymer: The graft

copol yner] obtajned.lin (1)} showef the B5 fol |l o ng prioperties and
bi odegradabi lity: Hatiguel strenpth: 240 k¢/[err])l Abras} on | oss: 2. 1
x [err] of km 15 {Bi odegyr adabi {ity: 12 days (Lytic enzyne: cellul ose).
As evide ed by thdse resjlts, fhe gr;ﬂg copol ymer thi ' excel lent” -~
-t [Te]
englneerlng.re5|n Fropert & as|well §s goo ‘Elodegnada 1 l4ty. 5
Conpar ati )& Exanpl 4§ T (poj Facet hI€ res| The Qame {pPocedufts as in Exanple
2 were fol l owed exdept thlat nmetpanol (2.5 g{hr), 4 kno chai n .tiransfer
agent was| used in gl ace et hyl cell pl ose. [ The pgl yner btalneg showed t he
foll ow ng| propertigs and [10 bi odegradabjlity: jFati gue stren%Eh 260
kg/[err] pOTastron 1o0ss. T.B X [€|r] g/Rn1B|odegrad ITIty
decrease | n wei ght |even dfter a
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| apse of 200 days (Lytic enzyne: 15

cel lul ase) Viscosity: 1.8 (dl/g) Melting point: 176[err]. In
the case of polyacetal resin, the resiglexhibits excellent engineering _
resin properties, but no 20 bi odedf adability. Conparative Exanple 2 « |

(Japanese Patent Application Kokoku No. 46-22054) A graft copol ynmer of -
cel l ul ose gster was obtailhed in exactly] the shme mannerff as described in

Exanple 1 qf 25 Japanese Pafent App icatiﬁn Kokoku § Post - Exam Publ n.)
No. 46-22044. The pol ynmer{ obt ai hed showed thelfoll owi ngf properties and - .
bi odegradalyi Li ty:§ Eatigug g r enptoh: 11Q*kg[EQ5] Abrasj on | oss: 120 X -
[err] g/ km|3G - BiongradéBility ~ No crease §n wei ght even after
a | apse of 150 dgys (Lytifc enzyjr® cel |l ase) he gr af opol yner
descri bed ijn Japanese Patjent Applicatiop Kokoku (Post-Hkas Publn.) No
46- 22054 exhi bits] 35 no bi oflegradablility , ot he graft
copol ymer Voul d be a poor| choick for enbineer|ng ' =s§!t showed greatly
| 6 deteriorated pkopertie§. Thef copol ynger obt pi ned by t e'8
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process described in the Japanese Patent Application is essentially
“different in nolecular structure fromthe graft copol ymer of the present
i'nvention. 5 Conparative nple 3 (J. Wod Chem Technol., 3 (1),
5Q (1983)) A solution containing I y-of cellulose and 200 g of o
par af or mal dehyde in 2.5 . liter of dinmethyl sulfoxide was prepared and then
allowed to react while stirring and 10 mai ntai ni ng the tenperature at
96 - 105[err] for 11 mnutes. The polyner thus formed was separated from
di met hyl sul foxi de to obtain 210 g of polymer. The polyner had a nelting -
point of [err]. The polynmer was acetylated, then incorporated with 15 -
stabilizers and injection nolded. The noldings shomed a good nDIdablllty

and the foll owing prope es _and bi odegr adab at i que engt h: 40
kg[ err] §Abrjasijon | @ss: 190 ¥ 104 of km-320 _ Bi odegradabi lity:
7 days ‘Lytlc ezyife: cel | §l ase) .| The del | ujose renglered thernopl astic
(i.e., fetiyl gl & ed cellul ¢gse) by this jret hed exhibits excell ent
blodegr datlli hut has poor ngchani clal pgoperty @nd fatigue strength so
t hat |tg|s not &Le‘ul as engi neer}fi ng 25 resin. Exanples 4 - 25.and
Conpar atffi ve gﬂaqu65¢4 - 8|Teer ndpkastijcegr #fd copolygers shown in Table 1
wer e prgparfed b ugi g t he JpBl yngr Pzat i o cEFﬁIyst gnd catal ysig
concent rfat ijoR,| mondsaccharijde and pol yslacchgri de as|shown ,
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30  therein. In all of the Exanples, the polyners showed excellent
nechani cal property and fatigue strength, which are quite suitable for use
as engineering resins, wile at the time exhibiting excellent

bi odegradability. In Conparative Exa 4, in contrast, the content of 35
t he pol ysaccharide units was too | ow, resulting i n poor biodegradability. ™
In Conparative Exanple 6, the graft 17 copol yner exhibited a very poor

mechani cal property due to the viscosity being too low. |In Conparative
Exanple 7, the graft copolynmer was difficult to process and nold due to the:
viscosity being too high. 5 I n Conparative Exanple 8, the graft

copol yner exhlblted a Iom/neltlng p0|nt and a very poor nechani cal property
due to theg sl DDUSTRI AL

APPLI CABI LI TY The ther aft o pol yher of the present 10
invention] intended| for inpprtingjthernmgplasficity tp nonosacchari de and
pol ysacchgride, nekes it popsiblejto fofma fhernoplpstic resin which has
bot h excell ent mechfpni cal pyoperties required for enpgineering resin and
bi odegradgbility. copol yrmer off the} present} 15 i nvention can
be put tojwide range ep sgrmﬂjdbng flﬁn] gheets,| @ ectric and
el ectroni ¢ parts, autonotive part$, and sB fhfth. Mof eover, nntped articles
fromthe graft §:
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AN
“.copol ymer, after being discarded, can easily be biodegraded. Thus, the
copolyner is of great industrial utiQygty val ue. [err] [err] [err] .
[err] [err] [err] 23. [err] . :
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[err] [err] [err] - H . [err] ) :

go0 CLAI M5 1. A thernoplastic graft copol ynmer conprising

nonosacchari de or pol ysacchari de unt?ig each having a functional group -~
sel ected fromthe group consisting of the hydroxyl group, carboxyl group, -
am no group and am do group, and polyacetal units consisting of repetitive
oxynet hyl ene units(err) which are reacti on bonded with each other through
said functional group, said nonosaccharide or polysaccharide units
constituting backbone of the copolyner and said pol yacetal units :
constituting graft of the copolyner, said graft being graft-polynerized to o
sai d backbone, and said
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copol yner
[err]. 2.
t he< pol ysa
cgltul ose
copol yner
cel | ul ose,
A t her nopl

hydr oxypr o
benzyl cel

on the tot
copolyner

7. A pr ocbgdrbnylpgm‘dup,ng‘,axbblxmhmmewt,l amngmnef Hrmmlqmbrammmrqut 0

S te
gyﬁénbgggsgggéénggab sa|§8%%ﬁ§ aégﬂgﬁqﬁfiﬁ;velgﬁyﬁﬁﬁarlde uni
or conblnaiunhtSLJHBDh)WbaGh axei mgagtioncbooded QPG@peﬁﬂhaﬂﬁhP#rthWQwﬂh

claim1l co
f or mal dehyde

group cons

havi ng viscosity of 0.1-10 (dl/g) and a-#elting point of 150 -

ccharide units consist of cellulose m
ester;, cellul ose ether, or anylose. 1M Z’j gr aft
accordlng to claim 2, wherein the cellul osé ektef Is etyl

ni t.rocel | ul ose, proplonyl cel ose, or butyryl cellulese.

A thernoplastic graft copol yner aCCﬁ#Q' iﬁto cl aim7I,—wherein

astic graft copolynmer according to claim?2, wherein the ceIIquse
ether is nethylcggkhglose et hyl cell ul ose, hydroxyethyl cel l'ul ose,

p

Iﬁl‘oseA the COPCLYBES| AP

“ponthifhall oktupned entplorSul tnd ordis SPIERNAE of(Bhe

| $4189£8hcti®nal group, said monosaccharide or polysaccharide
units constituting backbone of the copolymer and said
polyacetal units constituting graft of the copolymer, said
graft being graft-polymerized to said backbone, and said
copolymer having viscosity of 0.1-10 (dl/g) and a melting
point of 150 - 175°C.

2. A thermoplastic graft copolymer according to claim 1,
wherein the polysaccharide units consist of cellulose,
methylol cellulose, cellulose ester, cellulose ether, or
amylose.

3. A thermoplastic graft copolymer according to claim 2,
wherein the cellulose ester is acetyl cellulose,
nitrocellulose, propionyl cellulose, or butyryl cellulose.

4. A thermoplastic graft copolymer according to claim 2,
wherein the cellulose ether is methyl cellulose, ethyl
cellulose, hydroxyethyl cellulose, hydroxypropyl cellulose,
carboxymethyl cellulose, carboxyethylcellulose or benzyl
cellulose. '

5.° A thermoplastic graft copolymer according to claim 1,
‘Wwherein the content of the polysaccharide unit is 1 - 60% by
weight based on the total weight of the graft copolymer.

6. A thermoplastic graft copolymer according to claim 1,
wherein said viscosity is 0.5 - 5 (dl/qg).

7. A process for producing a thermoplastic graft copolymer
according to claim 1 comprising the step of homopolymerizing

carbq§%neth | cell ul ose, carbox) ethylceIIuIOSé or
i Eﬂﬁﬁh%lng to claimi,

wher ei n t heméABsaBEhaL idee o0 priyeaitthatd denunits,1 eadihayinegi ght based

27
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hydr oxyl group, carboxyl group, am no group and am do group with an anionic
pol yneri zati on catal yst. 8. A process for producing a thernoplastic graft
copol ymer according to claim?7, wherein the polysaccharide units consist of
cel | ul ose, nethyl cel | ul ose, cellul ose ester, cellulose ether or amyl ose.
9. A process f mu ,ﬂuﬂ"nﬂmumlarrmpl astic graft copol ynmer according to il
cl aim 8, mhereln s ac cellul ose, nitrocellul ose,
propi onyl ceIIquse or but Yryl cellul ose. A process for producing a

t hﬁr nopl ast i c:f@naéllcllenpaéy R th|%C @rﬁsafhdeo dﬁ Faid ,mmaﬁi:aﬁbsdéebkul ose
ether is neth ce ose,. e cellu o 0X ce 0

hydr oxypr opy ! P% J@{ﬁ?ﬁégtl@gr 5‘5’§§'ﬁeﬂ’fyl r%l’? %f':h%%m?ﬁ séf’llﬂﬁo?e
or benzyl celfunckiondl. giopposedecited ﬁm@du&hmggrdupwcunﬁrstlnggoﬁfthe
copol ymer ac 0 m h o] ed
T an or gani CEERBd OgEoRpT EarlBtid Broip, AR GEH Und ahfal HEHEE
copol yner acobkeh mant anipnim polymerdizatilon satediystpol yneri zat i on catal yst
is a guaternary ammoniumsalt. 13. A process for producing a thernoplastic
graft copol yner according to claim?7, wherein the anmount, of anionic ..
polynerlzatld%-car%19§?°G§§dfP§ prodysingz a thermoplastin gratti ceredymey
parts by wei Hécofaingmeodelsda. 7, wherein the polysaccharide units

consist of cellulose, methylol cellulose, cellulose ester,

cellulose ether or amylose.

9. A process for producing a thermoplastic graft copolymer =’/
according to elaim 8, wherein the cellulose ester is acetyl
cellulose, nitrocellulose, propionyl cellulose or butyryl
cellulose.

10. A process for producing a thermoplastic graft copolymer
according to claim 8, wherein the cellulose ether is methyl
cellulose, ethyl cellulose, hydroxyethyl cellulose,
hydroxypropyl cellulose, carboxymethyl cellulose,
carboxymethyl cellulose, or benzyl cellulose.

11. A process for producing a thermoplastic graft copolymer
according to claim 7, wherein the homopolymerization is
conducted in an organic medium.

12. A process for producing a thermoplastic graft copolymer
according to claim 7, wherein the anionic polymerization
catalyst is a quaternary ammonium salt.

13. A process for producing a thermoplastic graff copolymer
according to claim 7, wherein the amount of anionic
polymerization catalyst used is 0.0005 - 3 parts by weight
relative to 100 parts by weight of formaldehyde.



