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ABSTRACT

Disclosed are a resin composition comprising a polylactic
acid resin and a polyacetal resin, and such a resin compo
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sition in Which the polylactic acid resin and the polyacetal
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sition has good moldability, workability, mechanical prop
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erties, heat resistance and transparency, and may be Worked
into moldings, ?lms and ?bers for practical use.

resin are kept miscible With each other. The resin compo
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RESIN COMPOSITION AND MOLDED ARTICLE,
FILM, AND FIBER EACH COMPRISING THE
SAME
TECHNICAL FIELD

DISCLOSURE OF THE INVENTION

[0009] We, the present inventors have found that polylac
tic acid resin and polyacetal resin are Well miscible With

each other and a resin composition prepared by mixing the
tWo has good properties.

[0001] The present invention relates to a resin composition
Which comprises a polylactic acid resin and a polyacetal

[0010] Speci?cally, the invention provides:

resin and has good moldability, workability, mechanical
properties, heat resistance, transparency, etc.

[0011] A resin composition Which comprises from more
than 60 parts by Weight to 99 parts by Weight of a polylactic
acid resin and from 1 part by Weight to less than 40 parts by
Weight of a polyacetal resin relative to 100 parts by Weight
of the total of the polylactic acid resin and the polyacetal

BACKGROUND ART

[0002] As having a high melting point and moldable in
melt, polylactic acid is expected to be a practicable good

biodegradable polymer. HoWever, since its crystalliZation
rate is loW, using polylactic acid for crystalliZed moldings is
limited. For example, When injection-molded, polylactic
acid requires a long molding cycle time or heat treatment

after molding, and, in addition, its deformation in molding
and heat treatment is great. These are serious problems in

practical use of polylactic acid.

[0003] Polyacetal resin is good as its mechanical proper
ties and moldability are Well balanced, and it is Widely used

for injection moldings. HoWever, since its crystalliZation
rate is high, the resin could not be Well formed into ?lms and
?bers and its use is also limited.

[0004]

Mixing tWo or more different polymers is Widely

res1n;

[0012] A resin composition Which comprises from 40 to
60 parts by Weight of a polylactic acid resin and from 40 to
60 parts by Weight of a polyacetal resin relative to 100 parts
by Weight of the total of the polylactic acid resin and the
polyacetal resin and of Which the formaldehyde content is
smaller than 500 ppm relative to the polyacetal resin;

[0013] A resin composition Which comprises from 1 part
by Weight to less than 40 parts by Weight of a polylactic acid
resin and more than 60 parts by Weight to 99 parts by Weight
of a polyacetal resin relative to 100 parts by Weight of the
total of the polylactic acid resin and the polyacetal resin;
[0014] A resin composition comprising a polylactic acid
resin, a polyacetal resin and a crystalliZation promoter;

known for polymer blends or polymer alloys, and is Widely

[0015] A resin composition comprising a polylactic acid

utiliZed for overcoming the draWbacks of the individual

resin, a polyacetal resin and any other thermoplastic resin;

polymers. HoWever, When tWo polymers are mixed, they

[0016] A resin composition comprising a polylactic acid,

form separate phases in most cases, and therefore the
properties of the polymer mixtures are not good.

[0005] Though rarely, on the other hand, tWo polymers
may form a uniform amorphous phase. Those of the type are

generally said miscible or compatible With each other, and
their mixtures are expected to have good properties. HoW
ever, there are only a feW examples of such polymers.

[0006] Regarding polymer that is miscible With (mutually

a polyacetal resin and a reinforcement;

[0017] A resin composition comprising a polylactic acid
resin, a polyacetal resin, and at least one selected from a
stabiliZer and a mold release agent;

[0018] A resin composition comprising a polylactic acid
resin, a polyacetal resin and a carboxyl group-reactive
end-capping agent that are kneaded in melt;

feW examples such as polyethylene glycol (e.g., Polymer 37

[0019] And moldings, ?lms and ?bers of any of the
above-mentioned resin compositions.

(26), 5849-5857 (1996)) and polymethyl methacrylate (e.g.,
Polymer 39(26), 6891-6897(1998)). Regarding polymer that

BRIEF DESCRIPTION OF THE DRAWINGS

make miscible With) polylactic acid, there are knoWn only a

is miscible With polyacetal, there are knoWn only a feW

examples such as polyvinylphenol (e.g., Polymer 33 (4),
760-766 (1992)).
[0007] J P-A 5-43772 discloses a resin composition pre
pared by adding an aliphatic polyester and a minute amount

[0020] FIG. 1 is a copy of the photographs of various
?lms formed in Example 1.

[0021] FIG. 2 is a conceptual vieW shoWing a test piece
set on a tool for measuring the cracking time in Example 12.

of formaldehyde to polyacetal for the purpose of making

[0022]

polyacetal biodegradable, concretely disclosing use of poly

folloWing.

lactic acid as one example of the aliphatic polyester, but does

not disclose the miscibility of polylactic acid and polyacetal.
The principal object of the invention described in the patent
publication is especially to make polyacetal resin biodegrad
able in a composition that contains a relatively large quantity
of polyacetal resin. Therefore, When it is going to obtain the
composition that employ the characteristic of a polyacetal
resin for ordinary use, its durability is not good and it is not

[0023]

In the draWing, the reference numerals indicate the

1: Test Piece, 2: Tool.
BEST MODES OF CARRYING OUT THE
INVENTION

[0024]

The invention is described in detail hereinunder.

resin composition having good moldability, Workability,

[0025] The polylactic acid resin for use in the invention is
a polymer of Which the essential constitutive component is
L-lactic acid and/or D-lactic acid, but it may contain any
other copolymeriZing component than lactic acid. For the
other monomer units, mentioned are glycol compounds such

mechanical properties, heat resistance and transparency.

as ethylene glycol, propylene glycol, butanediol, hep

practicable.
[0008] An object of the present invention is to provide a
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tanediol, hexanediol, octanediol, nonanediol, decanediol,

1,4-cyclohexanedimethanol, neopentyl glycol, glycerin,
pentaerythritol, bisphenol A, polyethylene glycol, polypro
pylene glycol and polytetramethylene glycol; dicarboxylic
acids such as oxalic acid, adipic acid, sebacic acid, aZelaic

acid, dodecadionic acid, malonicacid, glutaric acid, cyclo
hexanedicarboxylic acid, terephthalic acid, isophthalic acid,
phthalic acid, naphthalenedicarboxylic acid, bis(p-carbox
yphenyl)methane, anthracenedicarboxylic acid, 4,4‘-diphe
nylether-dicarboxylic acid, 5-sodium sulfoisophthalic acid,
5-tetrabutylphosphonium isophthalic acid; hydroxycarboxy

material of formaldehyde or trioxane, or a polyacetal

copolymer consisting essentially of oxymethylene units and
containing at most 15% by Weight of oxyalkylene units With
from 2 to 8 neighboring carbon atoms in the backbone chain,
or a copolymer containing any other constitutive units such
as a block copolymer, a terpolymer or a crosslinked polymer.
One or more of these may be used herein.

[0032] Above all, a polyacetal copolymer is preferred.
More preferred is a polyacetal copolymer that contains at

most 2% by Weight of oxyalkylene units With 2 neighboring

acid, hydroxybenZoic acid; and lactones such as caprolac

carbon atoms in the backbone chain, or a polyacetal copoly
mer that contains at most 5% by Weight of oxyalkylene units
With 4 neighboring carbon atoms in the backbone chain; and

tone, valerolactone, propiolactone, undecalactone, 1,5-ox
epan-2-one.

even more preferred are a polyacetal copolymer that con

tains from 0.2 to 1.4% by Weight of oxyalkylene units With

[0026] For obtaining a resin composition having espe
cially good heat resistance andmiscibility in the invention, it
is desirable that the optical purity of the lactic acid compo

polyacetal copolymer that contains from 0.5 to 3% by
Weight of oxyalkylene units With 4 neighboring carbon

lic acids such as glycolic acid, hydroxypropionic acid,

hydroxybutyric acid, hydroxyvaleric acid, hydroxycaproic

nent of the polylactic acid resin is as high as possible.
Preferably, L-isomer lactic acid accounts for at least 80% or
D-isomer lactic acid account for at least 80% of the overall
lactic acid component of the polylactic acid resin; more
preferably, L-isomer lactic acid accounts for at least 90% or
D-isomer lactic acid account for at least 90% thereof; even
more preferably, L-isomer lactic acid accounts for at least
95% or D-isomer lactic acid account for at least 80%

thereof; still more preferably L-isomer lactic acid accounts
for at least 98% or D-isomer lactic acid account for at least
98% thereof. The uppermost limit of the L-isomer or D-iso
mer lactic acid content is generally at most 100%.

[0027]

In case Where a polylactic acid resin that contains

both a poly-L-lactic acid resin consisting essentially of

L-lactic

acidunitsandapoly-D-lacticacidresinconsistinges

sentially of D-lactic acid units is used, it gives a composition

having especially excellent heat resistance and moldability.
The optical purity of the poly-L-lactic acid resin consisting
essentially of L-lactic acid units, as Well as that of the

poly-D-lactic acid resin consisting essentially of D-lactic
acid units preferably falls Within the above-mentioned

2 neighboring carbon atoms in the backbone chain, or a

atoms in the main chain.

[0033] Not speci?cally de?ned, the polyacetal resin for
use in the invention may be produced in any knoWn method.

One typical example of producing a polyacetal homopoly
mer comprises polymeriZing a high-purity formaldehyde in
an organic solvent that contains a basic polymeriZation
catalyst such as an organic amine, an organic or inorganic tin
compound or a metal hydroxide, then taking out the result

ing polymer through ?ltration, and acetylating the polymer
terminals under heat in acetic anhydride in the presence of
sodium acetate.

[0034] One typical example of producing a polyacetal
copolymer comprises introducing a high-purity trioxane and
a copolymeriZing component such as ethylene oxide or

1,3-dioxolane into an organic solvent such as cyclohexane,

then subjecting them into cationic polymeriZation in the
presence of a LeWis acid catalyst such as boron tri?uoride

diethyl ether complex, and thereafter inactivating the cata
lyst and stabiliZing the terminal group of the resulting
copolymer; or introducing trioxane, the copolymeriZing
component and the catalyst in a self-cleaning stirrer With no

range.

solvent therein, subjecting them into bulk polymeriZation,
and thereafter decomposing and removing the unstable

[0028] For producing the polylactic acid resin, employable

terminals.

is any knoWn polymeriZation method. For example, the resin
may be produced through direct polycondensation of lactic
acid or through ring opening polymeriZation of lactide.

[0035] The polymer viscosity is not speci?cally de?ned so

[0029] The molecular Weight and the molecular Weight
distribution of the polylactic acid resin are not speci?cally
de?ned so far as the resin enables substantial molding. In

general, the Weight-average molecular Weight of the resin is
at least 10,000, but preferably at least 40,000, more prefer

ably at least 80,000. The Weight-average molecular Weight
as referred to herein means a molecular Weight of polymer

measured through gel permeation chromatography in terms

far as the polymer is usable as a molding material. Prefer

ably, hoWever, the melt ?oW rate (MFR) of the polymer is
measurable according to ASTM D1238, and MFR of the
polymer thus measured preferably falls betWeen 1.0 and 50
g/10 min, more preferably betWeen 1.5 and 35 g/10 min.

[0036]

Preferably, the polyacetal resin for use in the inven

tion contains at least one of 2,2‘-methylenebis(4-methyl-6

t-butylphenol), calcium ricinoleate, cyanoguanadine, hex

amethylene

bis(3,5-t-butyl-4-hydroxyhydrocianamate),

of a standard Of polymethyl methacrylate (PMMA).

melamine-formaldehyde resin, nylon 6/66, nylon 66/610/6,
nylon 612/6, tetrakis[methylene(3,5-di-t-butyl-4-hydroxy

[0030] The melting point of the polylactic acid resin is not
also speci?cally de?ned, but is preferably not loWer than

butyl-4-hydroxyphenyl)propionate], and triethylene glycol

120° C., more preferably not loWer than 150° C.

[3-(3,5-di-t-butyl-5-methyl-4-hydroxyphenyl)propionate].

[0031]

The polyacetal resin for use in the invention is a

hydrocianamate) ]methane, 1,6-hexanediol bis[3-(3,5-di-t
[0037] In the resin composition of the invention, the

polymer having oxymethylene units as the essential repeti

polylactic acid resin and the polyacetal resin are miscible

tive units. It may be any of a polyacetal homopolymer to be

With each other, therefore having peculiar characteristics not

obtained through polymeriZation of an essential starting

seen in ordinary immiscible compositions, as so mentioned
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hereinunder. Accordingly, the composition has excellent
moldability, workability, mechanical properties, heat resis
tance, transparency, etc. Depending on the blend ratio of the

polylactic acid and the polyacetal resin therein, the proper
ties of the resin composition speci?cally vary. Concretely, a
resin composition that comprises from more than 60 parts by
Weight to 99 parts by Weight of a polylactic acid resin and
from 1 part by Weight to less than 40 parts by Weight of a
polyacetal resin relative to 100 parts by Weight of the total
of the polylactic acid resin and the polyacetal resin; espe
cially a resin composition that comprises from 65 parts by
Weight to 99 parts by Weight of a polylactic acid resin and
from 1 part by Weight to 35 parts by Weight of a polyacetal
resin is useful for improving the properties of polylactic acid
resin, and the composition of the type of the invention is
especially effective for improving the moldability and the
heat resistance of the resin. Having the properties charac
teristic of polylactic acid, the resin composition of the type
may be biodegradable.
[0038] A resin composition that comprises from 40 to 60
parts by Weight of a polylactic acid resin and from 40 to 60
parts by Weight of a polyacetal resin relative to 100 parts by
Weight of the total of the polylactic acid resin and the
polyacetal resin is good as the properties of the polylactic
acid resin and the polyacetal resin therein are Well balanced.

[0039] A resin composition that comprises from 1 part by
Weight to less than 40 parts by Weight of a polylactic acid
resin and more than 60 parts by Weight to 99 parts by Weight
of a polyacetal resin relative to 100 parts by Weight of the
total of the polylactic acid resin and the polyacetal resin may
improve the properties of the polyacetal resin and is espe
cially effective for improving the Workability and the
mechanical properties of the resin.

[0040] In case Where polyacetal resin is used, especially
When the amount thereof is at least 40 parts by Weight, it is
desirable that formaldehyde Which may have some signi?
cant in?uence on the properties of the composition itself, for

eXample, promoting the decomposition of polyacetal to
detract from the durability of the composition, is not added

to the composition. Even though formaldehyde in polyacetal
resin itself is taken into consideration, it is desirable that the
formaldehyde content of the resin composition is at most
smaller than 500 ppm relative to the polyacetal resin, more
preferably smaller than 250 ppm, even more preferably
smaller than 100 ppm. To attain the formaldehyde content as

above, the polyacetal resin to be used shall be stabiliZed in
a method of acetylating the polymer terminals after poly
meriZation to give the polyacetal homopolymer or in a

method of decomposing and removing the unstable termi
nals after the polymeriZation to give the polyacetal copoly
mer, as so mentioned hereinabove. The formaldehyde con

tent of the resin composition may be determined by grinding
the resin composition, stirring the resulting poWder in Water
at 50° C. for 6 hours to eXtract formaldehyde, and measuring
its amount according to an acetylacetone method. Alterna
tively, it may also be determined according to an MBTH

(3-methyl-2-benZothiaZolinonehydraZone) method.
[0041] The resin composition of the invention is charac
teriZed in that the polylactic acid resin and the polyacetal
resin therein are miscible With each other. The “miscibility”
as referred to herein is for describing a polymer miXture that
forms a uniform phase in an amorphous phase on a molecu

lar level. In case Where one or both components of a

composition form both a crystalline phase and an amorphous
phase, the miscibility of the composition means that the
amorphous phase forms a molecular level mixture.

[0042] The miscibility of a composition may be judged in
some methods.

[0043] The most popular method for judging the misci
bility of a composition is based on the glass transition

temperature of the composition. The glass transition tem
perature of a miscible composition differs from that of the
individual components, and in many cases, a miscible com

position has a single glass transition temperature. For the
composition of a polylactic acid resin and a polyacetal resin,
the method is employable. The glass transition temperature
of the resin composition of the invention is loWer than that
of the polylactic acid resin alone. For measuring the glass
transition temperature, employable is any of a method of

measuring it With a differential scanning calorimeter (DSC),
or a method of measuring it in a dynamic viscoelastometry
test.

[0044] HoWever, since polyacetal resin is highly crystal
line, a composition that contains a large amount of polyac
etal resin is problematic in that its glass transition tempera
ture may be unclear. In this case, the crystalliZation
temperature of polyacetal resin may be a criterion for the

miscibility of the composition. In case Where polyacetal
resin has formed a miscible composition along With a resin

of Which the crystalliZation rate is loWer than that of the

polyacetal resin itself, the crystalliZation rate of the polyac
etal resin in the resulting composition loWers than that of the
polyacetal resin alone. The crystalliZation rate depression
may be con?rmed in the crystalliZation temperature pro?le
in cooling in DSC.

[0045] For eXample, Polymer 38 (25), 6135-6143 (1997)
reports that a blend of poly(3-hydroXybutyrate), a type of

aliphatic polyester, and polymethylene oXide (polyacetal) is
immiscible. It shoWs that, in this case, the crystalliZation

temperature of polyacetal in the composition measured With
DSC in cooling does not almost differ from the crystalliZa
tion temperature of polyacetal alone. On the other hand,

Polymer 33 (4), 760-766 (1992) reports that polyacetal and
polyvinylphenol are miscible With each other. It shoWs that,

in this case, the crystalliZation temperature of polyacetal in
the composition in cooling is loWer than the crystalliZation
temperature of polyacetal alone.

[0046] In the invention, the crystalliZation temperature of
the polyacetal resin in the resin composition in cooling is
loWer than the crystalliZation temperature of the polyacetal
resin alone. The preferred crystalliZation temperature
depression varies, depending on the composition. The crys
talliZation temperature depression becomes larger When the
optical purity of the polylactic acid resin in the composition
is higher.
[0047] In case Where the resin composition comprises
from more than 60 parts by Weight to 99 parts by Weight of
a polylactic acid resin and from 1 part by Weight to less than
40 parts by Weight of a polyacetal resin relative to 100 parts
by Weight of the total of the polylactic acid resin and the
polyacetal resin, it is desirable that the crystalliZation tem
perature depression is at least 5° C. measured through DSC
at a cooling rate of 20° C./min, more preferably at least 7°
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C. When the resin composition comprises from 40 to 60
parts by Weight of a polylactic acid resin and from 40 to 60
parts by Weight of a polyacetal resin relative to 100 parts by
Weight of the total of the polylactic acid resin and the
polyacetal resin, it is desirable that the crystallization tem
perature depression is at least 2° C., more preferably at least

4° C. When the resin composition comprises from 1 part by
Weight to less than 40 parts by Weight of a polylactic acid
resin and from more than 60 parts by Weight to 99 parts by
Weight of a polyacetal resin relative to 100 parts by Weight
of the total of the polylactic acid resin and the polyacetal
resin, it is desirable that the crystalliZation temperature
depression is at least 0.2° C., more preferably at least 0.5°
C.

[0048]

Films formed of a miscible composition are opti

cally transparent, but those formed of an immiscible com
position are generally opaque. This method may also be

employed for an index of miscibility. HoWever, When the
tWo components are both crystalline resins, as in the com

position of polylactic acid resin and polyacetal resin, the
?lms may be opaque oWing to the crystalliZation of any one
of them. Therefore, all opaque ?lms do not alWays indicate
that the compositions are immiscible. In the invention,
hoWever, When the polylactic acid content of the resin

composition is relatively large, the optical transparency of
the ?lms of the composition Will be effective for judging the

miscibility of the composition.
[0049] For example, in a region of the resin composition
of the invention Where the polylactic acid content is large,
especially Where it is more than 60 parts by Weight, sub
stantially transparent ?lms having a thickness of 100 pm,
through Which the opposite scene can be clearly seen, can be

formed of the resin composition by rapidly cooling it from
its molten condition to 0° C., and in addition, ?lms having
a thickness of 100 pm, and having a light transmittance of
from 95% to 100% and a haZe of from 0% to 10% can also

be formed of it. Even in a region of the resin composition

Where the polylactic acid content is small, concretely Where
it is at most 60% parts by Weight, ?lms having a thickness
of 100 pm, and having a light transmittance of from 90% to
100% and a haZe of from 0% to 50% can also be formed of

the composition. If the resin composition having such a loW
polylactic acid content is rapidly cooled to a further loWer

temperature, substantially transparent ?lms may also be
formed of it.

[0050] The substantially transparent ?lms thus obtained
are characteriZed in that they are stiff and are Well post

Workable for stretching, since the miscible polymer amount
therein is large. The same shall apply also to ?bers and other

moldings.
[0051] In the invention, it is desirable that the composition
contains a crystalliZation promoter. The resin composition
that comprises a polylactic acid resin, a polyacetal resin and
a crystalliZation promoter has good moldability to give
moldings of good heat resistance. In particular, the polylac
tic acid resin in the composition Well crystalliZes even in

ordinary injection-molding, and the composition gives
moldings of good heat resistance. When a plasticiZer is used
for the crystalliZation promoter, its bleeding out is often

problematic. In the invention, hoWever, the resin composi
tion and its moldings have good bleed-out resistance.
[0052] The crystalliZation promoter for use in the inven
tion may be selected from various types of compounds. For
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it, preferred are a nucleating agent that promotes the for
mation of polymer crystal nuclei, and a plasticiZer that acts

to soften polymer for promoting the polymer crystal groWth.
[0053] Preferably, the amount of the crystalliZation pro
moter to be in the invention is from 0.01 parts by Weight to

30 parts by Weight, more preferably from 0.05 parts by
Weight to 20 parts by Weight relative to 100 parts by Weight
of the total of the polylactic acid resin and the polyacetal
resin in the composition.

[0054] The nucleating agent to be used for the crystalli
Zation promoter in the invention is not speci?cally de?ned,
and any ordinary polymer nucleating agent may be used for
it. For example, any of inorganic nucleating agents and
organic nucleating agents are usable herein. Speci?c

examples of inorganic nucleating agents are talc, kaolinite,

montmorillonite, synthetic mica, clay, Zeolite, silica, graph
ite, carbon black, Zinc oxide, magnesium oxide, titanium
oxide, calcium sul?de, boron nitride, calcium carbonate,
barium sulfate, aluminium oxide, neodymium oxide, and
metal salts of phenyl phosphonate, etc. Preferably, these
inorganic nucleating agents are modi?edWith organic matter
for improving their dispersibility in the composition.

[0055] Speci?c examples of organic nucleating agents are
metal salts of organic carboxylic acids such as sodium

benZoate, potassium benZoate, lithium benZoate, calcium
benZoate, magnesium benZoate, barium benZoate, lithium

terephthalate, sodium terephthalate, potassium terephtha
late, calcium oxalate, sodium laurate, potassium laurate,
sodium myristate, potassium myristate, calcium myristate,
sodium octacosanoate, calcium octacosanoate, sodium stear

ate, potassium stearate, lithium stearate, calcium stearate,
magnesium stearate, barium stearate, sodium montanate,
calcium montanate, sodium toluate, sodium salicylate,

potassium salicylate, Zinc salicylate, aluminium dibenZoate,
potassium dibenZoate, lithium dibenZoate, sodium [3-naph
thalate, sodium cyclohexanecarboxylate; salts of organic
sulfonic acids such as sodium p-toluenesulfonate, sodium

sulfoisophthalate; carbonamides such as stearamide, ethyl
enebislauramide, palmitamide, hydroxystearamide, erucam
ide, trimesic tris(t-butylamide); polymers such as loW-den

sity
polyethylene,
high-density
polyethylene,
polypropylene, polyisopropylene, polybutene, poly-4-meth
ylpentene, poly-3-methylbutene-1, polyvinylcycloalkane,
polyvinyltrialkylsilane, high-melting-point polylactic acid;
sodium salts or potassium salts of carboxyl group-having
polymers (ionomers) such as sodium salt of ethylene-acrylic
acid or methacrylic acid copolymer, sodium salt of styrene
maleic anhydride copolymer; benZylidene sorbitol and its
derivatives; metal salts of phosphorus compounds such as

sodium-2,2‘-methylenebis(4,6-di-t-butylphenyl) phosphate;
and 2,2-methylbis(4,6-di-t-butylphenyl)sodium, etc.
[0056] Of the above-mentioned examples, at least one
selected from talc and metal salts of organic carboxylic acids
is preferred for the nucleating agent for use in the invention.
One or more such nucleating agents may be used in the
invention either singly or as combined.

[0057] The amount of the nucleating agent to be in the
resin composition is preferably from 0.01 to 30 parts by
Weight more preferably from 0.05 to 10 parts by Weight,
even more preferably from 0.1 to 5 parts by Weight relative

to 100 parts by Weight of the polylactic acid resin and the
polyacetal resin therein.
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[0058] Any Well known plasticizer may be used in the
invention. For example, herein usable are polyester-type

plasticizers, glycerin-type plasticizers, polycarboXylate-type
plasticizers, phosphate-type plasticizers, polyalkylene gly
col-type plasticizers and epoXy-type plasticizers.
[0059] Speci?c eXamples of polyester-type plasticizers are
polyesters that comprises an acid component such as adipic

acid, sebacic acid, terephthalic acid, isophthalic acid, naph
thalenedicarboXylic acid, diphenyldicarboXylic acid, and a
diol component such as propylene glycol, 1,3-butanediol,

1,4-butanediol, 1,6-heXanediol, ethylene glycol, diethylene
glycol; and polyesters of hydroXycarboXylic acids such as
polycaprolactone. These polyesters may be terminated With
a monofunctional carboXylic acid or a monofunctional alco

hol, or may be terminated With an epoXy compound, etc.

[0060] Speci?c examples of glycerin-type plasticizers are
glycerin monoacetomonolaurate, glycerin diacetomonolau
rate, glycerin monoacetomonostearate, glycerin diacetomo
nooleate, glycerin monoacetomonomontanate, etc.

[0061] Speci?c eXamples of polycarboXylic acid-type
plasticizers are phthalates such as dimethyl phthalate,

diethyl phthalate, dibutyl phthalate, dioctyl phthalate, dihep
tyl phthalate, dibenzyl phthalate, butylbenzyl phthalate; tri
mellitates such as tributyl trimellitate, trioctyl trimellitate,
triheXyl trimellitate; adipates such as diisodecyl adipate,
n-octyl-n-decyl adipate; citrates such as triethyl acetylci
trate, tributyl acetylcitrate; azelates such as di-2-ethylheXyl
azelate; sebacates such as dibutyl sebacate, di-2-ethylheXyl
sebacate, etc.

[0067] The amount of the plasticizer in the resin compo
sition is preferably from 0.01 to 30 parts by Weight, more
preferably from 0.1 to 20 parts by Weight, even more
preferably from 0.5 to 10 parts by Weight relative to 100
parts by Weight of the total of the polylactic acid resin and

the polyacetal resin in the composition.

[0068] In the invention, the nucleating agent and the
plasticizer may be used separately, but are preferably used

together.
[0069] Preferably, the resin composition of the invention
further contains an impact modi?er. The resin composition
that comprises a polylactic acid resin, a polyacetal resin and

an impact modi?er gives moldings of good impact strength,
moldability, mechanical properties and heat resistance.
[0070] The impact modi?er for use in the invention is not
speci?cally de?ned and may be any and every one generally

used for improving the impact resistance of ordinary ther
moplastic resins. For eXample, at least one selected from
various impact modi?ers mentioned beloW may be used
herein.

[0071] Speci?c examples of impact modi?ers are polyeth

ylene, polypropylene, ethylene-propylene copolymers, eth
ylene-propylene-non-conjugated diene copolymers, ethyl
ene-butene-l copolymers, various acrylic rubbers, ethylene
acrylic acid copolymers and their alkali metal salts

(ionomers), ethylene-glycidyl (rneth)acrylate copolymers,
ethylene-alkyl acrylate copolymers (e.g., ethylene-ethyl
acrylate copolymers, ethylene-butyl acrylate copolymers),
acid-modi?ed ethylene-propylene copolymers, diene rub

[0062] Speci?c examples of phosphate-type plasticizers

bers (e.g., polybutadiene, polyisoprene, polychloroprene),

are tributyl phosphate, tri-2-ethylheXyl phosphate, trioctyl

copolymers of dienes and vinyl monomers (e.g., styrene
butadiene random copolymers, styrene-butadiene block

phosphate, triphenyl phosphate, diphenyl-2-ethylheXyl
phosphate, tricresyl phosphate, etc.

[0063] Speci?c eXamples of polyalkylene glycol-type
plasticizers are polyalkylene glycols such as, polyethylene

glycol, polypropylene glycol, poly(ethylene oxide/propy
lene oxide) block and/or random copolymers, polytetram
ethylene glycol, bisphenol-ethylene oXide addition poly
mers, bisphenol-propylene oXide addition polymers,
bisphenol-tetrahydrofuran addition polymers, etc. and their
terminal-blocked compounds such as terminal epoXy-modi
?ed compounds, terminal ester-modi?ed compounds and
terminal ether-modi?ed compounds.

[0064] Epoxy-type plasticizers are generally epoXytriglyc
erides of alkyl epoXystearates With soybean oil. In addition
to these, also usable herein are other ordinary epoXy resins

copolymers, styrene-butadiene-styrene block copolymers,
styrene-isoprene random copolymers, styrene-isoprene
block copolymers, styrene-isoprene-styrene block copoly
mers, styrene-grafted polybutadiene copolymers, butadiene

acrylonitrile copolymers), polyisobutylene, copolymers of
isobutylene and butadiene or isoprene, natural rubbers,

Thiokol rubbers, polysul?de rubbers, polyurethane rubbers,
polyether rubbers, epichlorohydrin rubbers, etc.
[0072] In addition, other polymers having a different

degree of polymerization, polymers having various microst
tuctures such as those having a cis-structure or a trans

structure, polymers having a vinyl group or the like, and

core/shell-type multi-layered polymers Which are composed
of one core layer and one or more shell layers that cover it

mainly comprising bisphenol A and epichlorohydrin.

and in Which the neighboring layers are formed of different
types of polymers are also usable herein.

[0065] Speci?c eXamples of other plasticizers usable

[0073] Various examples of the (co)polymers mentioned

herein are benzoates With aliphatic polyols such as neopen

tylglycol dibenzoate, diethylene glycol dibenzoate, triethyl
ene glycol di-2-ethylbutyrate; fatty acid amides such as

stearamide; aliphatic carboXylates such as butyl oleate;

above may be any of random copolymers, block copolymers
and graft copolymers. Any of these are usable for the impact
modi?er in the invention.

esters of hydroXyacids such as methyl acetylricinoleate,

[0074] Further, in preparing the (co)polymers, they may

butyl acetylricinoleate; pentaerythritol, various sorbitols,

be copolymerized With any other monomers of, for eXample,

polyacrylates, silicone oil, paraf?ns, etc.

various ole?ns, dienes, aromatic vinyl compounds, acrylic
acid, acrylates and methacrylates.

[0066]

Of the above-mentioned examples, at least one

selected from the polyester-type plasticizers and the poly
alkylene glycol-type plasticizers is preferred for use in the
invention. One or more such plasticizers may be used in the
invention either singly or as combined.

[0075] Of those impact modi?ers, preferred are polymers
With acrylic units, and polymers With acid anhydride group
and/or glycidyl group-having units. Preferred examples of
acrylic units referred to herein are methyl methacrylate
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units, methyl acrylate units, ethyl acylate units and butyl
acrylate units; and preferred examples of acid anhydride
group-having units and glycidyl group-having units are
maleic anhydride units and glycidyl methacrylate units.
[0076] Also preferably, the impact modi?er is a core/shell
type multi-layered polymer Which is composed of a core
layer and one or more shell layers that cover it and in Which

the neighboring layers are formed of different types of
polymers, more preferably, such a multi-layered polymer in
Which the shell layer contains methyl methacrylate units or

methyl acrylate units. The multi-layered polymer of the type
preferably contains acrylic units or contains acid anhydride
group and/or glycidyl group-having units. Preferred

examples of acrylic units are methyl methacrylate units,

methyl acrylate units, ethyl acylate units and butyl acrylate
units; and preferred examples of acid anhydride group
having units and glycidyl group-having units are maleic

[0084]

For the acrylic resin for use in the invention,

especially preferred is polymethyl methacrylate Which is
formed of methyl methacrylate.
[0085] The amount of the acrylic resin to be in the resin
composition of the invention is not speci?cally de?ned. For

further improving the miscibility and the properties of the
resin composition, hoWever, the amount of the acrylic resin
in the composition is preferably from 0.5 parts by Weight to
49 parts by Weight, more preferably from 0.5 parts by Weight
to 40 parts by Weight relative to 100 parts by Weight of the
total of the polylactic acid resin, polyacetal resin and the
acrylic resin therein.

[0086] Additionally containing such an acrylic resin, the
resin composition of the invention has better moldability and

gives moldings of better Workability, mechanical properties
and heat resistance.

anhydride units and glycidyl methacrylate units. In particu

[0087]

lar, a multi-layered polymer that contains at least one

polymer or copolymer obtained through polycondensation

selected from methyl methacrylate units, methyl acrylate
units, maleic anhydride units and glycidyl methacrylate

of at least one selected from (a) a dicarboxylic acid or its

units in its shell layer and contains at least one selected from

butyl acrylate units, ethyl acrylate units, styrene units and
butadiene units in its core layer is preferred for use herein.

[0077] In vieW of the stability of polyacetal resin in the
resin composition, it is desirable that substantially no anion
is detected in the impact modi?er to be in the composition.

[0078] Also preferably, the glass transition temperature of
the impact modi?er is not higher than —20° C., more
preferably not higher than —30° C.

The polyester resin for use in the invention is a

ester-forming derivative, and a diol or its ester-forming
derivative, (b) a hydroxycarboxylic acid or its ester-forming
derivative, and (c) a lactone, and is a thermoplastic polyester
resin except polylactic acid resin.

[0088] The dicarboxylic acid or its ester-forming deriva
tive includes aromatic dicarboxylic acids such as tereph

thalic acid, isophthalic acid, phthalic acid, 2,6-naphthalene

dicarboxylic acid, 1,5-naphthalenedicarboxylic acid, bis(p
carboxyphenyl)methane, anthracenedicarboxylic acid, 4,4‘
diphenylether-dicarboxylic acid, 5-tetrabutylphosphonium
isophthalic acid, 5-sodium-sulfoisophthalic acid; aliphatic
dicarboxylic acids such as oxalic acid, succinic acid, adipic
acid, sebacic acid, aZelaic acid, dodecadionic acid, malonic

[0079] It is desirable that the amount of the impact modi
?er to be in the resin composition is from 0.5 parts by Weight
to 120 parts by Weight, more preferably from 1 part by

units such as 1,3-cyclohexanedicarboxylic acid, 1,4-cyclo

Weight to 60 parts by Weight relative to 100 parts by Weight

hexanedicarboxylic acid; and their ester-forming deriva

of the total of the polylactic acid resin and the polyacetal
resin in the composition.

tives.

[0080] Also preferably, the resin composition further con
tains at least one selected from acrylic resins, polyester

resins except polylactic acid, and polyamide resins in the
invention. Additionally containing the resin, the resin com

position gives moldings of better properties.
[0081]

For the acrylic resins for use in the invention,

preferred are those mainly comprising alkyl (meth) acrylate
units in Which the alkyl group has from 1 to 4 carbon atoms.

The alkyl (meth)acrylate in Which the alkyl group has from

acid, glutaric acid, dimer acids; alicyclic dicarboxylic acid

[0089] The diol or its ester-forming derivative includes
aliphatic glycols having from 2 to 20 carbon atoms, such as

ethylene glycol, propylene glycol, 1,4-butanediol, neopen
tylglycol, 1,5-pentanediol, 1,6-hexanediol, decamethylene
glycol, cyclohexanedimethanol, cyclohexanediol, dimer
diols; long-chain glycols having a molecular Weight of from.
200 to 100000, such as polyethylene glycol, poly-1,3-pro

pylene glycol, polytetramethylene glycol; aromatic. dioxy
compounds such as 4,4‘-dihydroxybiphenyl, hydroquinone,

t-butylhydroquinone, bisphenol A, bisphenol S, bisphenol F;
and their ester-forming derivatives.

1 to 4 carbon atoms may be copolymeriZed With any other

alkyl acrylate in Which the alkyl group has from 1 to 4

[0090] The hydroxycarboxylic acid includes glycolic acid,

carbon atoms or With an aromatic vinyl compound such as

styrene. In the acrylic resin, the essential component shall

hydroxypropionic acid, hydroxybutyric acid, hydroxyva
leric acid, hydroxycaproic acid, hydroxybenZoic acid, p-hy

account for more than 50 mol % of all the units constituting
the resin.

ester-forming derivatives, etc. The lactone includes capro

[0082] Examples of the alkyl (meth)acrylate in Which the

oxepan-2-one, etc.

alkyl group is de?ned as above are methyl acrylate, methyl

methacrylate, ethyl acrylate, ethyl methacrylate, butyl acry
late, butyl methacrylate, cyclohexyl acrylate and cyclohexyl
methacrylate.
[0083] Preferably, the acrylic resin for use in the invention
has a glass transition temperature of not loWer than 0° C.,
more preferably not loWer than 20° C.

droxybenZoic acid, 6-hydroxy-2-naphthoic acid, and their

lactone, valerolactone, propiolactone, undecalactone, 1,5
[0091] Speci?c examples of these polymers and copoly
mers are aromatic polyesters such as polybutylene tereph

thalate, polybutylene (terephthalate/isophthalate), polypro
pylene terephthalate, polypropylene (terephthalate/
isophthalate), polyethylene terephthalate, polyethylene
(terephthalate/isophthalate), bisphenol A (terephthalate/

isophthalate), polybutylene naphthalate, polybutylene
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(terephthalate/naphthalate), polypropylene naphthalate,
polyethylene naphthalate, polycyclohexanedirnethylene
terephthalate, polycyclohexanedirnethylene (terephthalate/

thalic acid or its ester-forrning derivative and butanediol or

its ester-forrning derivative. Concretely, the preferred poly
rners are polybutylene terephthalate, polybutylene tereph

isophthalate),
poly(cyclohexanedirnethylene/ethylene)
terephthalate,
poly(cyclohexanedirnethylene/ethylene)
(terephthalate/isophthalate), polybutylene (terephthalate/
isophthalate)/bisphenol A, polyethylene (terephthalate/

thalate/isophthalate, polyether-ester copolyrner of polybuty
lene terephthalate:polyethylene glycol, polyether-ester
copolyrner of polybutylene terephthalate:poly(tetrarnethyl

isophthalate)/bisphenol A; copolyrners prepared through

terephthalate/isophthalate:poly(tetrarnethylene oxide) gly

copolyrneriZation of polyethers or aliphatic polyesters With
aromatic polyesters, such as polybutylene (terephthalate/

col, and polybutylene (terephthalate/adipate). More prefer

succinate), polyethylene (terephthalate/succinate), polybu
tylene (terephthalate/adipate), polyethylene (terephthalate/
adipate), polyethylene (terephthalate/sulfoisophthalate/
adipate),
polybutylene
(terephthalate/sebatate),
polyethylene (terephthalate/sebatate), polyether-ester
copolyrner of polybutylene terephthalate:polyethylene gly
col, polyether-ester copolyrner of polyethylene terephtha
latezpolyethylene glycol, polybutylene terephthalatezpoly
(tetrarnethylene
oxide)glycol
block
copolyrner,

polybutylene terephthalate/isophthalate:poly(tetrarnethyl
eneoxide)glycol block copolyrner, polybutylene terephtha
late:poly(propylene oxide/ethylene oxide)glycol block
copolyrner, polybutylene terephthalate/isophthalate
:poly(propylene oxide/ethylene oxide)glycol block copoly
rner, polybutylene terephthalate:polybutylene adipate block

copolyrner, polybutylene terephthalate:poly-e-caprolactone
copolyrner; polyhydroxyalkanoates such as polyethylene

oxalate, polybutylene oxalate, polyneopentylglycol oxalate,
polyethylene succinate, polybutylene succinate, polybuty
lene adipate, polyethylene adipate, polybutylene (succinate/

adipate), polyethylene (succinate/adipate), polyhydroxybu
tyric acid, copolyrner of [3-hydroxybutyric acid and
[3-hydroxyvaleric acid; aliphatic polyesters such as polyca
prolactone; aliphatic polyester carbonates such as polybu

tylene succinatezcarbonate; liquid-crystalline polyesters, for

ene oxide)glycol, polyether-ester copolyrner of polybutylene
ably, the ratio of terephthalic acid or its ester-forrning
derivative to the total dicarboxylic acid in the polymer,

Which is prepared through polycondensation of mainly
terephthalic acid or its ester-forrning derivative and butane
diol or its ester-forrning derivative, is at least 50 rnol %,
more preferably at least 60 rnol %.

[0094] Preferred examples of the thermoplastic polyester
resin for use in the invention are polyester carbonates and

polyhydroxyalkanoates. Concretely, they are polybutylene
succinate carbonate, polyhydroxybutyric acid, and copoly
rner of [3-hydroxybutyric acid and [3-hydroxyvaleric acid.
One or more of these may be used herein either singly or as

cornbined.

[0095] The amount of the thermoplastic polyester resin to
be in the resin composition is preferably from 1 part by
Weight to 100 parts by weight, more preferably from 3 parts
by Weight to 70 parts by Weight, even more preferably from
5 parts by Weight to 50 parts by Weight relative to 100 parts
by Weight of the total of the polylactic acid resin and the
polyacetal resin in the composition.

[0096] Additionally containing such a thermoplastic poly
ester, the resin cornposition of the invention has better

rnoldability and gives rnoldings of better rnechanical prop
erties, heat resistance and chemical resistance.

example, copolyesters such as p-oxybenZoic acid/polyeth

[0097]

ylene terephthalate, p-oxybenZoic acid/6-oxy-2-naphthoic

thermoplastic polymer having an arnido bond and obtained

acid, etc.

from an amino acid, a lactarn or a diarnine and a dicarboxylic

[0092] Of those, preferred are polyrners prepared through
polycondensation essentially of an aromatic dicarboxylic
acid or its ester-forrning derivative and an aliphatic diol or

its ester-forrning derivative. Concretely, preferred examples
of such polymers are polybutylene terephthalate, polypro

pylene terephthalate, polyethylene terephthalate, poly(cy
clohexanedirnethylene/ethylene) terephthalate, polybuty
lene naphthalate, polybutylene terephthalate/isophthalate,

polyethylene terephthalate/isophthalate, polyether-ester
copolyrner of polybutylene terephthalate-polyethylene gly
col, polyether-ester copolyrner of polyethylene terephtha
latezpolyethylene glycol, polyether-ester copolyrner of poly
butylene terephthalate-poly(tetrarnethylene oxide)glycol,
polyether-ester copolyrner of polyethylene terephthalate
poly(tetrarnethylene oxide)glycol, polyether-ester copoly
rner of polybutylene terephthalate/isophthalate:poly(tetrarn

ethylene oxide) glycol, polybutylene (terephthalate/adipate),
and polyethylene (terephthalate/adipate). Preferably, the
ratio of the aromatic dicarboxylic acid or its ester-forrning
derivative to the total dicarboxylic acid in the polymer,

Which is prepared through polycondensation of mainly the

The polyarnide resin for use in the invention is a

acid.

[0098] The amino acid includes 6-arninocaproic acid,
11-arninoundecanoic acid, 12-arninododecanoic acid,
paraarninornethylbenZoic acid, etc.; the lactarn includes
e-caprolactarn, uu-laurolactarn, etc.
[0099] The diarnine includes tetrarnethylenediarnine, hex

arnethylenediarnine, undecarnethylenediarnine, dodecarn

ethylenediarnine, 2,2,4- trirnethylhexarnethylenediarnine,
2,4,4-trirnethylhexarnethylenediarnine, S-rnethylnonarneth
ylenediarnine, 2,4-dirnethyloctarnethylenediarnine, rnetaxy

lylenediarnine, paraxylylenediarnine, 1,3-bis(arninornethyl
)cyclohexane,
1-amino-3-arninornethyl-3,5,5
trirnethylcyclohexane, 3,8-bis(arninornethyl)tricyclodecane,
bis(4-arninocyclohexyl)rnethane, bis(3-rnethyl-4-arninocy
clohexyl)rnethane, 2,2-bis(4-arninocyclohexyl)propane,
bis(arninopropyl)piperaZine, arninoethylpiperaZine, etc.
[0100] The dicarboxylic acid includes adipic acid, suberic
acid, aZelaic acid, sebacic acid, dodecane-diacid, tereph
thalic acid, isophthalic acid, naphthalenedicarboxylic acid,
2-chloroterephthalic acid, 2-rnethylterephthalic acid, S-rne

aromatic dicarboxylic acid or its ester-forrning derivative
and the aliphatic diol or its ester-forrning derivative, is at
least 50 rnol %, more preferably at least 60 rnol %.

thylisophthalic acid, 5-sodiurn-sulfoisophthalic acid,
hexahydroterephthalic acid, hexahydroisophthalic acid, dig

[0093]

[0101]

Of the polymers, especially preferred are those that

are prepared through polycondensation of mainly tereph

lycolic acid, etc.
Preferred examples of the polyarnide for use in the

invention are polycaprarnide (nylon 6), polytetrarnethylene
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adipamide (nylon 46), polyhexamethylene-adipamide
(nylon 66), polyhexamethylene-sebacamide (nylon 610)
polyhexamethylene-dodecamide (nylon 612) polyundecam
ethylene-adipamide (nylon 116), polyundecanamide, (nylon
11), polydodecanamide (nylon 12), polytrimethylhexameth
ylene-terephthalamide, polyhexamethylene-isophthalamide
(nylon 61), polyhexamethylene-terephthal/isophthalamide
(nylon 6T/6I), polybis(4-aminocyclohexyl)methane-dode
camide (nylon PACM12), polybis(3-methyl-4-aminocyclo

hexyl)methane-dodecamide (nylondimethyl PACM12),
polymetaxylylene-adipamide (nylon MXD6), polyundeca
methylene-terephthalamide (nylon 11T), polyundecameth
ylene-hexahydroterephthalamide (nylon 11T(H)), and their
copolyamides and mixed polyamides. Of those, preferred
are nylon 6, nylon 66, nylon 11, nylon 12, nylon 610, nylon

glass ?bers, Wollastonite, aluminium borate Whiskers and
potassium titanate Whiskers. Also preferred is using organic
?brous reinforcements. For taking advantage of the biode
gradability of polylactic acid resin, more preferred are
natural ?bers and regenerated ?bers. Also preferably, the
?brous reinforcements have an aspect ratio of at least 5,
more preferably at least 10, even more preferably at least 20.
[0107] The reinforcement may be coated or bound With a
thermoplastic resin such as an ethylene/vinyl acetate copoly
mer or With a thermosetting resin such as an epoxy resin, or

may be processed With a coupling agent such as an ami
nosilane or an epoxysilane.

[0108]

The amount of the reinforcement to be in the resin

mides; and more preferred are nylon 6, nylon 11 and nylon

composition is preferably from 0.1 parts by Weight to 200
parts by Weight, more preferably from 0.5 parts by Weight to
100 parts by Weight relative to 100 parts by Weight of the

12.

total of the polylactic acid resin and the polyacetal resin in

[0102] In vieW of the thermal stability of the polylactic

the composition.
[0109] Also preferably, the resin composition of the inven

612, nylon 116, and their copolyamides and mixed polya

acid resin and the polyacetal resin for use herein, it is
desirable that the polyamide resin to be used along With
them has a melting point of from 90° C. to 240° C., more
preferably from 100° C. to 230° C.

[0103]

The amount of the polyamide resin to be in the

resin composition is preferably from 1 part by Weight to 100
parts by Weight, more preferably from 3 parts by Weight to
70 parts by Weight, even more preferably from 5 parts by
Weight to 50 parts by Weight relative to 100 parts by Weight
of the total of the polylactic acid resin and the polyacetal
resin in the composition.

[0104] Additionally containing such a polyamide resin,
the resin composition of the invention has better moldability
and gives moldings of better mechanical properties, heat
resistance, stiffness and abrasion resistance.

tion further contains a phyllosilicate in Which the exchange

able cations existing in the interlayers have been exchanged
With organic onium ions. In the invention, the phyllosilicate
in Which the exchangeable cations existing in the interlayers
have been exchanged With organic onium ions, as referred to

herein, is a clathrate compound that is prepared by exchang
ing the exchangeable cations in the interlayers of a phyllo
silicate that has such exchangeable cations in its interlayers,
With organic onium ions.

[0110] The phyllosilicate having exchangeable cations in
its interlayers has a laminate structure of tabular parts each
having a Width of from 0.05 to 0.5 pm and a thickness of

from 6 to 15 angstroms, and has exchangeable cations in the

interlayers of the tabular parts therein. Its cation-exchange
able capacity may be from 0.2 to 3 meq/g, but preferably

[0105] Preferably, the resin composition of the invention

from 0.8 t 1.5 meq/g.

further contains a reinforcement. Additionally containing a

[0111] Speci?c examples of the phyllosilicate are smectite

reinforcement, the composition gives moldings of much

clay minerals such as montmorillonite, beidellite, nontron

better mechanical properties and heat resistance.

ite, saponite, hectorite, sauconite; other various clay miner

[0106] Any and every type of reinforcement generally
used for reinforcing ordinary thermoplastic resin may be
used in the invention, including ?brous, tabular, granular

als such as vermiculite, halloysite, kanemite, kenyte, Zirco
nium phosphate, titanium phosphate; and sWelling micas
such as Li-type ?uorotaeniolite, Na-type ?uorotaeniolite,

and poWdery materials. Concretely, herein usable are inor
ganic ?brous reinforcements such as glass ?bers, asbestos

etc. These may be natural substances or synthetic sub

?bers, carbon ?bers, graphite ?bers, metallic ?bers, potas
sium titanate Whiskers, aluminium borate Whiskers, magne

sium-based Whiskers, silicon-based Whiskers, Wollastonite,

sepiolite, asbestos, slug ?bers, xonotlite, ellestadite, gypsum
?bers, silica ?bers, silica-alumina ?bers, Zirconia ?bers,
boron nitride ?bers, silicon nitride ?bers and boron ?bers;
organic ?brous reinforcements such as polyester ?bers,

nylon ?bers, acrylic ?bers, regenerated cellulose ?bers,
acetate ?bers, kenaf, ramie, cotton, jute, hemp, sisal, ?ax,
linen, silk, Manila hemp, sugar cane, Wood pulp, paper
Waste, Wool; tabular or granular reinforcements such as glass

?akes, non-sWelling mica; graphite, metal foil, ceramic
beads, talc, clay, mica sericite, Zeolite, bentonite, dolomite,
kaolin, silicic acid poWder, feldspar poWder, potassium
titanate, shirasu balloons, calcium carbonate, magnesium
carbonate, barium sulfate, calcium oxide, aluminium oxide,
titanium oxide, aluminium silicate, silicon oxide, gypsum,
novaculite, daWsonite, White clay, etc. Of those, preferred
are inorganic ?brous reinforcements, and more preferred are

Na-type tetrasilico?uoromica, Li-type tetrasilico?uoromica,
stances. Of those, preferred are smectite clay minerals such
as montmorillonite and hectorite, and sWelling synthetic
micas such as Na-type tetrasilico?uoromica and Li-type
?uorotaeniolite.

[0112] The organic onium ions include ammonium ions,
phosphonium ions, sulfonium ions, etc. Of those, preferred
are ammonium ions and phosphonium ions, and more pre
ferred are ammonium ions. The ammonium ions may be any

of primary ammoniums, secondary ammoniums, tertiary
ammoniums and quaternary ammoniums.

[0113] The primary ammonium ions include decylammo

nium, dodecylammonium, octadecylammonium, oleylam
monium, benZylammonium, etc.

[0114] The secondary ammonium ions include methyl
dodecylammonium, methyloctadecylammonium, etc.
[0115] The tertiary ammonium ions include dimethylde
cylammonium, dimethyloctadecylammonium, etc.
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[0116] The quaternary ammonium ions include benZyltri
alkylammonium ions such as benZyltrimethylammonium,

benZyltriethylammonium, benZyltributylammonium, ben

Zyldimethyldodecylammonium, benZyldimethyloctadecy
lammonium, benZalkonium; alkyltrimethylammonium ions
such as trimethyloctylammonium, trimethyldodecylammo

relative to 100 parts by Weight of the total of the polylactic
acid resin and the polyacetal resin therein.

[0124] Also preferably, the resin composition of the inven
tion further contains at least one selected from stabiliZer and

mold release agent, as giving moldings of better properties.

nium, trimethyloctadecylammonium; dimethyldialkylam

[0125] Any stabiliZer generally used for ordinary thermo

monium ions such as dimethyldioctylammonium dimethyl

plastic resin may be used in the invention. Concretely, it

didodecylammonium,

includes antioxidant, light stabiliZer, formaldehyde scaven

dimethyldioctadecylammonium;

trialkylmethylammonium ions such as trioctylmethylammo

ger, formic acid scavenger, etc. Preferred are antioxidant and

nium, tridecylmethylammonium; benZetonium ions having

light stabiliZer.

tWo benZene rings, etc.

[0126]

The antioxidant usable in the invention includes

hindered phenolic compounds, phosphite compounds, thio

[0117] Apart from these, further mentioned are other
ammonium ions derived from aniline, p-phenylenediamine,

ether compounds, etc.

ot-naphthylamine, p-aminodimethylaniline, benZidine, pyri

[0127] Examples of hindered phenolic compounds are

dine, piperidine, 6-aminocaproic acid, 11-aminoundecanoic
acid, 12-aminododecanoic acid, amino-terminated polyalky
lene glycol, etc.

[0118] Of those ammonium ions, preferred are trioctylm

ethylammonium, benZyldimethyldodecylammonium, ben
Zyldimethyloctadecylammonium, benZalkonium, etc. In
general, these ammonium ions are available as their mix
tures, and the names of the above-mentioned compounds are

those of typical compounds including a small amount of
their analogues. One or more of these may be used herein
either singly or as combined.

[0119] Those having a. reactive functional group or having
high affinity are preferred for use herein. Also preferred are
ammonium ions derived from 12-aminododecanoic acid,

amino-terminated polyalkylene glycol, etc.
[0120] The phyllosilicate for use in the invention, in Which
the exchangeable cations in the interlayers have been

exchanged With organic onium ions, may be prepared by
reacting a phyllosilicate having exchangeable cations in its
interlayers With organic onium ions in any knoWn method.

Concretely, for example, the method comprises ion-ex

n-octadecyl

3-(3‘,5‘-di-t-butyl-4‘-hydroxyphenyl)propi

onate, n-octadecyl 3-(3‘-methyl-5‘-t-butyl-4‘-hydroxyphe

nyl)propionate, n-tetradecyl 3-(3‘,5‘-di-t-butyl-4‘-hydrox
yphenyl)propionate, 1,6-hexanediol bis-[3-(3,5-di-t-butyl-4
hydroxyphenyl)propionate], 1,4-butanediol bis[3-(3,5-di-t
butyl-4-hydroxyphenyl)propionate], 2,2‘-methylenebis-(4
methyl-t-butylphenol), triethylene glycol bis-[3-(3-t-butyl
5-methyl-4-hydroxyphenyl)propionate], tetrakis[methylene
3-(3‘,5‘-di-t-butyl-4‘-hydroxyphenyl) propionate]methane,

3,9-bis[2-{3-(3-t-butyl-4-hydroxy-5-methylphenyl)propio
nyloxy}-1,1-dimethylethyl]-2,4,8,10-tetraoxaspiro(5,5)un

decane, N,N‘-bis-3-(3‘,5‘-di-t-butyl-4‘-hydroxyphenyl)-pro
pionylhexamethylenediamine, N,N‘-tetramethylene-bis-3

(3‘-methyl-5‘-t-butyl-4‘-hydroxyphenol)propionyldiamine,
N,N‘-bis[3-(3,5-di-t-butyl-4-hydroxyphenol)propionyl]-hy
draZine, N-salicyloyl-N‘-salicylidenehydraZine, 3-(N-salicy

loyl)amino-1,2,4-triaZole, N,N‘-bis[2-{3-(3,5-di-t-butyl-4
hydroxyphenyl)-propionyloxy}ethyl]oxamide,
etc.
Preferred are triethylene glycol bis-[3-(3-t-butyl-5-methyl

4-hydroxyphenyl)propionate] and tetrakis[methylene-3-(3‘,

5‘-di-t-butyl-4‘-hydroxyphenyl)-propionate]methane.
[0128] Phosphite compounds are preferably those having

change reaction in a polar solvent such as Water, methanol

at least one P—O bond bonding to an aromatic group. Their

or ethanol; orcmprises directly reacting a phyllosilicate With

speci?c examples are tris(2,4-di-t-butylphenyl)phosphite,

a liquid or molten ammonium salt.

[0121] In the invention, the amount of the organic oniums
ion in the phyllosilicate may generally fall betWeen 0.4 and
2.0 equivalents, but preferably betWeen 0.8 and 1.2 equiva
lents relative to the cation-exchangeable capacity of the
phyllosilicate, in vieW of the dispersibility of the phyllosili
cate, the thermal stability in melt, the depression of the vapor
and the odor generation in molding.

[0122] More preferably, the phyllosilicate is, in addition to
being processed With the above-mentioned organic onium
salt, further pre-treated With a coupling agent that has a
reactive functional group for further increasing the mechani
cal strength of the resin moldings of the invention. The

reactive functional group-having coupling agent includes

isocyanate compounds, organic silane compounds, organic
titanate compounds, organic borane compounds, epoxy
compounds, etc.

[0123] In the present invention, the amount of the phyl
losilicate With the interlayer exchangeable cations
exchanged With organic onium ions may be preferably from
0.1 to 40 parts by Weight, but preferably from 0.5 to 30 parts
by Weight, more preferably from 1 to 10 parts by Weight

tetrakis(2,4-di-t-butylphenyl-4,4‘-biphenylenephosphonite,
bis(2,4-di-t-butylphenyl)pentaerythritol diphosphite, bis(2,
6-di-t-butyl-4-methylphenyl)pentaerythritol diphosphite,
2,2-methylenebis(4,6-di-t-butylphenyl)octyl phosphite, 4,4‘
butylidene-bis(3-methyl-6-t-butylphenyl-di-tridecyl) phos
phite, 1,1,3-tris(2-methyl-4-ditridecylphosphite-5-t-butyl
phenyl)

butane,

tris

(mixedmono

and

di-nonylphenyl)phosphite, tris(nonylphenyl) phosphite,

4,4‘-isopropylidenebis(phenyl-dialkyl phosphite), etc. Pre
ferred are tris(2,4-di-t-butylphenyl)phosphite, 2,2-methyl

enebis(4,6-di-t-butylphenyl)octyl phosphite, bis(2,6-di-t-bu
tyl-4-methylphenyl)pentaerythritol diphosphite, tetrakis
(2,4-di-t-butylphenyl) -4,4‘-biphenylene phosphonite, etc.
[0129] Speci?c examples of thioether compounds are

dilauroylthio dipropionate, ditridecylthio dipropionate,
dimyristylthio dipropionate, distearylthio dipropionate, pen

taerythritol tetrakis(3-laurylthio propionate), pentaerythritol
tetrakis(3-dodecylthio propionate), pentaerythritol tet

rakis(3-octadecylthio propionate), pentaerythritol tetrakis(3
myristylthio propionate), pentaerythritol tetrakis(3
stearylthio propionate), etc.
[0130]

The light stabiliZer for use in the invention includes

benZophenone compounds, benZotriaZole compounds, aro
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matic benZoate compounds, oxalic acid anilide compounds,
cyanoacrylate compounds, hindered amine compounds, etc.

[0131] Speci?c examples of benZophenone compounds
are benZophenone, 2,4-dihydrobenZophenone, 2,2‘,4,4‘-tet

tetramethylpiperidine,

butanetetracarboxylic
piperidinol
and

condensate

of

1,2,3,4

acid,
1 ,2,2,6,6-pentamethyl-4
[3,[3,[3‘,[3‘-tetramethyl-3,9-[2,4,8,10

tetroxaspiro(5,5)-undecane]diethanol, etc.

rahydroxybenZophenone, 2-hydroxy-4-methoxybenZophe

[0137]

none, 2,2‘-dihydroxy-4,4‘-dimethoxybenZophenone, 2,2‘-di

tion includes formaldehyde-reactive nitrogen-containing
polymers and compounds, amino-substituted formaldehyde
reactive nitrogen atom-containing compounds, etc.

hydroxybenZophenone, 2-hydroxy-4-octoxybenZophenone,
2-hydroxy-4-dodecyloxybenZophenone, 2-hydroxy-4-meth
oxy-S-sulfobenzophenone, 5-chloro-2-hydroxybenZophe
none, 2,2‘-dihydroxy-4,4‘-dimethoxy-5-sulfobenZophenone,

2-hydroxy-4-methoxy-2‘-carboxybenZophenone,

2-hy

droxy-4-(2-hydroxy-3-methyl-acryloxyisopropoxyben
Zophenone), etc.

[0132] Speci?c examples of benZotriaZole compounds are

2-(2‘-hydroxy-5‘-methylphenyl)benZotriaZole,
2-(2-hy
droxy-3,5-di-tert-amylphenyl)-2H-benZotriaZole, 2-(2‘-hy
droxy-3‘,5‘-di-tert-butylphenyl)benZotriaZole,
2-(2‘-hy
droxy-3‘,5‘-di-tert-butyl-5‘-methylphenyl)benZotriaZole,
2-(2‘-hydroxy-3‘,5‘-di-tert-butylphenyl)-5-chlorobenZotriaZ
ole, 2-(2‘-hydroxy-3‘,5‘-di-tert-isoamylphenyl)benZotriaZ
ole, (2-hydroxy-5-tert-butylphenyl)benZotriaZole, 2-[2‘-hy

droxy-3‘,5‘-bis(ot,ot-dimethylbenZyl)phenyl]-benZotriaZole,
2-[2‘-hydroxy-3‘,5‘-bis-(ot,ot-dimethylbenZyl)phenyl]-2H
benZotriaZole, 2-(2‘-hydroxy-4‘-octoxyphenyl)benZotriaZ
ole, etc.

[0133] Speci?c examples of aromatic benZoate com
pounds are alkylphenyl salicylates such as p-t-butylphenyl

salicylate, p-octylphenyl salicylate, etc.
[0134] Speci?c examples of oxalic acid anilide com
pounds are 2-ethoxy-2‘-ethyloxalic acid bisanilide,

2-ethoxy-5-t-butyl-2‘-ethyloxalic acid bisanilide, 2-ethoxy
3‘-dodecyloxalic acid bisanilide, etc.

The formaldehyde scavenger for use in the inven

[0138] Speci?c examples of formaldehyde-reactive nitro
gen-containing polymers and compounds are polyamide
resins such as nylon 46, nylon 6, nylon 66, nylon 610, nylon
612, nylon 12 etc., andtheirpolymerssuchasnylon 6/6-6/6
10, nylon 6/6-12 etc. Acrylamide and its derivatives, and
copolymers of acrylamide and its derivatives With any other
vinyl monomers may be poly-[3-alanine copolymers that are

obtained through polymeriZation of acrylamide and its
derivatives With any other vinyl monomer in the presence of
a metal alcoholate.

[0139] Speci?c examples of amino-substituted formalde
hyde-reactive nitrogen atom-containing compounds are 2,4
diamino-sym-triaZine, 2,4,6-triamino-sym-triaZine, N-bu

tylmelamine, N-phenylmelamine, N,N-diphenylmelamine,
N,N-diallylmelamine, N,N‘,N“-triphenylmelamine, melem,
mellon, melam, benZoguanamine (2,4-diamino-6-phenyl
sym-triaZine), acetoguanamine (2,4-diamino-6-methyl-sym
triaZine), 2,4-diamino-6-butyl-sym-triaZine, 2,4-diamino-6
benZyloxy-sym-triaZine,
2,4-diamino-6-butoxy-sym
triaZine, 2,4-diamino-6-cyclohexyl-sym-triaZine, 2,4
diamino-6-chloro-sym-triaZine, 2,4-diamino-6-mercapto
sym-triaZine, 2,4-dioxy-6-amino-sym-triaZine, 2-oxy-4,6
diamino-sym-triaZine,
N,N,N‘,N‘
tetracyanoethylbenZobuanamine,
succinoguanamine,

ethyl 2-cyano-3,3‘-diphenylacrylate, 2-ethylhexyl 2-cyano

melamine, ethylenedimelamine, triguanamine, melamine
cyanurate, ethylenedimelamine cyanurate, triguanamine
cyanurate, ammeline, acetoguanamine, benZoguanamine,

3,3‘-diphenylacrylate, etc.

etc.

[0136] Speci?c examples of hindered amine compounds

[0140] The formic acid scavenger for use in the invention
may be any of the above-mentioned amino-substituted tri

[0135] Speci?c examples of cyanoacrylate compounds are

are 4-acetoxy-2,2,6,6-tetramethylpiperidine, 4-stearoyloxy

2,2,6,6-tetramethylpiperidine, 4-acryloyloxy-2,2,6,6-tet
ramethylpiperidine, 4-(phenylacetoxy)-2,2,6,6-tetrameth
ylpiperidine, 4-benZoyloxy-2,2,6,6-tetramethylpiperidine,
4-methoxy-2,2,6,6-tetramethylpiperidine, 4-stearyloxy-2
2,6,6-tetramethylpiperidine, 4-cyclohexyloxy-2,2,6,6-tet
ramethylpiperidine, 4-benZyloxy-2,2,6,6-tetramethylpiperi
dine, 4-phenoxy-2,2,6,6-tetramethylpiperidine, 4-(ethylcar

bamoyloxy)-2,2,6,6-tetramethylpiperidine,
4-(cyclohexylcarbamoyloxy)-2,2,6,6-tetramethylpiperidine,
4-(phenylcarbamoyloxy)-2,2,6,6-tetramethylpiperidine,
bis(2,2,6,6-tetramethyl-4-piperidyl) carbonate, bis(2,2,6,6
tetramethyl-4-piperidyl) oxalate, bis(2,2,6,6-tetramethyl-4
piperidyl) malonate, bis(2,2,6,6-tetramethyl-4-piperidyl)
sebacate, bis(2,2,6,6-tetramethyl-4-piperidyl) adipate, bis(2,
2,6,6-tetramethyl-4-piperidyl) terephthalate, 1,2-bis(2,2,6,6
tetramethyl-4-piperidyloxy)-ethane, ot,(x‘-bis(2,2,6,6-tet
ramethyl-4-piperidyloxy)-p-xylene, bis(2,2,6,6-tetramethyl
4-piperidyl
tolylene-2,4-dicarbamate,
bis(2,2,6,6
tetramethyl-4-piperidyl)-hexamethylene-1,6-dic arbamate,
tris(2,2,6,6-tetramethyl-4-piperidyl)-benZene 1,3,5-tricar
boxylate, tris(2,2,6,6-tetramethyl-4-piperidyl)benZene-1,3,
4-tricarb oxylate, 1-[2-{3-(3,5-di-t-butyl-4-hydroxyphenyl

)propionyloxy}-butyl]-4-[3-(3,5-di-t-butyl-4
hydroxyphenyl)propionyloxy]-2,2,6,6

aZines, polycondensates of the amino-substituted triaZines
With formaldehyde such as melamine-formaldehyde poly
condensate, etc. For it, also usable are alkali metal or

alkaline earth metal hydroxides, inorganic acid salts, car
boxylic acid salts and alkoxides etc. For example, they are

hydroxides, carbonates, phosphates, silicates, borates, car
boxylates With sodium, potassium, magnesium, calcium or
barium etc. The carboxylic acid is preferably a saturated or

unsaturated aliphatic carboxylic acid having from 10 to 36
carbon atoms. Preferably, the carboxylic acid is substituted
With a hydroxyl group. The aliphatic carboxylic acid

includes capric acid, undecylic acid, lauric acid, tridecylic

acid, myristic acid, pentadecylic acid, palmitic acid, hepta
decylic acid, stearic acid, nonadecanoic acid, arachic acid,
behenic acid, lignoceric acid, cerotic acid, heptacosanoic
acid, montanic acid, melissic acid, lacceric acid, undecylenic
acid, oleic acid, elaidic acid, cetoleic acid, erucic acid,
brassidic acid, sorbic acid, linolic acid, linolenic acid,
arachidonic acid, propiolic acid, stearolic acid, 12-hydroxy

dodecanoic acid, 3-hydroxydecanoic acid, 16-hydroxyhexa
decanoic acid, 10-hydroxyhexadecanoic acid, 12-hydroxy
octadecanoic acid, 10-hydroxy-8-octadecanoic acid,
dl-erythro-9,10-dihydroxyoctadecanoic acid, etc. Above all,
preferred are calcium salts of difatty acids in Which the fatty
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acid has from 12 to 22 carbon atoms. Their speci?c

examples are calcium dimyristate, calcium dipalmitate, cal
cium diheptadecylate, calcium distearate, calcium

acid esters, and polypropylene glycol fatty acid esters.
Modi?ed silicones include thylstyryl-modi?ed silicone,

(myristate-palmitate), calcium (myristate-stearate), calcium

polyether-modi?ed silicone, higher fatty acid alkoxy-modi
?ed silicone, higher fatty acid-containing silicone, higher

(palmitate-stearate), etc.

fatty acid ester-modi?ed silicone, methacrylic-modi?ed sili

[0141] In the invention, one or more of the above-men
tioned stabilizers may be used either singly or as combined.

[0142]

The amount of the stabiliZer is preferably from

0.01 parts by Weight to 3 parts by Weight, more preferably
from 0.03 parts by Weight to 2 parts by Weight relative to 100
parts by Weight of the total of the polylactic acid resin and
the polyacetal resin in the composition.
[0143]

Containing a polylactic acid resin, a polyacetal

resin and a stabiliZer, the resin composition of the invention
is superior to the individual resin mixed With a stabiliZer, as

its moldability is very good and it gives moldings of better
mechanical properties, heat resistance and Weather resis
tance.

[0144] The mold release agent for use in the invention
may be any and every one generally used for ordinary

thermoplastic resin. Concretely, it includes fatty acids, metal
salts of fatty acids, oxy-fatty acids, esters of fatty acids,
partially-saponi?ed esters of fatty acids, paraf?ns, loW
molecular polyole?ns, fatty acid amides, alkylenebis-fatty
acid amides, aliphatic ketones, loWer alcohol esters of fatty
acids, polyalcohol esters of fatty acids, polyglycol esters of
fatty acids, modi?ed silicones, etc.
[0145] Fatty acids are preferably those having from 6 to 40
carbon atoms. Concretely, they are oleic acid, lauric acid,

stearic acid, hydroxystearic acid, behenic acid, arachidonic
acid, linolic acid, linolenic acid, ricinoleic acid, palmitic
acid, stearic acid, montanic acid and their mixtures, etc.
Metal salts of fatty acids are preferably alkali metal or
alkaline earth metal salts of fatty acids having from 6 to 40
carbon atoms. Concretely, they are calcium stearate, sodium
montanate, calcium montanate, etc. oxy-fatty acids are 1,2

oxystearic acid, etc. Fatty acid esters include stearates,

cone, ?uorine-modi?ed silicone, etc.

[0146]

Of those mentioned above, preferred for use herein

are fatty acids metal salts of fatty acids, oxy-fatty acids, fatty
acid esters, partially-saponi?ed esters of fatty acids, paraf

?ns, loW-molecular polyole?ns, aliphatic amides, and alky
lenebis-fatty acid amides.

[0147] Above all, especially preferred are montanates,
partially-saponi?ed montanates, polyethylene Wax, oxidiZed
polyethylene Wax, sorbitan fatty acid esters, erucamide, and
ethylenebisstearamide. More preferred are montanates, par

tially-saponi?ed montanates, polyethylene Wax, erucamide
and ethylenebisstearamide.
[0148] In the invention, one or more of the above-men
tioned mold release agent may be used either singly or as

combined.

[0149] The amount of the mold release agent is preferably
from 0.01 parts by Weight to 3 parts by Weight, more

preferably from 0.03 parts by Weight to 2 parts by Weight
relative to 100 parts by Weight of the total of the polylactic
acid resin and the polyacetal resin.

[0150]

Containing a polylactic acid resin, a polyacetal

resin and a mold release agent, the resin composition of the
invention is superior to the individual resin mixed With a

lubricant, as its moldability is very good and it gives
moldings of better mechanical properties, heat resistance
and surface properties.

[0151] Also preferably, the resin composition of the inven
tion additionally contains a carboxyl group-reactive end
capping agent that is kneaded in melt therein, and it gives
moldings of better properties.

[0152] Not speci?cally de?ned, the carboxyl group-reac

oleates, linolates, linolenates, adipates, behenates, arachi

tive end-capping agent for use in the invention may be any

dates, montanates, isostearates, and esters of polymer acids.
Partially-saponi?ed esters of fatty acids are, for example,
partially-saponi?ed montanates, etc. Paraf?ns are preferably
those having at least 18 carbon atoms, including liquid

polymer and generally used as a capping agent of carboxyl
group for polymer. In the invention, the carboxyl group
reactive end-capping agent of the type acts not only to cap

paraf?n, natural paraf?n, microcrystalline Wax, petrolatum,
etc. LoW-molecular polyole?ns are preferably those having,
for example, a molecular Weight of at most 5000. Con

cretely, they are polyethylene Wax, maleic acid-modi?ed
polyethylene Wax, oxidiZed polyethylene Wax, chlorinated
polyethylene Wax, polypropylene Wax, etc. Fatty acid
amides are preferably those having at least 6 carbon atoms,

concretely including oleamide, erucamide, behenamide, etc.

compound capable of capping the carboxyl end group of

the end group of the polylactic acid resin but also to cap the
carboxyl group of acidic loW-molecular compounds such as
lactic acid and formic acid that are formed through pyrolysis

or hydrolysis of the polylactic acid resin and the polyacetal
resin. For the end-capping agent for use herein, preferred are

compounds capable of capping the hydroxyl end group to be
formed acidic loW-molecular compounds through pyrolysis.

Alkylenebis-fatty acid amides are preferably those having at

[0153] The carboxyl group-reactive end-capping agernt of

least 6 carbon atoms, concretely including methylenebi

the type is preferably at least one compound selected from
epoxy compounds, oxaZoline compounds, oxaZine com

sstearamide, ethylenebisstearamide, N,N-bis(2-hydroxyeth
yl)stearylamine, etc. Aliphaticketones are, for example,
higher aliphatic ketones. LoWer alcohol esters of fatty acids

pounds and carbodiimide compounds.

are preferably those having at least 6 carbon atoms, and

boxyl group-reactive end-capping agent are preferably gly
cidyl ether compounds, glycidyl ester compounds, glycidy
lamine compounds, glycidylimide compounds and alicyclic
epoxy compounds.

includes ethyl stearate butylstearate, ethyl behenate, rice
Wax, etc. Polyalcohol esters of fatty acids include glycerin

monostearate, pentaerythritol monostearate, pentaerythritol
tetrastearate, pentaerythritol adipate stearate, dipentaeryth
ritbl adipate stearate, sorbitan monobehenate, etc. Polygly
col esters of fatty acids include polyethylene glycol fatty

[0154]

The epoxy compounds usable herein for the car

[0155] Examples of the glycidyl ether compounds are

butyl glycidyl ether, stearyl glycidyl ether, allyl glycidyl
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oxaZine), 2,2‘-naphthylenebis(5,6-dihydro-4H-1,3-oxaZine),

bodiimide), etc. Above all, preferred are N, N‘-di-2,6-diiso

2,2‘-p,p‘-diphenylenebis(5,6-dihydro-4H-1,3-oxaZine), etc.
In addition, polyoxaZine compounds that contain monomer

propylphenylcarbodiimide,

units of any of the above-mentioned compounds are also
usable herein.

[0166]

[0163] Of the above-mentioned. oxaZoline compounds

agent for use herein.

and oxaZine compounds preferredare2,2‘-m-phenylenebis(2

oxaZoline) and 2,2‘-p-phenylenebis(2-oxaZoline).
[0164]

The carbodiimide compounds that are usable as the

carboxyl group-reactive end-capping agent in the invention
are compounds having at least one carbodiimido group of

(—N=C=N—) in the molecule, and they are produced, for

example, by heating organic isocyanates for decarboxylation
in the presence of a suitable catalyst.

[0165] Examples of the carbodiimide compounds are
mono or dicarbodiimide compounds such as diphenylcarbo

diimide, dicyclohexylcarbodiimide,di-2,6-dimethylphenyl
carbodiimide, diisopropylcarbodiimide, dioctyldecylcarbo
diimide, di-o-tolylcarbodiimide, di-p-tolylcarbodiimide,
di-p-nitrophenylcarbodiimide, di-p-aminophenylcrbodiim
ide, di-p-hydroxyphenylcarbodiimide, di-p-chlorophenyl
carbodiimide, di-o-chlorophenylcarbodiimide, di-3,4
dichlorophenylcarbodiimide,
di-2,5
dichlorophenylcarbodiimide,
p-phenylene-bis-o
toluylcabodiimide,
p-phenylene-bis
dicyclohexylcarbodiimide,
p-phenylene-bis-di-p
chlorophenylcarbodiimide,
2,6,2‘,6‘

tetraisopropyldiphenylcarbodiimide, hexamethylene-bis
cyclohexylcarbodiimide,
ethylene-bis
diphenylcarbodiimide,
ethylene-bis
dicyclohexylcarbodiimide, N,N‘-di-o-tolylcarbodiimide,
N,N‘-diphenylcarbodiimide, N,N‘-dioctyldecylcarbodiim
ide, N,N‘-di-2,6-dimethylphenylcarbodiimide, N-tolyl-N‘
cyclohexylcarbodiimide, N,N‘-di-2,6-diisopropylphenylcar
bodiimide, N,N‘-di-2,6-di-tert-butylphenylcarbodiimide,
N-tolyl-N‘-phenylcarbodiimide, N,N‘-di-p-nitrophenylcar
bodiimide, N,N‘-di-p-aminophenylcarbodiimide, N,N‘-di-p
hydroxyphenylcarbodiimide, N,N‘-dicyclohexylcarbodiim
ide,N,N‘-di-p-tolylcarbodiimide, N,N‘-benZylcarbodiimide,
N-octadeyl-N‘-phenylcarbodiimide, N-benZyl-N‘-phenylcar
bodiimide, N-octadecyl-N‘-tolylcarbodiimide, N-cyclo
hexyl-N‘-tolylcarbodiimide, N-phenyl-N‘-tolylcarbodiim
ide,
N-benZyl-N‘-tolylcarbodiimide,
N,N‘-di-o
ethylphenylcarbodiimide,
N,N‘-di-p
ethylphenylcarbodiimide,
N,N‘-di-o
isopropylphenylcarbodiimide,
N,N‘-di-p
isopropylphenylcarbodiimide,
N,N‘-di-o
isobutylphenylcarbodiimide,
N,N‘-di-p
isobutylphenylcarbodiimide,
N,N‘-di-2,6
diethylphenylcarbodiimide,
isopropylphenylcarbodiimide,
isopropylphenylcarbodiimide,
N,N‘-di-2,4,6
trimethylphenylcarbodiimide,
N,N‘-di-2,4,6
triisopropylphenylcarbodiimide,
N,N‘-di-2,4,6
triisobutylphenylcarbodiimide; polycarbodiimides such as

poly(l,6-hexamethylenecarbodiimide), poly(4,4‘-methyl
enebiscyclohexylcarbodiimide), poly(1,3-cyclohexylenecar
bodiimide), poly(1,4-cyclohexylenecarbodiimide), poly(4,
4‘-diphenylmethanecarbodiimide), poly(3,3‘-dimethyl-4,4‘
diphenylmethanecarbodiimide),
poly(naphthylenecarbodiimide), poly(p-phenylenecarbodi
imide), poly(m-phenylenecarbodiimide), poly(tolylcarbodi
imide), poly(diisopropylcarbodiimide), poly(methyl-diiso
propylphenylenecarbodiimide),
poly(triethylp
henylenecarbodiimide),
poly(triisopropylphenylenecar

and

2,6,2‘,6‘-tetraisopropyl

diphenylcarbodiimide.
One or more may be opptionally selected from the

above-mentioned, carboxyl group-reactive end-capping
[0167] In the resin composition of the invention, the
carboxyl end groups and the acidic loW-molecular com

pounds maybe suitably capped in accordance With the use of
the moldings of the composition. Concretely, the degree of
capping of the carboxyl end groups and the acidic loW
molecular compounds is preferably at most 10 equivalents/
106 kg, in terms of the acid concentration, more preferably
at most 5 equivalents/106 kg, even more preferably at most

1 equivalent/106 kg, invieWof thehydrolysis resistance of the
moldings. The acid concentration of the polymer composi
tion may be determined by dissolving the polymer compo
sition in a suitable solvent and titering the resulting solution
With a solution of an alkali compound such as sodium

hydroxide having a knoWn concentration, or may be deter

mined through NMR.

[0168] The amount of the carboxyl group-reactive end
capping agent to be in the resin composition of the invention
is preferably from 0.01 parts by Weight to 10 parts by
Weight, more preferably from 0.05 parts by Weight to 5 parts
by Weight relative to 100 parts by Weight of the total of the
polylactic acid resin and the polyacetal resin in the compo
sition.

[0169] Also preferably, the resin composition of the inven
tion additionally contains a reaction catalyst for the carboxyl
group-reactive end-capping agent therein. The reaction cata
lyst as referred to herein is a compound having the ability to

promote the reaction betWeen the carboxyl group-reactive
end-capping agent and the carboxyl group at the polymer
end or in the acidic loW-molecular compounds, and is

preferably a compound that is effective in promoting the
reaction even When a small amount of it is added to the

composition. Examples of the compound are alkali metal

compounds, alkaline earth metal compounds, tertiary amine
compounds, imidaZole compounds, quaternary ammonium

salts, phosphine compounds, phosphonium salts, phos
phates, organic acids and LeWis acids. Their speci?c
examples are alkali metal compounds such as sodium

hydroxide, potassium hydroxide, lithium hydroxide, cesium
hydroxide, sodium hydrogencarbonate, potassium hydro
gencarbonate, sodium carbonate, potassium carbonate,
lithium carbonate, sodium acetate, potassium acetate,
lithium acetate, sodium stearate, potassium stearate, lithium

stearate, sodiumborohydride, lithiumborohydride, sodi
umphenylboronate, sodium benZoate, potassium benZoate,
lithium benZoate, disodium hydrogenphosphate, dipotas
sium hydrogenphosphate, dilithium hydrogenphosphate,
disodium salt of bisphenol A, dipotassium salt thereof,
dilithium salt thereof, sodium salt of phenol, potassium salt
thereof, lithium salt thereof, cesium salt thereof; alkaline
earth metal compounds such as calcium hydroxide, barium

hydroxide, magnesium hydroxide, strontium hydroxide, cal
cium hydrogencarbonate, barium carbonate, magnesium
carbonate, strontium carbonate, calcium acetate, barium
acetate, magnesium acetate, strontium acetate, calcium
stearate, magnesium stearate, strontium stearate; tertiary
amines such as triethylamine, tributylamine, trihexylamine,

triamylamine, triethanolamine, dimethylaminoethanol, tri

ethylenediamine, dimethylphenylamine, dimethylbenZy
lamine, 2-(dimethylaminomethyl)phenol, dimethylaniline,
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pyridine, picoline, 1,8-diaZabicyclo(5,4,0)undecene-7; imi
daZole compounds such as 2-methylimidaZole, 2-ethylimi

(bromine-containing ?ame retardant, phosphorus-contain
ing ?ame retardant, antimony compound, etc), and colorant

daZole, 2-isopropylimidaZole, 2-ethyl-4-methylimidaZole,

such as dye and pigment.

4-phenyl-2-methylimidaZole; quaternary ammonium salts
such as tetramethylammonium chloride, tetraethylammo

[0174] For producing the composition of the invention, for
example, preferably employed is a method of pre-blending

nium chloride, tetrabutylammonium bromide, trimethylben
Zylammonium chloride, triethylbenZylammonium chloride,

tripropylbenZylammonium chloride, N-methylpyridinium
chloride; phosphine compounds such as trimethylphosphine,

triethylphosphine, tributylphosphine, trioctylphosphine;
phosphonium salts such as tetramethylphosphonium bro

a polylactic acid resin, a polyacetal resin and optionally

other additives and then uniformly melting and kneading
them in a single or double-screW extruder at a temperature

not loWer than the melting point, or mixing the component
in solution and then removing the solvent from the mixture.

mide, tetrabutylphosphonium bromide, tetraphenylphospho
nium bromide, ethyltriphenylphosphonium bromide, triph
enylbenZylphosphonium bromide; phosphates such as

trimethyl phosphate, triethyl phosphate, tributyl phosphate,
trioctyl phosphate, tributoxyethyl phosphate, triphenyl phos
phate, tricresyl phosphate, trixylenyl phosphate, cresyl
diphenyl phosphate, octyldiphenyl phosphate, tri(p-hydrox
y)phenyl phosphate, tri(p-methoxy)phenyl phosphate;
organic acids such as oxalic acid, p-toluenesulfonic acid,

EXAMPLES

[0175]

The invention is described in more detail With

reference to the folloWing Examples, Which, hoWever, are
not to restrict the scope of the invention.

Example 1

[0176] (Examples of the Invention and Comparative

dinonylnaphthalenedisulfonic acid, dodecylbenZenesulfonic

Examples):

acid; LeWis acids such as boron tri?uoride, aluminium
tetrachloride, titanium tetrachloride, tin tetrachloride. One or
more of these may be used herein. Above all, preferred are

[0177]

alkali metal compounds, alkaline earth metal compounds
and phosphates; and more preferred are organic salts With
alkali metals or alkaline earth metals. Especially preferred
compounds are sodium stearate, potassium stearate, calcium

stearate, magnesium stearate, sodium benZoate, sodium
acetate, potassium acetate, calcium acetate and magnesium
acetate. Further preferred are organic salts having at least 6
carbon atoms With alkali metals or alkaline earth metals.
Preferably one or more of sodium stearate, potassium stear

Poly-L-lactic acid resin having a D-isomer content

of 1.2% and a PMMA-calibrated Weight-average molecular

Weight of 160,000, and polyacetal copolymer (Toray’s Ami
lus S731) having a melt index measured at 190° C. of 27
g/10 min and having a melting point of 170° C. Were mixed
in the ratio as in Table 1, and kneaded in melt in a 40 mm(])
single-screW extruder at a temperature of 210° C. and a
revolution of 50 rpm to obtain a resin composition.

[0178] Using a differential scanning calorimeter (DSC, by
Perkin Elmer), the glass transition temperature (Tg) of the
resin composition and the crystalliZation temperature (Tc) of

ate, calcium stearate, magnesium stearate and sodium ben

the polyacetal resin at cooling Were measured driven at a

Zoate are used herein.

heating and cooling rate of 20° C./min. The data are given
in Table 1. Tg loWers With the increase in the polyacetal resin
content of the composition. Tc loWers With the increase in
the polylactic acid resin content of the composition.

[0170] The amount of the reaction catalyst to be used is
not speci?cally de?ned. Preferably, it is from 0.001 to 1 part

by Weight, more preferably from 0.01 to 0.1 parts by Weight,
most preferably from 0.02 to 0.1 parts by Weight relative to
100 parts by Weight of the total of the polylactic acid resin
and the polyacetal resin in the resin composition.
[0171] The resin composition of the invention may contain
any thermoplastic resin, for example, polyole?n resin such
as polyethylene rein or polypropylene resin, polystyrene

resin, polyurethane resin, chloropolyethylene resin,
choropolypropylene resin, aromatic and aliphatic polyke
tone resin, ?uororesin, polyphenylene sul?de resin, poly
ether-ether ketone resin, polyimide resin, thermoplastic
starch resin, AS resin, ABS resin, AES resin, ACS resin,

polyvinyl chloride resin, polyvinylidene chloride resin,
vinyl ester resin, polyurethane resin, MS resin, polycarbon
ate resin, polyarylate resin, polysulfone resin, polyether
sulfone resin, phenoxy resin, polyphenylene oxide resin,
poly-4-methylpenten-1, polyetherimide resin, cellulose
acetate resin, polyvinyl alcohol resin. The amount of the

additional resin is preferably from 1 part by Weight to 100
parts by Weight, more preferably from 3 parts by Weight to
70 parts by Weight, even more preferably from 5 parts by
Weight to 50 parts by Weight relative to 100 parts by Weight
of the total of the polylactic acid resin and the polyacetal
resin in the composition.

[0172] The resin composition may also contain thermo
setting resin such as phenolic resin, melamine resin, poly
ester resin, silicone resin, epoxy resin, etc.

[0173] Not interfering With the object of the invention, the
resin composition may contain lubricant, ?ame retardant

[0179] The composition obtained herein Was heated at
200° C. for 2 minutes, then pressed and thereafter cooled in
Water With ice to obtain a ?lm having a thickness of 100 pm.

The transparency of the ?lm Was judged through visual
observation. The result is given in Table 1. Test Nos. 1-1 and
1-7 are comparative data. Photographic pictures of the ?lms
obtained in Test Nos. 1-1, 1-2, 1-4, 1-5 and 1-7 are shoWn
in FIG. 1. In the draWing, the upper left is the ?lm having

a composition ratio polylactic acid/polyacetal of 90/10 (Test
No. 1-2); the middle left is the ?lm having a composition
ratio of 70/30 (Test No. 1-4); and the loWer left is the ?lm

having a composition ratio of 50/50 (Test No. 1-5). In this,
the upper right is the ?lm of polylactic acid alone (Test No.
1-1); and the loWer right is the ?lm of polyacetal alone (Test
No. 1-7). Through the ?lm having a composition ratio of
90/ 10, the ?lm having a composition ratio of 70/30 and the
?lm of polylactic acid alone, the background on the opposite
side is clearly seen, and this means the high transparency of
these ?lms. HoWever, the other ?lms are opaque, and the
background on the opposite side could not seen through

them. This process gives transparent ?lms When the poly
acetal content of the resin composition is not higher than
30%.
[0180] The light transmittance and the haZe value of the
?lms obtained herein Were measured according to JIS

K6714, using an integrating-sphere H.T.R. meter. The data
are given in Table 2. The light transmittance of the ?lms
having a composition ratio of 90/10, 80/20 or 70/30 and the
?lm of polylactic acid alone Was at least 95%, and the haZe
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measured at 190° C. of 9 g/10 min and having a melting
point of 170° C. Were mixed in the ratio as in Table 4. Tg of

value thereof Was at most 10%. The light transmittance of
the ?lms havinga composition ratio of 50/50 or 30/70 Was at
least 90%, and the haZe value thereof Was at most 50%; but

the light transmittance of the ?lm of polyacetal alone Was

the thus-obtained resin composition and Tc of the polyacetal

loWer than 90% and the haZe value thereof Was 85%.

[0181] In addition, the resin composition obtained herein

resin in the composition Were measured also in the same
manner as in Example 1. The data are given in Table 4. Test

Was injection-molded at a cylinder temperature of 210° C.
and a mold temperature of 40° C. to obtain tensile test

Tg and Tc are seen to loWer.

Nos. 2-1 and 2-5 are comparative data. Like in Example 1,

pieces. These Were tested for tensile strength, according to
ASTM-D638. Further, the test pieces Were heated at 140° C.

[0186] The resin composition Was melt-spun at a spinning
temperature of 210° C. and a spinning rate of 1000 m/min.
All the resin composition Were Well spun but the polyacetal

for 1 hour, and visually checked for the degree of deforma
tion. The results are given in Table 3. Compared With the
individual resin alone, the resin composition of the invention
gives moldings of better mechanical properties and heat

resin alone (2-5) Was not. Spinning the polyacetal resin
alone gave many thread breakage.

resistance.
TABLE 1

Polylactic Acid
Polyacetal

Wt. pt
Wt. pt.

1-1

1-2

1-3

1-4

1-5

1-6

1-7

100
0

90
10

80
20

70
30

50
50

30
70

0
100
unclear

Tg

° C.

67

58

48

unclear

unclear

unclear

Tc

° C.

—

119

124

130

134

138

140

Film Transparency

visual

transparent

transparent

transparent

transparent

opaque

opaque

opaque

observation

[0182]
TABLE 4
TABLE 2
1-1

1-2 1-3 1-4 1-5 1-6

1-7

Polylactic Acid

Wt. pt.

100

90

80

70

50

30

0

Polyacetal
Film Transparency
Light Transmittance
Haze

Wt- pt-

0

1O

2O

3O

5O

70

100

96
5

96
6

96
6

96
8

92
24

91
45

88
82

%
%

.

2'1

2'2

2'3

2'4

2'5

0
100

.

Polylactic Acid
Polyacetal
Tg

Wt. pt.
Wt. pt.
O C_

100
0
68

80
20
5O

50
50
unclear

20
80
unclear

unclear

Tc

° C.

—

127

135

138

139

[0183]
TABLE 3

Polylactic Acid
Polyacetal
Strength
Modulus of Elasticity
Elongation at break

Wt. pt.
Wt. pt.
MPa
GPa
%

Deformation after

visual

heating

observation

1-1

1-2

1-3

1-4

1-5

1-6

1-7

100
0
66
2.4
3

90
10
65
2.5
3

80
20
64
2.6
3

70
30
65
2.6
3

50
50
56
2.5
14

30
70
56
2.4
23

0
100
50
2.3
50

much

not

not

not

not

not

not

deformed"

deformed

deformed

deformed

deformed

deformed

deformed

*Greatly Warped in the Width direction.

Example 2

Example 3

[0184] (Examples of the Invention and Comparative

[0187] (Examples of the Invention and Comparative

Examples):

Examples):

[0185] Resin compositions Were produced in the same
manner as in Example 1, except that poly-L-lactic acid resin

[0188] Resin compositions Were produced in the same
manner as in Example 1, except that poly-L-lactic acid resin
having a D-isomer content of 8% and a PMMA-calibrated

having a D-isomer content of 1.2% and a PMMA-calibrated

Weight-average molecular Weight of 180,000, andpolyac
etalcopolymer (Toray’s Amilus S731) having a melt index

Weight-average molecular Weight of 280,000, and polyacetal
copolymer (Toray’s Amilus S761) having a melt index

measured at 190° C. of 27 g/10 min and having a melting
point of 170° C. Were mixed in the ratio as in Table 5. Tg of
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the thus-obtained resin composition and Tc of the polyacetal
resin in the composition Were measured also in the same
manner as in Example 1. The data are given in Table 5. Test

Nos. 3-1 and 3-5 are comparative data. Like in Example 1,
Tg and Tc are seen to loWer, but the degree of depression is
small.
TABLE 5

TABLE 6
1-2 1-3 1-4 1-5 1-6 2-2 2-3 2-4 3-2 3-3 3-4

Polylactic Wt. pt.
Acid
Polyacetal Wt. pt.
Formalde- ppm

90

8O

7O

5O

3O

8O

5O

2O

8O

5O

2O

10
70

20
5O

30
9O

50
5O

70
3O

20
3O

50
4O

80
4O

20
9O

50
7O

80
8O

hyde
Content

3-1

3-2

3-3

3-4

3-5

100
0

80
20

50
50

20
80

0
100

Polylactic Acid
Polyacetal

Wt. pt.
Wt. pt.

Tg

° C.

62

50

unclear

unclear

unclear

Tc

° C.

—

130

138

139

140

Example 7

[0197] (Comparative Example):
[0198] 50 parts by Weight of poly-L-lactic acid resin

Example 4

[0189] (Comparative Example):
[0190] 80 parts by Weight of poly-L-lactic acid resin
having a D-isomer content of 1.2% and a PMMA-calibrated

Weight-average molecular Weight of 160,000 and 20 parts by
Weight of nylon 6 (Toray Amilan CM1010) Were kneaded in
melt in a 40 mm(]) single-screW extruder at a temperature of
240° C. and a revolution of 50 rpm to obtain a resin

having a D-isomer content of 1.2% and a PMMA-calibrated

Weight-average molecular Weight of 160,000, 50 parts by

Weight of polyacetal copolymer (containing 1.5% by Weight
of oxyalkylene units With tWo neighboring carbon atoms in
the backbone chain) having a melt index measured at 190°
C. of 9 g/10 min and having a melting point of 170° C., and
0.001 parts by Weight of aqueous 30 Wt. % formalin Were
mixed, and kneaded in melt in a 40 mm(]) single-screW
extruder at a temperature of 200° C. and a revolution of 50

composition.

rpm to obtain a resin composition. This foamed, and its

[0191] Tg of the poly-L-lactic acid resin in the thus

Example 6 Was 500 ppm. While Worked, it much foamed
With odor and could notbeformedinto?lmsormoldings.
Therefore,itsproperties could not be evaluated.

formaldehyde content measured in the same manner as in

obtained resin composition Was 66° C. Accordingly, the
poly-L-lactic acid resin Will be immiscible With nylon 6. The
composition obtained herein Was heated at 230° C. for 2

minutes, then pressed, and thereafter cooled in Water With
ice to obtain a ?lm having a thickness of 100 pm. The ?lm
Was opaque. Its light transmittance Was 69%, and its haZe
Was 92%.

Example 8

[0199] (Comparative Example):
[0200] A resin composition having a formaldehyde con

Example 5

tent of 500 ppm Was produced in the same manner as in

Example 7, for Which, hoWever, used Was poly-L-lactic acid

[0192] (Comparative Example):

resin having a D-isomer content of 8% and a PMMA

[0193] Polyacetal copolymer (Toray’s Amilus S731) hav

While Worked, it much foamed With odor and could not be

ing a melt index measured at 190° C. of 27 g/10 min and

having a melting point of 170° C., and 20 parts by Weight of
polymethylmethacrylate resin (Sumitomo Chemical’s Sumi

calibrated number-average molecular Weight of 160,000.
formed into ?lms or moldings. Therefore, its properties
could not be evaluated.

pex LG35) having a melt index measured at 230° C. of 35
g/10 min Were kneaded in melt in a 40 mm(]) single-screW

Example 9

extruder at a temperature of 200° C. and a revolution of 50
rpm to obtain a resin composition.

[0201] (Examples of the Invention and Comparative

[0194] Tc of the polyacetal resin in the thus-obtained resin
composition Was 140° C. Accordingly, the polyacetal resin
Will be immiscible With the polymethyl methacrylate resin.

[0202]

The composition obtained herein Was heated at 200° C. for

Examples):

Poly-L-lactic acid resin having a D-isomer content

of 2% and a PMMA-calibrated Weight-average molecular

Weight of 170,000, polyacetal copolymer (Toray’s Amilus

2 minutes, then pressed, and thereafter cooled in Water With

S731) having a melt index measured at 190° C. of 27 g/10
min and having a melting point of 170° C., and a crystal

ice to obtain a ?lm having a thickness of 100 pm. The ?lm
Was opaque. Its light transmittance Was 59%, and its haZe

Table 7, and kneaded in melt in a 40 mm(]) single-screW

Was 90%.

Example 6

[0195] (Examples of the Invention):
[0196] The resin compositions prepared by mixing the
polylactic acid resin and the polyacetal resin in Examples 1
to 3 Were separately ground. One g of the poWder Was stirred
in 100 ml of Water at 50° C. for 6 hours to extract formal
dehyde. This Was determined according to an acetylacetone
method, and the data obtained are given in Table 6. The
formaldehyde content of every composition Was smaller
than 250 ppm relative to the polyacetal resin.

liZation promoter as in Table 7 Were mixed in the ratio as in

extruder at a temperature of 210° C. and a revolution of 50
rpm to obtain a resin composition.

[0203] The crystalliZation promoters used herein are as
folloWs:

[0204] A-1: Polyethylene glycol (by Katayama Chemi
cal, molecular Weight 2000).

[0205] A-2: Polybutylene adipate (by Sanyo Chemical,
molecular Weight 1000).
[0206] A-3: Neopentylglycol dibenZoate (by Sanyo

Chemical).
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[0207] B-1: Talc (by Fuji Talc, LMS300).
[0208] B-2: Synthetic mica (by Corp Chemical,

ME-100).

amount of Water at 50° C. for 6 hours to eXtract formalde
hyde. This Was determined according to an MBTH colorim

etry method using, as the essential reagent, 3-methyl-2

benZothiaZolinonehydraZone

[0209] B-3: Barium stearate (by Katayama Chemical).
[0210] Using DSC (by Seiko Electronics), the glass tran
sition temperature (Tg) of the resin composition and the
crystalliZation temperature (Tc) of the polyacetal resin at
cooling Were measured driven at a heating and cooling rate
of 20° C./min. The data are given in Table 7. The crystal
liZation temperature of polyacetal resin alone at cooling Was
140° C.

[0211] The resin composition obtained herein by miXing
the polylactic acid resin and the polyacetal resin Was ground.
One g of the resulting poWder Was stirred in a predetermined

hydrochloride.

The

data

obtained are given in Table 7.

[0212] In addition, the resin composition obtained herein
Was injection-molded at a cylinder temperature of 210° C.
and a mold temperature of 90° C. to obtain test pieces. These
Were tested for tensile strength according to ASTM-D638,
and for heat distortion temperature (under a load of 0.45

MPa) according to ASTM-D648. Further, the test pieces
Were heated at 140° C. for 10 hours, and their tensile
strength Was again measured. In addition their surfaces Were

visually checked for bleeding out. The results are given in
Table 7.
TABLE 7
Examples of the Invention
9-1

9-2

9-3

9-4

9-5

9-6

9-7

Polylactic Acid
Polyacetal

Wt. pt
Wt. pt

80
20

80
20

80
20

80
20

80
20

80
20

80
20

Plasticizer

type
Wt. pt

A-1
3

—
—

—
—

A-1
3

A-2
3

A-3
3

A-1
3

Nucleating Agent

Type

—

B-1

B-2

B-1

B-1

B-1

B-3

Glass Transition

Wt. pt
° C.

—
38

1
39

1
39

1
38

1
39

1
39

1
38

° C.

124

125

125

124

125

125

124

Formaldehyde Content ppm
Tensile Strength
MPa

40
53

100
59

100
61

150
53

200
55

150
55

100
54

Heat Distortion

66

73

75

135

85

82

101

Temperature
Crystallization

Temperature at cooling
° C.

Temperature
Bleed-out

visual

(after heat treatment)

observation

Tensile Strength

MPa

no

48

no

53

no

no

53

no

48

no

48

no

47

50

(after heat treatment)

Comparative Examples
9-1

9-4

9-5

9-6

9-7

100

Polylactic Acid

Wt. pt

100

100

100

100

Wt.

pt.

—

—

—

—

—

—

—

Plasticizer

type
Wt. pt.

—
—

A-1
3

—
—

A-1
3

A-2
3

A-3
3

A-1
3

B-3

Glass Transition

100

9-3

Polyacetal

Nucleating Agent

100

9-2

Type

—

—

B-1

B-1

B-1

B-1

Wt. pt.

—

—

1

1

1

1

1

° C.

62

59

62

59

61

60

59

Temperature
Crystallization

°

C.

—

—

—

—

—

—

—

—

—

—

—

—

Temperature at cooling
ppm

—

—

Tensile Strength

Formaldehyde

Content

MPa

65*

54*

65

55

54

55

56

Heat Distortion

° C.

55*

53*

57

64

59

59

61

Bleed-out

visual

no

yes

no

yes

yes

yes

yes

(after heat treatment)

observation

Tensile Strength

MPa

64*

broken While

61

broken While

32

29

broken While

Temperature

(after heat treatment)

processed

processed

processed

A-1: Polyethylene glycol (by Katayama Chemical, molecular Weight 2000).
A-2: Polybutylene adipate (by Sanyo Chemical, molecular Weight 1000).
A-3: Neopentylglycol dibenzoate (by Sanyo Chemical).
B-1: Talc (by Fuji Talc, LMS300).
B-2: Synthetic mica (by Corp Chemical, ME-100).
B-3: Barium stearate (by Katayama Chemical).
*Test pieces Were molded at a mold temperature of 60° C., since they much deformed at a mold temperature of
90° C.

