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ALIPHATIC—AROMATIC COPOLYESTERS AND CELLULOSE
ESTER/POLYMER BLENDS

Field of Invention

This invention concerns binary blends of cellulose
esters with aliphatic polyesters or aliphatic—aromatic
copolyesters as well as ternary blends of cellulose
esters with aliphatic polyesters andsor aliphatic-
aromatic copolyesters and-sor other polymers. These
resins are useful as molded or extruded plastic objects,
fibers, or films. This invention also concerns randonm
aliphatic—aromatic copolyesters which are useful as
molded or extruded plastic objects, fibers, or films.
Moreover, various additives can be added to the blends

.or to the random aliphatic—aromatic copolyesters to
‘enhance properties such as water vapor transmission

rates or. biodegradability.

Background of the Invention
It is well knoWn that cellulose esters are

important as commercial plastics and as fibers. 1In

general, cellulose esters are used in plastic applica—

tions where hard but clear plastics are required. For
exanmple, cellulose esters are used in tool handles,
eyéglass frames,'toys, toothbrush:handles,'and the like.
All of these applications require a combination of high
melting and glass transition temperatures as well as
high modulus and good tensile sfrength. Formulations
based on cellulose esters which provide plastic films
with low modulus but good tensile strength while
maintaining sufficient melting and glass transition
temperatures (Tg) to allow thermal processing are

e
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5 Field of Invention This invention concerns binary bl ends

of cellul ose esters with-aliphatic -aromatic copol yesters as well as
ternary bl ends of cellul ose esters with aliphatic-aromatic 10 '
copol yesters and/or other polyners. These resins are useful as nol ded

or ‘extruded plastic objects, fibers, or films.
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which allow thermal extrusion of fibers are also
ally unknown.
Because of the high melt temperatures and low melt
oility of many of the cellulose esters, plasticizers
ch as dioctyl adipate or triphenylphosphate are often
dded to the cellulose ester to lower the melt
temperatures during melt processing of the polymer.
Althouéh this technique is effective, addition of a
monomeric plasticizer often creates secondary problems
y related to volatile or extractable plasticizers such as
dye drip during melt extrusion or long—term dimensional
stability (creep) in an object made from the cellulose

ester.
The most basic requirement for polymer-—polymer
15 miscibility is that the free energy of mixing be

negative (AG<0). Although on the surface it would seem
that polymer—polymer miscibility would be common, in
reality there are only a few known miscible binary
blends and even fewer known miscible ﬁérnary blend
20 systems (Brannock, G.R.; Paul, D.R., Macromolecules, 23,
. 5240-5250 (1990)). The discovery of miscible binary or
ternary blends is very uncommon.
The classical experimental techniques for
determining polymer blend miscibility involve the
25 determination of the optical clarity of a film made from
the blend, measurement of the appropriate mechanical
‘properties, and measurement of the glass transition
temperature by an appropriate thermal analysis technique
such as dynamic mechanical thermal analysis (DMTA) or
30 differential scanning calorimetry (DSC). If a blend is
miscible, films made from the blend will generally be
clear. Likewise, mechanical properties of a blend, such
as tensile strength or tangent modulus, are often
intermediate between those of the blend componehts.



Mor eover, various additives can be added to the blends to " enhance
properties such as water vapor transm ssion rates of bi odegradabi lity.
15 Backgr ound of the Invention It is well known that

cellul ose esters are inportant as commercial plastics and as fibers.
In general, cellul ose esters are used in plastic applications where
hard but clear '
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Furthermore, a miscible amorphous blend will show a
single Tg intermediate between that of the component
homopolymers while an immiscible or partially miscible
blend will show multiple Tg’s. In the case of a

5 completely immiscible blend, the Tg’s will be those of
the homopolymers. For partially miscible blends, the
Tg’s will be intermediate values corresponding to
partially miscible phases rich in one of the components.
The variation in binary blend Tg can be modeled by the

10 Fox—Flory equaticn, Tg,5 = Tg, (W;) + Tg, (W,), where Tg,,
is the Tg of the blend, Tg, and Tg, are the Tg’s of
homopolymers, and Wl and W2 are the weight percent of
each component in the blend. Since the Fox equation does
not take into account specific interaction between the

15 blend components the Gordon-Taylor equation, Tg,, = Tg;
+ [kWé(ng - Tg,,)-W,] where k is a constant, is often
preferred in blend analysis. For a homogenous, well
mixed system, a plot of Tglz versus W{(ng - Tglz)/w1
will yield a straight line the slope of which is equal

20 to k and the ordinate intercept will be equal to Tg;.

' The constant k is often taken as a measure of secondary

interactions between the blend components. When k is
equal to one, the Gordon—-Taylor equation reduces to a
simple weight average of the component Tg’s. '

25 - Miscible blends of cellulose esters and other
polymers are generally unknown. The most notable
exceptions include the work disclosed by Koleske, et al.
(U.S. Patent 3,781,381 (1973)), Bogan and Combs (U.S.
Patent 3,668,157 (1972)), Waniczek et al., (U.;. Patent

30 4,506,045 (1985)), and Wingler et al. (U.S. Patent
4,533,397 (1985)). Koleske et al. reported that blends,
formed by solution casting of polycaprolactone and
cellulose ester mixtures, are miscible. Later work by

Hubbell and Cooper (J. Appl. Polym. Sci., 1977, 21,



20 plastics are required. For exanple, cellulose esters are used in
tool handl es, eyeglass franes, toys, toothbrush handl es, and the |iKke.
Al'l of these applications require a conbi nati on of high nelting and

gl ass transition tenperatures as well as high nodul us and good tensile
25 strength. Fornul ati ons based on cellul ose esters which provi de
plastic filnms with | ow nodul us but good tensile strength while

mai ntai ning sufficient nmelting and gl ass

3035) demonstrated that cellulose acetate butyrate/
polycaprolactone blends are in fact immiscible. Bogan
and Combs have reported that block ¢opolymers of
polyether-polyesters form miscible blends with some

5 cellulose esters. Critical to the invention of Bogan
and Combs was the use of an elastomeric block copolymer;
they report that the corresponding homopolymeric
elastomers were incompatible with cellulose esters.
Waniczek et al., have disclosed that polyester

10 carbonates and polyether carbonates copolymers form
miscible blends with many cellulose esters and are
useful as thermoplastic resins. Wingler et al. report
that contact lenses can be prepared from blends
consisting of (A) 97-70% by weight of one or more

15 cellulose esters and (B) 3-30% by weight of an aliphatic
polymeric compound having ester moieties, carbonate
moieties, or both ester and carbonate moieties in the
same polymer chain. The'invention of Wingler et al. is
limited to aliphatic polymeric compounds; no reference

20 is made to random copoiymers consisting of aliphatic
diacids, aromatic diacids, and suitable diols or
polyols. The invention of Wingler is further limited to
cellulose mixed esters having a weight per cent hydroxyl
of 1.2% to 1.95% (DSgy = 0.11-0.19 where "DS" or

25 "DS/AGU" refers to the number of substituents per
anhydroglucose unit where the maximum DS/AGU is three).
The invention of Wingler et al. is also limited to
binary miscible blends and by the composition range of
the blends (3-30% aliphatic polymeric compound). No

30 reference is made to blends containing an immiscible
component where the immiscible component is useful for
enhancing properties such as water vapor transmission
rates or biodegradability. Immiscible blends of
Ccellulose esters and aromatic polyesters have also been



transition tenperatures (Tg) to allow thernmal processing are . generally
unknown. Fornul ati ons based on cel |l ul ose
~o- A T
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disclosed by Pollock et al. (U.S. Patent 4,770,931
(1988)) which are useful in applications such as paper

substitutes.
One time use, disposable items are common.
5 Examples of such disposable articles include items such

as infant diapers, incontinence briefs, sanitary
napkins, tampons, bed linérs, bedpans, bandages, food
bags, aQricultural compost sheets, and the like.
Examples of other disposable items include razor blade
10 handles, toothbrush handles, disposable syringes,
fishing lines, fishing nets, packaging, cups,
clamshells, and the like. For disposable items,
environmental non-persistence is desirable.

Disposable articles are typified by disposable

15 diapers. A disposable diaper typically has a thin,
flexible polyethylene film cover, én absorbent filler as
the middle layer, and a porous inner liner which is
typically nonwoven polypropylene. The diaper
construction also requires tabs or tape for fastening

20 the diaper (typically polypropylene) as well as various
elastomers and adhesives. Although the absorbent filler
is usually biodegradable or easily dispersed in an
agqueous environment, currently neither the outer or
inner liner nor the other parts such as the tabs or

25. adhesives will degrade from microbial actioén.

' Consequently, disposable absorbent materials such as
diapers accumulate in landfills and place enormous
Pressure on waste systems. Other disposable articles
such as plastic bags or plastic compost sheets suffer

30 from similar problems.

Numerous studies have demonstrated that cellulocse
or cellulose derivatives with a low degree of
substitution, i.e., less than one, are biodegradable.
Cellulose is degraded in the environment by both



in water. Welicki (U S Patent 3,602,225) teaches the use of barrier
films nmade of plasticized regenerated cellulose filnms. Conerford (U. S.
Patent 3,683,917) teaches the use of a cellulosic material coated with a
wat er repellent material. EP-A-0387167 discloses blends of a cellul ose
‘ester in up to about 5 weight percent of a polyester ether. There
exists in the market place the need for thernoplastics which are useful in
nol ding, fiber, and filmapplications. For_these applications, it is
desirable that the thernoplastic blend be Processable at a | ow nelt
tenperature and have a high glass transition tenperature. These

ther mopl ast i ¢S sfiutéh1tor WUAIBY ' Hi¥rdoboin i, ACgRlial! asti i zers.
Mor eover, there _ -
endproducts of this microbial degradation include cell
biomass, methane(anaercbic only), carbon dioxide, water,
and other fermentation products. The ultimate
5  endproducts will depend upon the type of environment as

well as the type of microbial population that is
present. However, it has been reported that cellulose
esters with a DS greater than about one are completely
resistant to attack by microorganisms. For example,

10 Stutzenberger and Kahler (J. Appl. Bacteriology, 66, 225
(1986)) have reported that cellulose acetate is
extremely recalcitrant to attack by Thermomonospora
curvata.

Polyhydroxyalkanocates (PHA), such as polyhydroxy-

15 butyrate (PHB), polycaprolactone (PCL), or copolymers of
polyhydroxybutyrate and polyhydroxyvalerate (PHBV), have
been known for at least twenty years. With the
exception of polycaprolactone, they are generally
prepared biologically and have been reported to be

20 biodegradable (M. Kunioka et al., Aggl; Microbiol.
Biotechnol., 30, 569 (1989)).

Polyesters prepared from aliphatic diacids or the
corresponding carboxylic ester of lower alcohols and
diols have also been reported to be biodegradable. For

25 example, Fields and Rodriguez ("Proceedings of the Third
International Biodegradation Symposium®, J.M. Sharpley

" and A.M. Kaplan, Eds., Applied Science, Barking,
England, 1976, p. 775) prepared polyesters from C2-C12
diacids coupled with C4-C12 diols and found that many

30 were biodegradable.

Aliphatic polyesters have been used in very few
applications mainly because of their low melting points
and low glass transition temperatures (generally less
than 65°C and -30°C, respectively). At room



Is a need in the market place for a biodegradable material for use in

di sposabl e articles such as diapers, razors, and the |ike. As-an exanple,
unlike films prepared from pol yners such as PHB, the nmaterial should be
anmenabl e to both solvent casting and nmelt extrusion. In nmelt extruding this
material, coextrusion with other thernoplastics should not be a

requi rement. The barrier properties of this nem/blodegradable mat eri al
shoul d be adequate so that coating with a water insoluble polyner is not
required. The new material shoul d di.spers@ eonpletely in the environnent
and not require coating with a water sol uble polynmer. The nechani cal
properties of the material should be such that _filns of |ow npdul us, but of
hi gh tensile sEPERGFACEER, pEhe Rh¥sical form of many of the aliphatic

polyesters is as a thick, viscous liquid. Therefore,
aliphatic polyesters are not expected to be generally
useful. '

5 On the other hand, aromatic polyesters, such as
poly(ethylene terephthalate), poly(cyclohexanedimethanol
terephthalate), and poly(ethylene terephthalate—co—
isophthalate), have proven to be very useful materials.
Aromatic polyesters, however, are generally very

10 resistant to biodegradation (J. E. Potts in "Kirk-Othmer
Encyclopedia of Chemical Technology", Suppl. Vol, Wiley-
Interscience, New York, 1984, pp. 626-—668). Block
copolyesters containing both aliphatic and aromatic
structures have been prepared and have been shown to be

15 biodegradable. Examples of aliphatic-aromatic block
copolyester—ethers include the work of Reed and Gilding
(Bolymer, 22, 499 (1981)) using poly(ethylene _
terephthalate)/ poly(ethylene oxide) where these block
copolymers were studied and found to be biodegradable in

20 vitro. Tokiwa and Suzuki have investigated block
copolyesters such as those derived from poly-—
(caprolactone) and poly(butylene terephthalate) and
found them to be degraded by a lipase (J. Appl. Polym.
Sci., 26, 441-448 (1981)). Presumably, the biodegrada—

25 tion is dependent upon the aliphatic blocks of the
copolyesters; the blocks consisting of aromatic ,
polyester are still resistant to biodegra&ation. Random
aliphatic-aromatic copolyesters have not been
investigated in this regard.

30 While random copolyesters with low levels of
aliphatic diacids are known (e.g., Droscher and
Horlbeck, Ange. Makromol. Chemie, 128, 203—213(1984)),
copolyesters with high levels (>30%) of aliphatic
dicarboxylic components are generally unknown.



Summary of the Invention The present invention, in part, concerns
bi nary bl ends of cellul ose esters and aliphatic-aromatic copol yesters,
wel |l as ternary . blends of cellulose esters and aliphatic-aromatic -

copol yesters and pol yneri c conpounds as well as fibers, nolded objects,

filnms prepared therefromwhich have one or nore of the above or bel ow
descri bed desirabl e properti es.
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Copolyesters with as much as 40% aliphatic dicarboxylic
acid components have been disclosed in adhesive
applications; however, these copolyesters adhesives
contain at least two dialcohol components in order to
achieve the desired adhesive properties (Cox, A., Meyer,
M. F., U.S. Patent No. 4,966,959 (1990)).

There are many references to the preparation of
films from polymers such as polyhydroxybutyrate (PHB).
Production of films from PHB generally involves solvent
casting principally because PHB polymers tend to remain
sticky or tacky for a substantial time after the .
temperature has dropped below the melting point of the
PHB. To circumvent this problem, Martini et al. (U.S.
Paténts 4;826,493 and 4,880,592) teach the practice of
co—extruding PHB with a thermoplastic that is non—tacky.
Such thermoplastics remain as a permanent layer on the
PHB film or may be a sacrificial film which is removed
following extrusion.

PHB has also been reported to be useful in the
preparation of disposable articles. Potts (U.S. Patents
4,372,311 and 4,503,098) has disclosed that water
soluble polymers such as poly(ethylene oxide) may be
coated with biodegradable water insoluble polymers such
as PHB. In these inventions, the PHB layer, which is
distinct from the water soluble layer, degrades exposing
the water soluble layer which will then disperse in an
aqueous environment.

There have been other reports of the preparation of
a biodegradable barrier film for use in disposable
articles. Comerford et al. (U.S. Patent 3,952,347) have
disclosed that finely divided biodegradable materials
such as cellulose, starch, carbohydrates, and natural
gums may be dispersed in a matrix of nonbiodegradable
film forming materials which are resistant to solubility

as

and



- 10 - The present invention is directed to a blend conprising: '(A) 5%
to 98% of a [err] ester of cellul ose having a DS/AGU of 1.7 to 3.0 and

an i nherent
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viscosity of 0.2 to 3.0 dl/g as
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in water. Wielicki (U.S. Patent 3,602,225) teaches the
use of barrier films made of plasticized regenerated
cellulose films. Comerford (U.S. Patent 3,683,917)
teaches the use of a cellulosic material coated with a
water repellent material.

"There exists in the market place the need for
thermoplastics which are useful in molding, fiber, and
film applications. For these applications, it is
desirable that the thermoplastic blend be processable at
a low melt temperature and have a high glass transition
temperature. These thermoplastics should not contain
volatile or extractable plasticizers. Moreover, there
is a need in the marketplace for a biodegradable
material for use in disposable articles such as diapers,
razors, and the like. As an example, unlike films
prepared from polymers such as PHB, the material should
be amenable to both solvent casting and melt extrusion.
In melt extruding this material, coextrusion with other
thermoplastics should not be a requirement. The barrier '
properties of this new biodegradable material should be
adequate so that coating with a water insoluble polymer
is not required. The new material should disperse
completely in the environment and not require coating
with a water soluble polymer. The mechanical properties
of the material should be such that films of low modulus
but of high tensile strepgth can be prepared.

Summary of the Invention

The present invention, in part, concerns binary
blends of cellulose esters and aliphatic-—aromatic
copolyesters, cellulose esters and aliphatic polyesters
as well as ternary blends of cellulose esters and-ror
aliphatic polyesters and-or aliphatic—aromatic
copolyesters and-/or polymeric compounds as well as -
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nmeasured at a tenperature of 25[err]Cfor a 0.5 g sanple in 100 mM of a
60/ 40 parts by weight ~solution of phenol/tetrachl oroethane, and (B) 2%

to 95% of an aliphatic-aromatic copol yester having an inherent
vi scosity of 0.4 to 2.0 dl/g as neasured at a tenperature of 25C

for a 0.5 g sanple in 100 m of a 60/40 parts by weight solution of
phenol / t etrachl or oet hane, sai d percent ages bei ng based on the wei ght of
conmponent (A) pl us conponent (B), and 10 said aliphatic aromatic

copol yester conpri ses

fibers, molded objects, and films prepared therefrom
which have one or more of the. above or below described
desirable properties. More specifically, the present
invention is directed to a blend comprising:

5 I. (A) about 5% to about 98% of a C1-C10 ester of
cellulose having a DS/AGU of about 1.7 to 3.0
and an inherent viscosity of about 0.2 to
about 3.0 deciliters.gram as measured at a
temperature of 25°C for a 0.5 g sample in 100

10 ml of a 6040 parts by weight solution of
phenol/tetrachloroéthane, and

(B) about 2% to about 95% of a aliphatic—-aromatic
copolyester having an inherent viscosity of
about 0.2 to about 2.0 deciliters/gram as

15 measured at a temperature of 25°C for a 0.5 g
sample in 100 ml of a 6040 parts by weight
solution of phenol.tetrachloroethane, said
percentages being based on the weight of
component (A) plus component (B);

20 II. (A) about 5% to about 98% of a C1-C10 ester of
cellulose having a DS/AGU of about 1.7 to 2.75
and an inherent viscosity of about 0.2 to
about 3.0 deciliters.gram as measured at a

_ temperature of 25°C for a 0.5 g sample in 100

25 ml of a 6040 parts by weight solution of
phenol/tetrachloroethane, and

(B) about 2% to about 95% of a aliphatic polyester
' having an inherent viscosity of about 0.2 to
- about 2.0 deciliters.gram as measured at a

30 temperature of 25°C for a 0.5 g sample in 100
ml of a 6040 parts by weight solution of
phenol/tetrachloroethane, said percentages
beipg based on the weight of component (A)
Plus component (B); ' T

This Sheet Has Been R
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repeat units: [err] wherein [err] are selected fromone or nore of the
follow ng groups consisting of [err] alkylene or oxyal kyl ene; [err]

al kyl ene or oxyal kyl ene substituted with -one to four substituents
.independently selected fromthe group consisting of halo, [err] aryl, and
[err] al koxy; [err] cycloal kylene; [err] cycl oal kyl ene substituted with one
to four substituents independently .

III. (A) about 4% to about 97% of a C1-C10 ester of
cellulose having a DS/AGU of about 1.7 to 3.0
and an inherent viscosity of about 0.2 to
about 3.0 deciliters/gram as measured at a

5 temperature of 25°C for a 0.5 g sample in 100
ml of a 6040 parts by weight solution of
, phenocltetrachloroethane,
(B) about 2% to about 95% of an aliphatic
polyester andsor an aliphatic—-aromatic

10 copolyester having an inherent viscosity of
about 0.2 to about 2.0 deciliters.gram as
measured at a temperature of 25°C for a 0.5 g
sample in 100 ml of a 6040 parts by weight
solution of phenoltetrachloroethane,

15 (C) about 1% to about 94% of immiscible, partially
miscible, or miscible polymeric compounds
having an inherent viscosity of about 0.2 to
about 2.0 deciliters./gram as measured at a
temperature of 25°C for a 0.5 g sample in 100

20 ml of a 6040 parts by weight solution of
phenol.tetrachloroethane, said percentages
being based on the weight of component (A)
plus component (B) plus component (C);

IV. (A) about 50% to about 99% of a binary blend of

25 (I) or (II) or a ternary blend of (III) having
an inherent viscosity of about 0.4 to about
3.0 deciliters/gram as measured at a
temperature of 25°C for a 0.5 g sample in 100
ml of a 6040 parts by weight solution of

30 phenol.tetrachloroethane,

(B) about 1% to about 50% of biodegradable
additives, said percentages being based on the
weight of component (A) plus component (B);

This Sheet Has Been Reilaced




sel ected fromthe group consisting of halo, [err]
- 10a - aryl, and [err] alkoxy; [err] is selected fromone or

- 12 -

v. (A) about 95% to about 99.95% of a binary blend of
(I) or (II) or a tefnary blend of (III) having
an inherent viscosity of about 0.4 to about
3.0 deciliters/gram as measured at a

S temperature of 25°C for a 0.5 g sample in 100
ml of a 60740 parts by weight solution of
_ phenoltetrachloroethane,
(B) about 0.05% to about 5% of immiscible

hydrophobic agent, said percentages being

10 based on the weight of component (A) plus

component (B).
The present invention is also directed to:
VI. An essentially linear, random, semicrystalline
aliphatic—-aromatic copolyester which has an

15 inherent viscosity of about 0.5 to 1.8
deciliters/gram as measured at a temperature of
25°C for a 0.5 g sample in 100 mL of a 6040 parts
by weight solution of phenol-tetrachlorocethane and

_ has a melting point between 75°C and 160°C.

20 VII. A mixture of 50 to 99% of (VI) and about 1% to
about 50% of biodegradable'additives, said
percentages being based on the weight of component
(VI) plus biodegradable additives.

25 Brief Description of the Drawings

Figure 1A - Scanning electron microscopy (SEM)
photograph of the outer, smooth surface of a ceilulose
acetate (DS = 1.7) film formed by drawing a film from a
20 wt. % solution of cellulose acetate in a 5050

30 (vol.~vol.) mixture of water~acetone. Magnification is
200X.

Figure 1B — SEM photograph of the outer, smooth
surface of a cellulose acetate (DS = 1.7) film formed by
drawing a film from a 20 wt. % solution of cellulose

This Sheet Has Been RTllaced




nore of the follow ng groups consisting of [err] alkylene; [err]
~oxyal kyl ene; [err] al kylene or oxyal kyl ene substituted with one to four
substituents i ndependently selected fromthe group consisting of halo,
[err] aryl, and [err] al koxy; [err] cycloal kylene; and [err] cycl oal kyl ene
substituted with one to four substituents independently selected fromthe
group consisting of halo, [err] aryl, and [err] al koxy; [err] is selected
fromone or nore of the foll ow ng groups consisting of [err] aryl, [err]
aryl substituted with one to four substi+ukdt<s i ndependently selected from

‘the group consisting of halo, [err] alkyl, and [err] al koxy.
‘acetate in a 5050 (vol.-vol.) mixture of water~ acetone
after four days incubation in an in vitro microbial
enrichment system. Magnification is 200X.

FPigure 2A - SEM photograph of the inner, rough

5 surface of a cellulose acetate (DS = 1.7) £film formed by
drawing“a film from a 20 wt. % solution of cellulose
acetate in a 5050 (vol.,vol.) mixture of water-acetone.
Magnification is 300X.

Figure 2B — SEM photograph of the inner, rough

10 surface of a cellulose acetate (DS = 1.7) film formed by
drawing a film from a 20 wt. % solution of cellulose
acetate in a 50,50 (vol.-vol.) mixture of water~ acetone
after four days incubation in an in vitro microbial
enrichment system. Magnification is 300X.

15 Figﬁre 3 — SEM photograph of the outer, smooth
surface of a cellulose acetate (DS = 1.7) film formed by
drawing a film from a 20 wt. % solution of cellulose
acetate in a 5050 (vol.~vol.) mixture of water~acetone
after four days incubation in an in vitro microbial

20 enrichment system from which the bacteria has not been
washed. Magnification is 4,000X.

Figure 4 — SEM photograph of the inner, rough
surface of a cellulose acetate (DS = 1.7) film formed by
drawing a film from a 20 wt. % solution of cellulose

25 acetate in a 5050 (vol.~vol.) mixture of water~acetone
after four days incubation in an in vitro microbial
enricnment system from which the bacteria have not been
washed. Magnification is 4,000X.

Figure 5 — The type of cylinder used for suspending

30 film strips in wastewater basins. Strips of film 0.5

inch wide and 6 inches long of Known weight and
thickness were placed in the cylinder which was attached
to a steel cable and immersed in a wastewater basin.

\\\\\\\\\\\\\\\\\\\\\‘ﬁ“"



“Furt her enbodi nents of the invention are set forthin claim 2 to 26.

- 14 -

tai iptio t \4 io
We have found that cellulose esters form binary

blends with aliphatic polyestérs and aliphatic-aromatic
copolyesters as well as ternary blends with aliphatic

5 polyesterspolyacrylates, aliphatic polyesters.polyvinyl
acetates, aliphatic polyesters.polyvinyl alcohol,
aliphatic polyesters polyvinyl chloride, aliphatic
polyestefsxpolycarbonates, aliphatic polyesters.
polyvinyl acetate—polyethylene copolymer, aliphatic

10 polyesters/cellulose ethers, aliphatic polyesters/
polyamides, aliphatic—aromatic copolyesters.
polyacrylates, aliphatic-aromatic copolyesters.polyvinyl
acetates, aliphatic—aromatic copolyesterspolyvinyl
alcohol, aliphatic—-aromatic copolyesters.polyvinyl

15 chloride, aliphatic—aromatic copolyesters.
polycarbonates, aliphatic—aromatic copolyesters/
polyvinyl acetate-polyethylene copolymer, aliphatic—
aromatic copolyesters.cellulose ethers, or aliphatic-
aromatic copolyesters.polyamides, as well as other

20 polymers, to produce resins which are useful as molded
or extruded plastic objects, fibers, or films.
Moreover, various additives can be added to the blend to
enhance properties such as water vapor transmission
rates or biodegradability. _

25 The cellulose esters of the present invention
generally comprise repeating units of the structure:

30
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Det ai | ed Description of the Invention We have found that cellul ose
esters frombinary blends with aliphatic-aromatic copol yesters as well as
ternary blends with aliphatic-aromatic copol yesters/ pol yacryl at es,
al i phatic-aromatic copol yesters/ polyvinyl acetates, aliphatic-aromatic
copol yesters/ polyvinyl alcohol, aliphatic-aromatic copol yesters/ polyvinyl
chloride, aliphatic-aromatic copol yesters/ polycarbonates,
al i phati c-aromati c copol yesters/ polyvinyl acetate-polyethylene copol yner,
al i phatic- aromatic copol yesters/cellul osd5ethers, or aliphatic- aromatic
copol yesters/ pol yam des, as well as other polyners to produce resins which
are useful as nol ded

wherein Rl, Rz, and R? are selected independently from

the group consisting of hydrogen or straight chain
alkanoyl having from 2 to 10 carbon atoms.

_ - The cellulose esters useful in formulating the

5 blend can be a cellulose triester or a secondary
cellulose ester. Examples of cellulose triesters
include cellulose triacetate, cellulose tripropionate,
or cellulose tributyrate. Examples of secondary
cellulose esters include cellulose acetate, cellulose

10 acetate propionate, and cellulose acetate butyrate.
These cellulose esters are described in U.S. Patents
1,698,049; 1,683,347; 1,880,808; 1,880,560; 1,984,147,
2,129,052; and 3,617,201, incorpdrated herein by
reference in their entirety.

15 The cellulose esters useful in the present
invention can be prepared using techniques known in the
art or are commercially available, e.g., from Eastman
Chemical Company, Inc., Kingsport, TN, U.S.A.

The cellulose esters useful in the present

20 invention have at least 2 anhydroglucose rings and
typically have between 2 and 5,000 anhydroglucose rings;
also, such polymers typically have an inherent viscosity
(IV) of about 0.2 to about 3.0 deciliters.gram,
preferably about 1 to about 1.5, as measured at a

25 temperature of 25°C for a 0.5 gram sample in 100 ml of a
6040 by weight solution of phenol.tetrachloroethane. In
addition, the DS/AGU of the cellulose esters useful
herein ranges from about 1.7 to about 3.0. Preferred
esters of cellulose include cellulose acetate (CA),

30 cellulose propionate (CP), cellulose butyrate (CB),
cellulose acetate propionate (CAP), cellulose acetate
butyrate (CAB), cellulose propionate butyrate (CPB), and
the like. CAP and CAB are more preferred cellulose
esters. The most preferred ester of cellulose 1s CAP.

i Iiii|l|3een lleil
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or extruded plastic objects, fibers, or filns. Mreover, various additives
can be added to the blend to enhance properties such as water vapor

transm ssion rates or biodegradability. The cel lul ose esters of the
present invention generally conprise repeating units of the structure:

[err]

.10

15

20

25

30

For binary blends, the preferred esters of
cellulose for blending with éliphatic—aromatic
copolyesters are CAP and CAB. The preferred ester of
cellulose is CAP having a DS/AGU of 2.1-2.85 wherein the
DS/AGU of acetyl ester is 1-50% of the total ester
content. The most preferred CAP’'s have a DS/AGU of
2.5-2.75 wherein the DS/AGU of acetyl ester is 4-30% of
the total ester content.

For binary blends, the preferred esters of
cellulose for blending with aliphatic polyesters are Ca,
CAP, and CAB. A preferred ester of cellulose is CA
having a DS/AGU of 1.7-2.75. Another preferred ester of
cellulose is CAP having a DS/AGU of 1.7—2.75 wherein the
DS/AGU of acetyl ester is 1-50% of the total ester
content. The most preferred CAP’'s have a DS/AGU of
2.1-2.6 wherein the DS/AGU of acetyl ester is 4-30% of
the total ester content. It is also preferred that the
CAP’s have a glass transitibn temperature (Tg) of about
140°C to 180°C.

For ternary blends, the preferred esters of
cellulose for blending with aliphatic polyesters andor
aliphatic—aromatic copolyesters and-or polymeric
compounds, biodegradable additives, or hydrophobic
agents are CAP and CAB. The preferred ester of
cellulose is CAP having a DS/AGU of 1.7-3.0 wherein the
DS/AGU of acetyl ester is 1-50% of the total ester
content. The most preferred CAP’'s have a DS/AGU of
2.5-2.75 wherein the DS.AGU of acetyl ester is 4-30% of
the total ester content.

The allphatlc—aromatic copolyesters that are
useful in blends in the present invention are random

copolymers and preferably comprises repeating units of:

Thxs Sheet Has Been
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12 wherein [err] are selected independently fromthe group consisting
of hydrogen or straight chain al kanoyl having from2 to 10 carbon atons.
The cel lul ose esters useful in fornulating the

- 17 -

S IR S 1 L(Rv,d_(Rs,l}

10
wherein R4 and R7 are selected from one or more of the

following groups consisting of Cy—Cy2 alkylene or.
oxyalkylene; C,—C,, alkylene or oxyalkylene substituted
15 with one to four substituents independently selected
from the group consisting of halo, C—Ci0 aryl, and
C,—C, alkoxy; C5—C,g Cycloalkylene; Cs—C,o Cycloalkylene
substituted with one to four substituents independently
selected from the group consisting of halo, Cg—C1g 2ryl,
20 and C,—C,4 alkoxy; R% is selected from one or more of the
following groups consisting of Co—C1> alkylene or
oxyalkylene; C,—C,, alkylene or oxyalkylene substituted
with one to four substituents independently selected
from the group consisting of halo, C,~C,, aryl, and
25 Cl—c4 alkoxy; CS—Clo cycloalkylene; and CS—Clo
cycloalkylene substituted with one to four substituents
independently selected from the group consisting of
halo, Cs—C10 aryl, and C,—C, alkoxy; R® is selected from
one or more of the following groups consisting of Cs—<10
30 aryl, Cs—clo aryl substituted with substituted with one
to four substituents independently selected from the
group consisting of halo, ¢,—C, alkyl, and C,-C, alkoxy.

It is preferred that said aliphatic-aromatic

copolyester comprises 10 to 1,000 repeating units. Most
35 preferred is when said aliphatic—aromatic copelyester
comprises 15 to 600 repeating units.

In the present invention, the mole % of R
copolymer can range from 30 to 95%, and the mole % of RS
can range from 5 to 70%. A more preferred range is when

40 the mole % of R is from about 45 to 85% and the mole %
of RS is from about 15-55 mol $. The most preferred

i

5 in the



bl end can be a cellulose triester or a secondary cellul ose ester. Exanples
of cellulose triesters include cellulose triacetate, cellul ose
tripropionate, or cellulose tributyrate. Exanples of secondary cell ul ose
esters include cellul ose acetate, cellul ose acetate propionate, and

cellul ose acetate butyrate. These cellul ose esters are described in U S.
Patents 1,698, 049; 1,683,347; 1,880,808; 1,880,560; 1,984,147, 2,129, 052;
and 3,617,201, incorporated herein by reference in their entirety. The
cellul ose esters useful in the present iAvBit+on can be prepared using
techni ques known in the art or are commercially available, e.g., from

East man Chenical Cbnganx, Inc., Kingsport, TN, U S A
range n general, depend upon the needed level of

miscibility of the copolyester with the cellulose esters
and the physical properties desired. The most preferred
ranges for miscible blends is when R5 is glutarlc and

5 the mole % of R® in the copolyester ranges from 70 to
85% and the mole % of R® range from 15-30 mol%. The
most preferred ranges for partially miscible blends is
when R’ is glutaric and the mol% of R® in the
copolyester ranges from 45 to 60% and the mole % of R6

10 ranges from 40-55 mol%. Of course, the range of
miscibility of a particular blend can change as the
molecular weight of a blend component is changed. 1In
general, an aliphatic—aromatic polyester having a lower
molecular weight or inherent viscosity will be more

15 miscible with a given cellulose ester relative to the
higher molecular weight polyester.

It is preferred that the aliphatic—aromatic
copolyester has an inherent viscosity of about 0.4 to
about 1.2 as measured at a temperature of 25°C for a 0.5

20 gram sample in 100 ml of a 6040 by weight solution of
phenoltetrachloroethane.

As used herein the terms "alkyl" and "alkylene"
refer to either straight or branched chain moieties such
as —CHZ—Cﬂz—Cﬁz—CHZ— and —CH,CH(X)-CH,~. Also, all of

25 the carbon atoms of the cycloalkyl and cycloalkylene
moieties are not necessarily in the ring structure,
€.g9., a Cg cycloalkyl group can be cyclooctyl or
dimethylcyclohexyl. The term "oxyalkylene" refers to
alkylene chains containing from 1 to 4 ether oxygen

30 groups. o

One type of aliphatic polyesters useful in the
Present invention preferably comprises repeating units
of:

il



The cel lul ose esters useful in the present invention have at |east 2
anhydrogl ucose rings and typically have between 2 and 5, 000 anhydrogl ucose
rings; also, such polyners typically have an inherent viscosity (1V) of 0.2
to 3.0 deciliters/gram preferably 1 to 1.5, as neasured at a tenperature
of 25[err]Cfor a 0.5 g sanple in 100 mM of a 60/40 by wei ght solution of
phenol /tetra- chloroethane. In addition, the DS/ AGJ of the cellul ose esters
useful herein ranges from1l.7 to 3.0. Preferred esters of cellul ose include

cellul ose acetate (CA), - 19 -
3 (Ra)—O@(Rg)—E '
10

wherein R® is selected from one or more of the following

groups consisting of C,—C,, alkylene or C,—C,, Oxy-—

alkylene; C,—C;5 alkylene or C5—Cy5 oxyalkylene
substituted with one to four substituents independently

15 selected from the group consisting of halo, Cg—Cqp 2rvl,
and C,-C, alkoxy; C5—C;5 CSYcloalkylene; Cg5—C,
cycloalkylene substituted with one to four substituents
independently selected from the group consisting of
halo, cs-—c10 aryl, and cl—c4 alkoxy; R? is selected from

20 one or more of the following groups consisting of Cy~C,,
alkylene or oxyalkylene; cl—-c12 alkylene or oxyalkylene
substituted with one to four substituents independently
selected from the group consisting of halo, Cgz,—C,, aryl,
and C¢;—C, alkoxy; Cs—cld cycloalkylene; and C5;—C,,

25 cycloalkylene substituted with one to four substituents
independently selected from the group consisting of
halo, cs-lc10 aryl, and C,—C, alkoxy.

It is preferred that R® is C,—Cq alkylene, C,~Cg
Oxyalkylene, or C5—C,, cycloalkylene; and R? is Cy—C10

30 alkylene, C, oxyalkylene or Cs—Cy0 cycloalkylene.

It is more preferred that R® is C,—C, alkylene,
C,—Cg oxyalkylene, or C5—C0 cycloalkylene; and R? is
C,—C, alkylene, C, oxyalkylene or Cg—C,, cycloalkylene.

It is preferred that said aliphatic polyester

35 - comprises 10 to 1,000 repeating units. Most preferred

is when said aliphatic polyester comprises 15 to 600 -

repeating units. The terms "alkyl" and "alkylene" are
as defined above.

aced



13 For binary blends, the preferred esters of cellul ose for
bl ending with aliphatic-aromatic copol yesters are CAP and CAB. The
preferred ester of cellulose is CAP having a DS/ AGU of 2.1-2.85 wherein the

A second type of allphatlc polyester are
polyhyroxyalkanoates which are comprised of repeat units
of the following structure:

N B i

15 wherein m is an integer of 0 to 10, and R0 is selected
from the group consisting of hydrogen; C,—C,, alkyl;
C,—C4, alkyl substituted with one to four substituents
independently selected from the group consisting of

20 halo, Cg—C;, aryl, and C,—C, alkoxy; C5—C,, cycloalkyl;
and Cs—C;o Cycloalkyl substituted with one to four
substituents independently selected from the group
consisting of halo, Cg—Cyq aryl, and C,-C, alkoxy.

For the purpose of this invention aliphatic

25 polyester is defined as an aliphatic polyester which
does not contain significant quantities of carbonate
linkages. Furthermore, polyester is defined as a
polyester prepared'by a condensation process or by a
biological process.

30 Typical polymeric compounds for ternary blends
include polyacrylates such as polymethyl methacrylate
(PMMA) , polyethyl methacrylate (PEMA), or copolymers
thereof such as those which are commercially available
from Rohm and Haas. Polyvinyl acetate, polyvinyl

35 alcohol, polyvinyl chloride, and polyvinyl acetate-—
polyethylene copolymers are also useful in ternary
blends and are common commercial polymers which are
available from companies such as Air Products and
Chemicals, Inc. Polycarbonates, available from GE

40 Plastics, are also useful in ternary‘blends. Cellulose
ethers are commercially available from companies such as
Aqualon Co. and are also useful in ternary blends.
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DS/ AGU of acetyl ester is 1-50% of ‘the total ester content. The nost
preferred CAP's have a DS/ AGU of 2.5-2.75 wherein the DS/ AGU of acetyl

ester is 4-30%of the total ester content. ~ For ternary blends, the
preferred esters of cellulose for blending with aliphatic-aromatic

copol yesters and pol yneri c conpounds, bi odegradabl e additives, -or

hydr ophobi ¢ agents are CAP and CAB. The preferred ester of ceIIquse I s CAP
havi ng a DS/ AGU of 1.7-3.0 wherein the DS/ AGU-of acetyl ester is 1-50% of
the total ester content. The nost preferr@d €AP's have a DS/ AGU of 2.5-2.75
wherein the DS/ AGU of acetyl ester is 4-30% of the total ester content.

Th | i phat t I t t hat
e aliphatic- gr va |geg?po ?? g;fon 3 wgggh is available from Ashley

Polymers, Inc., is also hlghly useful in ternary blends.
For this invention, preferred polyacrylates are PMMA.
The preferred polyvinyl alcohols are those that are

- 5—-60% hydrolyzed and have a molecular weight of 1,000 to
30,000. The preferred cellulose esters are
hydroxypropyl cellulose (HPC) and hydroxypropyl methyl
cellulose (HPMC). The preférred polyvinyl acetate will
have a molecular weight of 1,000 to 1,000,000.

10 Typical biodegradable additives for binary and
ternary blends of this invention include micro—
crystalline cellulose, cellulose monoacetate, starch and
other carbohydrates. The preferred materials are micro—
crystalline cellulose, available from FMC, or starch,

15 available from National Starch Co., which typically have
a particle size of 1-200 microns; the preferred particle
size is 0.1-15 microns. Also preferred are cellulose
monoacetates which have a DS/AGU of 1.2 to 0.4 and will
be either water soluble or water swellable. '

20 Typical immiscible hydrophobic agents include
paraffin, monoacyl carbohydrates, and monoglycerides.

An example of a monoacyl carbohydrate is 6-O-steryl—
glucopyranoside. The preferred hydrophobic agents are
monoglycerides containing C12—-C18 fatty acids. These

25 monoglycerides containing C12-C18 fatty acids may also
be optionally acylated with 5-95% acetyl, propionyl,
butyryl, or succinyl groups. The more preferred
monoglycerides are those containing C16-C18 fatty acids.
The most preferred hydrophobic agent is glyceryl

30 monostearate. ' .

The preparation of polyesters and copolyesters is
well known in the art (U.S. Patent 2,012,267,
incorporated herein by reference in its entirety). Such
reactions are usually carried out at temperatures from

eet Has Been Re(ilaced
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useful in blends in the present invention are random copol yners and
conprise repeating units of:

10

15

20

25

30

14

150°C to 300°C in the presence of polycondensation
catalysts such as titanium tetrachloride, manganese
diacetate, antimony oxide, dibutyl tin diacetate, zinc
chloride, or combinations thereof. The catalysts are

typically employed in amounts between 10 to 1000 ppm,

based on total weight of the reactants. For the purpose
of the_preSent invention, a representative aliphatic
polyester is the polycondensation product of dimethyl-
glutarate and 1,6-hexanediol. This polyester, poiy—
(hexamethylene glutarate), is produced when dimethyl—
glutarate and 1,6-hexanediol are heated at approximately
210°C for 4 hours and then at 260°C for 1.5 hours under
vacuum in the presence of 100 ppm of Ti. A
representative aliphatic—aromatic copolyester is
poly(tetramethylene glutarate-co-terephthalate)
containing 30 mole per cent terephthalate. This
polyester is produced when dimethylglutarate, dimethyl
terephthalate, and 1,4-butanediol are heated at 200°C
for 1 hour then at 245°C for 0.9 hour under vacuum in
the presence of 100 PPm of Ti present initially as
Tl(olPr)4

It is preferred that said aliphatic-aromatic
copolyester for use in blending is prepared from any
polyester forming combination of dicarboxylic acids or
derivatives thereof, and diols. Said dicarboxylic acids
are selected from the group consisting of the following
diacids: malonic, succinic, glutaric, adipic, pimelic,
azelaic, sebacic, fumaric, 2,2-dimethyl glutaric,
suberic, 1,3-cyclopentanedicarboxylic, 1,4-cyclohexane—
dicarboxylic, 1,3-cyclohexanedicarboxylic, diglycolic,
itaconic, maleic, 2,5-norbornanedicarboxylic,
1,4~terephthalic, 1,3-terephthalic, 2,6-naphthoic,
1,5-naphthoic, and ester forming derivatives thereof,
and combinations thereof,_and said diols are selected

This Sheet Has Been Reimced
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[err] 10 - wherein [err] are selected fromone or nore of the
follow ng groups consisting of [err] al kyl ene or oxyal kyl ene; C2-C12
al kyl ene or oxyal kyl ene substituted 15 wth one to four substituents

i ndependent |y sel ected fromthe group consisting of halo, C6-Cl0 aryl,
and [err] al koxy; [err] cycloal kylene; [err] cycl oal kyl ene
substituted with one to four substituents independently

- 23 -

from the group consisting of ethylene glycol, diethylene
glycol, propylene glycol, 1,3-propanediol,
2,2-dimethyl-1,3—-propanediol, 1,3-butanediol,
1,4-butanediol, 1,5-pentanediol, 1,6-hexanediol,

5 2,2,4-trimethyl~1, 6~hexanediol, thiodiethanol,
1,3~cyclohexanedimethanol, 1,4-cyclohexanedimethanol,
2,2,4,4-tetramethyl-1,3—-cyclobutanediol, triethylene
glycol, tetraethylene glycol, and combinations thereof.

Specific examples of preferred aliphatic—aromatic
10 copolyesters for blending include poly(tetramethylene
glutarate—co~terephthalate—co-diglycolate) [5045/5],
poly(tetramethylene glutarate—co-terephthalate) ([50.50],
poly(tetramethylene glutarate-co—-terephthalate) ([60-40],
poly(tetramethylene glutarate-co-terephthalate) [70.30],
15 poly(tetramethylene glutarate—co-terephthalate) [85.15],
poly(ethylene glutarate—co-terephthalate) [70.30],
poly(tetramethylene adipate—co—tefephthalate) [85-15],
poly(tetramethylene succinate—co—terephthalate) [85/15],
and poly(tetramethylene—co-ethylene glutarate—co— .
20 terephthalate) [50.50,70./30].
The aliphatic-aromatic copolyesters (referred to as
AAPE herein) that are useful in the present invention
without requiring blending of a significant amount of
another component are essentially linear, random

25  copolymers and preferably comprise repeating units of:
10 —anzu)og(nn)g}- and —EO(RIZJOE(R:M)E}
35 wherein R!! and R!2? are the same and are selected from

the groups consisting of C2-C8 alkylene or oxylalkylene;
rRY3 is selected from one or more of the groups
consisting of C0-C8 alkylene or C2—C4 oxyalkylene, and
_ the mole % of R*3 is from about 95-35%; rR'? is selected
40 from the group of C6-C10 aryl, and the mole % of R14 is e
o ced

i



selected fromthe group consisting of halo, [err] aryl, 20 and [err]

al koxy; R5 is selected fromone or nore of the fol |l owi ng groups
consisting of [err] al kylene or oxyal kyl ene; [err] al kyl ene or
oxyal kyl ene substituted with one to four substituents independently
sel ected fromthe group consisting of halo, C6-Cl0 aryl, and 25

[err] al koxy; [err] cycloal kyl ene; and [err] cycl oal kyl ene .
substituted with one to four substituents i ndependent|ly sel ected from
the group consisting of hal o, [err]24ryl, and [err] al koxy; [err] is
selected from one or nore of the follow ng groups consisting of [err]

s %oy o1 B M At o Shof B o
hal o, [err] al ”_reatthexgame and are selected from C2-C4
alklyene; R!3 is selected from one or more of the groups
consisting of C2-C6 alkylene or C2 oxyalkylene, and the
5 mole % of R'3 is from about 95-40%; R is
1,4-disubstituted—Cé aryl, and the mole % of R* is from
about 5-60%. The most preferred compositions for these
AAPE are those prepared from the following diols and
diacids (or polyester forming derivatives thereof) in
10 the following mole $: '

(1) Glutaric acid (30-65%); diglycolic acid (0-10
mol%); terephthalic acid (25-60%); 1,4—butanediocl
(100 molek).

(2) Succinic acid (30-85%); diglycolic acid (0-10%);

15 terephthalic acid (5-60%); 1,4—butanediol (100
mole%).

(3) Adipic acid (30-65%); diglycolic acid (0-10%);
terephthalic acid (25-60%); 1,4-butanediol (100
mole%). |

20 Specific examples of preferred AAPE for
applications where blending is not required include
poly(tetramethylene glutarate—co—-terephthalate—co-
diglycolate) ([50/45./5], poly(tetramethyléne glutarate—
co—terephthalate) [{50/50), poly(tetramethylene

25 glutarate—co—terephthalate) [60./40], poly(tetra—

methylene glutarate—co—terephthalate) [40.760],

poly(tetramethylene succinate—co—terephthalate) [85-15],

poly(ethylene succinate—co—terephthalate) ([70.30],

poly (tetramethylene adipate—co—terephthalate) [85.15],

30 - and poly(tetramethylene succinate—co—-terephthalate)

(70-30].

It is preferred that said aliphatic polyester is
prepared from any polyester formlng comblnatlon of the

follow1ng- Replaced
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It is preferred that said aliphatic-aromatic copol yester conprises 10
to 1,000 repeating units. Mst 35 preferred.is when said
al i phati c-aromatic copol yest er conprises 15 to 600 repeating units.

In the present

i nvention, the nole %of [err] in the copol ynmer ‘can

range from 30 to 95% and the nole % of [err] can range froms5 to
70% A nore preferred range i s when 40 the nole % of R5 is from about 45
to 85% and the nole % of [err] is fromabout 15-55 nol % The nost

preferred

10

15

20

25

30

(i) hydroxy acids, _

(ii) dicarboxylic acids or derivatives thereof, and
(iii) diols.

Said hydroxy acids are selected from the group
consisting of 4-(hydroxymethyl)cyclohexanecarboxylic
acid, hydroxypivalic acid, é-hydroxyhexanoic acid,
glycolic acid, lactic acid, ester forming derivatives
thereof, and combinations thereof; said dicarboxylic
acids are selected from the group consisting of the
following diacids: malonic, succinic, glutaric, adipic,

_ pimelic, azelaic, sebacic, fumaric, 2,2-dimethyl

glutaric, suberic, 1,3—cyclo—pentanedicarboxylic,
1,4~cyclohexanedicarboxylic, 1,3—cyclohexane—
dicarboxylic, diglycolic, itaconic, maleic,
2,5-norbornanedicarboxylic, ester forming derivatives
thereof, and combinations thereof; and said diols are
selected from the group consisting of ethylene glycol,
propylene glycol, 1,3-propanediol, 2,2~dimethyl-1,3-
propanediol, 1,3-butanediol, 1,4-butanediol,
1,5—-pentanediol, 1,6-hexanediol, 2,2,4~trimethyl-1,6—
hexanediol, thiodiethanol, 1,3—cyclohexanedimethanol,
1,4—cyclochexanedimethanol, 2,2,4,4-tetramethyl-1,3-
cyclobutanediol, diethylene glycol, triethylene glycol,
tetraethylene glycol, and combinations thereof.

Specific examples of preferred aliphatic polyesters
include, polyhydroxybutyrate, a copolymer of poly-
hydroxybutyrate and polyhydroxyvalerate, poly(hexa—
methylene glutarate), poly(hexamethylene adipate),
poly(ethylene sebacate), poly(tetramethylene glutarate),
poly(tetramethylene adipate), poly(tetramethylene
sebacate), poly(ethylene glutarate), poly(ethylene
succinate), poly(tetramethylene succinate), or
poly(ethylene adipate):

cet Has Been Reilaced
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ranges, in general, depend upon the needed |level of mscibility of the
- copol yester with the cel lul ose esters and the physical properties desired.
The nost preferred ranges for miscible blends is when [err] is glutaric and

10

15

20

25

30

- 26 —

Other aliphatic polyesters useful in the present
invention are polyhydroxyalkanoates that are derived
from biological sources. A number of laboratories (cf.
Makromol. Chem., 191, 1957-1965 (1990); J. Bacteriol.,
154, 870 (1983); Macromolecules, 22, 1106 (1989)) have
demonstrated that microorganisms, e.g., Pseudomonas
@leovorans, Alcaligenes eutrophus, Bacillus megaterium,
Rhodospirillum rubrum, can accumulate polyhydroxy—
alkanoates containing alkyl pendant groups when grown on
either n—alkanes or n—alkanoic acids under nutrient
limiting conditions. In the case of P. oleovorans, a
polyhydroxyalkanoate with a phenyl pendant group can be
produced._ The polymer forms as intracellular granules
which provides the cell with a reserve of fatty acid in
a form that is osmotically inert. When the
microorganism is faced with energy or starvation
conditions the polymer is degraded as a food source;
hence, bacterial polyhydroxyalkancates are inherently
biodegradable.

Polyhydroxyalkanoates derived from biological
Sources are rarely homopolymers. During biosynthesis,
carbon segments, typically two carbon fragments, are
either removed or added to the original alkanoate

resulting in the formation of a copolymer (Int. J. Biol.

Macromol., 11, 49-55 (1989)). For example, when P.
oleovorans is fed either n-octane or n—octanoic acid as

the only carbon source, the product produced is a

copolymer which contains mostly C6 and C8 units.

Any of the blends, AAPEs, films, plastic objects,
and fibers of the invention can optionally additionally
comprise 0.001 to 50 weight per cent, based on the total
weight of the composition, of at least one additional
additive selected from a non-polymeric plasticizer, a
thermal stabilizer, an antioxidant, a pro—oxidant, an

This Sheet
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the nole % of [err] in the copolyester ranges from 70 to 85% and thé nole
%f [err] range from 15-30 nol % The nost preferred rangepd dhbet BN Bebidohiced
m scible blends is when [err] is glutaric and the nol % of |

copol yester ranges from45 to 60% and the nole % of [err] r§ !’H‘l‘ﬂ uwm
nmol % O course, the range of mscibility of a particular

as the nol ecul ar weight of a blend conponent is changed. In general, an

al i phati c-aromatic pol yester having a | ower nol ecul ar wei ght or i nher ent
viscosity will be nore mscible with a gi 28n—cel | ul ose ester. relative to

t he hi gher nol ecul ar wei ght pol yester. It is preferred that the

al i phati c-aromatic copol yester has_an inherent viscosity_ of about 0.4 to
acid scavenger, an ultraviolet light stabilizer, a

promoter of photodegradation, inorganics, and colorants.
Typical non-polymeric plasticizers include dioctyl
adipate, phosphates, and diethyl phthalate.

5 Representative inorganics include talc, Tioz, CacCo,,
NH,Cl, and silica. Colorants can be monomeric,
oligomeric, and, of course, polymeric. Preferred
polymeric colorants are aliphatic polyesters, aliphatic-—
aromatic copolyesters, or aromatic polyesters in which

10 the color producing monomer, i.e., a dye, is covalently
incorporated into the polymer. Such representative
polymeric colorants are described by Weaver et al. in
U.S. Patents 4,892,922, 4,892,923, 4,882,412, 4,845,188,
4,826,903, and 4,749,773 and are incorporated herein by

15 reference in their entirety. These polymeric dyes are
represented by poly(tetramethylene terephthalate)
containing 10% 1,5-bis(O—carboxyanilino) anthraquinone.

Of course, it is also preferred, but not required,
that the blends of the invention, as well as the films,

20 plastic objects, and fibers prepared from the blends, be
compatible and-ror biodegradable. The preferred blends,
films, plastic objects, and fibers are compatible as
evidenced by improved mechanical properties, having a
single Tg, andror being substantially clear or

25 substantially non-hazy. It is also preferred, but not
required, that the AAPE, as well as the films, plastig
objects, and fibers prepared from the AAPE be

biodegradable.
Films made from the blends have good tensile
30 properties and can be very flexible depending upon the

type of cellulose ester and aliphatic polyesters,
aliphatic—-aromatic copolyesters, and-or polymeric
compound selected. Many of the films have good optical
properties, i.e., are preferably substantially clear;



about 1.2 as neasured at a t enperature of 25[err] C for—a-0.5_gram sanple in

100 Ml of a 60/40 by wei ght solution of phenol/tetrachl oroethane. ™ As
used herein the terms "alkyl™ and "al kyl ene" refer t@; Beaii Rplaglfgt Or

branched chain noieties such as [err] . Aso, all tons of
t he cycl oal kyl and cycl oal kyl ene noi eties are not ne Mﬁe ring

structure, e.g., a [err] cycloal kyl group can be cycl ooctyl or
di met hyl cycl ohexyl . The tern1"oxya|kyleng'zéeLers to al kyl ene chains
containing from1l to 4 ether oxygen groups. '

the films can also contain significant quantities of
colorant (i.e., pigment or dye). Because these films '
can contain dyes or pigments, extensive purification of
PHA, such as PHB, to remove cellular material is not.

5 required.

For film used in environmentally non-persistent
applications, it is preferred that the blend used to
make the film be comprised of a cellulose ester with a
DS of (2.1-2.75) and with a high Tg (140-180°C). Since

10 the blends of this invention generally exhibit a Tg
which can be predicted from the equation, Tgy5 = Tglw%l
+ quw%z, use of a cellulose ester with a higher Tg
permits the incorporation of more polyester into the
blend than is possible when using a cellulose ester with

15 a lower Tg while still maintaining equivalent blend
Tg’s. Moreover, we have surprisingly found that because
the lower DS cellulose ester generally has a higher
modulus, incorporation of more polyester in the blend
with the low DS cellulose ester leads to films with

20 equivalent mechanical properties to films made from
blends composed of a cellulose ester with a lower Tg and
lower polyester content. Incorporation of more
polyester in the blend is highly desirable since the
blends with higher polyester content will biodegrade at

25 a faster rate.

Of course, many of the AAPEs of this invention
which do not require blending are also useful in film
applications. While these AAPE do not have as high as a
melting point as poly(ethylene terephthalate), the AAPE

30 have higher melting points that are generally observed
with aliphatic polyesters and are therefore useful in
many applications, particularly those requiring
biodegradability. Succinic acid based AAPEs show
'particularly good utility in these applications due to



For the purpose of this invention, polyester is defined as a pol yester
prepared by a condensation process or by a biological process.
pol yneri c compounds for ternary bl ends e ==
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their relatively high melting points. These
copolyesters have been shown to be degradable even
though they are semicrystalline and contain substantial
amounts of aromatic groups. ' Furthermore, diglycolic
acid has been found to be a useful comonomer for these
AAPE because it aids in the initial breakup of the
films. |

These AAPEs are also particularly useful in molded
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parts, extruded objects, fibers, non—wovens, and foamed

objects which benefit from being biodegradable. Films
and fibers made from these copolyesters can be oriented.
Orientation in many of these copolymers (especially
those containing 1,4-butanediol) is accompanied by
improved physical properties and a change from being
opaque to being clear. AAPE films can be oriented
uniaxially or biaxially and can be oriented in a blown
film operation.

The blends and-or AAPE of this invention are useful
in packaging applications where thin films are
desirable. Many of the blends and-or AAPE of this
invention are particularly useful as thin barrier films
where they must function as a barrier andor be
biodegradable. For example, these blends are useful as
protective barrier films and may be used in disposable
absorbent articles such as infant diapers, incontinence
briefs, sanitary napkins, tampons, bed liners, bedpan
liners, bandages, and the like. It is preferred that
the films of the invention have a tangent modulus of 2.5
x 10° psi to 0.01 x 10° psi, a tensile strength of at
least about 0.5 x 103 psi, an average tear force of at
least about 7.0 g-mil, and an elongation at break of at
least about 5%. Also preferred is wherein said films
have a thickness of about 0.1 mil to about 20 mil and a



I ncl ude polyacrylates such as pol ynet hyl nethacrylate (PMVA), pol.yethyl
met hacryl ate (PEMA), or copol ymers thereof such as those which.are~"

comercially avail abl e from Rohm and Haas. PonVLnyI acetate oI nyI
al cohol, polyvinyl chloride, and pol yvinyl acetate- opolyners
are also useful in ternary blends and are conmon c s whi ch-
are avail abl e from conpani es such as Air Products an

Pol ycar bonat es, available from GE Plastics, are al so |n ternary

bl ends. Cellul ose ethers are comerci al |y 3Qat| abl e fron1conpan|es such as
Aqual on Co. and are also useful in ternary bl ends.

water vapor transmission rate less than about 500 g
milm3-24 hours.

The blends andr/or AAPEs of this invention can also
be used in the other parts of disposable diapers. 1In

5§  addition to being used as a protective barrier film,

these blends and/or AAPEs can be used as tabs,
nonwovens, fibers, tape, and other parts needed in the
construction of a diaper.

We have found that films prepared from these binary

10 and ternary blends of cellulose esters as well as from
AAPEs have desirable moisture barrier properties. With
the blends, the specific rates can be modified by
modification of the blend composition. For example, the
water vapor transmission rates can be controlled by the

15 amount of aliphatic polyester, aliphatic—aromatic
copolyester, or polymeric compounds present in the
binary or ternary blends. The water vapor transmission
rates can also be controlled by the amount of aromatic
dicarboxylic acid monomer preseht in the aliphatic-

20 aromatic copolyester component of the blend. Of course,
the water vapor transmission rates of the blends can be
additionally controlled by the addltlon of an immiscible
hydrophobic agent.

The blends andr/or AAPEs of this invention are also

25 useful as molded plastic parts or as solid, foamed
plastic objects. Examples of such parts include
eyeglass frames, toothbrush handles, toys, automotive
trim, tool handles, camera parts, razor parts, ink pen
barrels, disposable syringes, bottles, and the like.

30 The plastic parts, especially those made by a foamed
method which gives the plastic part increased surface
area, of this invention are partiéularly useful in
applications were it is desired that the plastic part be
environmentally non—persistent. Injection molding bars



17 Pol yam des, e.g., nylon 6 which is available from Ashl ey
Polyners, Inc., is also highly useful in ternary blends. _ _--—For this
i nvention, preferred polyacrylates are PMVA ' o 1aced

Vi

made from the blends and/or AAPE of the invention
typically have a flexural modulus of 5.0 X 10° psi to
0.1 X 10° psi, a flexural strength of 13 X 103 psi to
0.1 X 10° psi, and a notched Izod (23°C) of 1.0 to 25

5 ft-lbsin. It is preferred that the molding bars have a
flexural modulus of 3.8 X 10° psi to 1.5 X 103 psi, a

flexural strength of 11.4 X 103 psi to. 4 X 103 psi, and
a notched Izod (23°C) of 2 to 15 ft-lb,in.
The blends and-or AAPE of this invention are also

10 useful as fibers. Examples of fiber applications
include cigarette filters, diaper topsheet, sanitary
napkins, fishing line, fishing nets, fiber for producing
surgical clothing, hygiene articles, absorbent fibers,
fibers for conveying liquids, and the like. We have

15 found that, in addition to being spun from an
appropriate solvent, the blends and/or AAPE of this
invention can be melt—spun to produce fibers with
excellent strength. The fibers can be oriented by
drawing the fiber after spinning or by orientation

20 during the spinning (cabinet orientation). Fibers
produced from the blends and-or AAPEs have excellent
shape retention even for fibers with complex crbss—
sectional shapes. We have also found that the fibers
can be readily crimped. Fiber produced from the blends

25 andsor AAPEs typically have a denier/filament (DPF) of
30-0.1. The preferred denier is 10-1.5 DPF. For fluid
management, the fiber can contain hydrophobic agents or,
optionally, can be coated with hydrophobic agents.

The blends, films, plastic objects, and fibers

30 prepared from the blends of the invention have a melt
temperature between about 120°C-and about 280°C. The
preferred melt temperature range from 150°C to 190°C.
Also, such blends, films, plastic objects, and fibers
have a glass transition temperature (Tg) as measured by



The preferred polyvinyl alcohols are those that are 5 5-60% hydrol yzed
and have a nol ecul ar weight of 1,000 to 30,000. The preferred
cellul ose esters are - hydroxypropyl cellulose (HPC) and hydr oxypropyl
met hyl cellul ose (HPMC). The preferred pol yvinyl.-acetate wll

have a nol ecul ar wei ght of 1,000 to 1,000, 000. 10 ) TeQ{'l Feen Re Jaced
bi odegr adabl e additives for binary and ternary. b ' \
i nvention include mcro- crystalline cellulose;, ¢ g

nonoacet ate, starch and ot her car#®oBRdrates. The materi al s
are mcro- crystalline cellulose, available fromFMC, or starch, 15
avai l able from National Starch Co., which ty icallg have .a particle
si ze of 1-200 Mi&fsrentipd scanaingdcpaprimpsry (DSCYj 9F A¥NEmICI5 njcrons

Al so preferrednichaidldall ¢hermal analysis (DMTA) of about 25°C to
about 200°C. The preferred range for the glass
transition temperatures is 50°C to 100°C. The blends

5 and films are also preferably non—tacky.

The preferred AAPE of this invention and products
made therefrom have melting points between 75°C and
160°C. The more preferred range is between 80°C and
140°C.

10 For the blends of the invention containing
cellulose esters and aliphatic—aromatic copolyesters,
the preferred level of polyester in the blend depends,
in general, upon the desired level of miscibility of the
blend and upon the needed physical properties. A

15 preferred range is when component I(B) is present in an
amount of about 5% to about 75% and component I(A) is
present in an amount of about 25% to about 95% and that
component I(A) have a DS of 2.1-2.75. When it is
desirable to have higher tensile strength, flexural

20 strength, and flexural modulus in molded plastic objects
and the like, a more preferred range is when component
I(B) is present in an amount of about 5% to about 25%
and that component I(B) has an I.V. of 0.2-2.0 and
component I(A) is present in an amount of about 75% to

25 about 953% and that component I(A) have a DS of 2.1-2.75.
When it is desirable that the blend used for the molded
plastic part be'miscible, that is optically clear, it is
preferred that component I(B) have an I.V. of 0.3-0.6
and be present in the amount of 5-25%. When it is

30 desirable to have lower modulus blends for applications
such as films, bottles, fiber, and the like, a more
preferred range is when component I(B) is presenﬁ‘in an
amount of about 30% to about 75% and component I(A) is
present in an amount of about 25% to about 70% and that



nonoacet at es whi ch have a DS/AGU of 1.2 to 0.4 and wi || be ei-ther

wat er sol uble or water swell able. 20 Typi cal - +ﬂﬂT§ETbIe hydrophoblc
agents incl ude paraffin, nonoacyl carbohydrates q@ﬂs eder i des.
An exanpl e of a nonoacyl carbohydrate is 6-0- stery[ﬂl‘ls ran05|de
The preferred hydrophobic agents are nDnoegce

Cl2-C18 fatty acids. These 25 nonogl yceri des conta 8 fatty
acids may al so be optionally acyl ated wi th 5-95@6acety| propi onyl
butyryl, or succinyl groups. The nore prETéPrEd nnnoglycerides are

t hose contai ning Cl16-Cl8 fatty acids. The nost -preferred hydrophobic

agent 1S 31 YCer Yorinen® 30 °AL86%a DS of 2.1-2195.P"RREAALEODS!
deSLrable to have a miscible blend useful in films,
bottles, fiber, and the like, a more preferred range is
when component I(B) is present in an amount of about 30%
5 'to about 55%, R is_glutaric present in the 70-85%
range, and component I(A) is present in an amount of
about 45% to about 70% and that component I(A) have a DS
of 2.5-2.75. The most preferred partially miscible
blend useful in films is when component I(B) is present
10 in an amount of about 60% to about 75%, R5_is glutaric
present in the 45-60% range, and component I(A) is
present in an amount of about 25% to about 40% and that
component I(A) have a DS of 2.5-2.75.
For the blends of the invention containing
15 cellulose esters and aliphatic polyesters it is
preferred that component II(B) is present in an amount
of about 10% to about 60% and component II(A) is present
in an amount of about 40% to about 90% and that
component II(A) have a DS of 2.1-2.7. Most preferred is
20 when component II(B) is present in an amount of about
35% to about 55% and component II(A) is present in an
amount of about 45% to about 65% and that component
ITI(A) have a DS of 2.1-2.5.
For the blends of the invention containing
25 cellulose esters and-sor aliphatic polyesters and-or
aliphatic—-aromatic copolyesters and or polymeric
compounds it is preferred that component III(B) is
present in an amount of about 10% to about 50%,
component III(A) is present in an amount of about 40% to
30 about 88% and that component III(A) have a DS of
2.1-2.75, and that component III(C) is present in the
amount of 2% to 10%. Also preferred is when component
III(B) is present in an amount of about 2% to about 10%,
component III(A) is present in an amount of about 40% to



well known in the art (U S. Patent 2,012, 267, I ncorporated herein by

reference inits entirety). Such reactions are-ustally—ear+i-ed-out at
R - . mﬁlslliiﬂtliliilreelnlieriiced
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about 88% and that component III(A) have a DS of
2.1-2.75, and that component III(C) is present in the
amount of 10% to 50%. Additionally preferred is when
component III(B) is present in an amount of about 40% to
5 about 88%, component III(A) is present in an amount of
about 2% to about 10% and that component III(A) have a
DS of 2.1-2.7, and that component III(C) is present in
- the amount of 10% to 50%. Also preferred is when
component III(B) is present in an amount of about 10% to
10 about 503%, component III(A) is present in an amount of
about 2% to about 10% and that component III(A) have a
DS of 2.1-2.7, and that component III(C) is present in
the amount of 40% to 88%. Another preferred range is
when component III(B) is present in an amount of about
15 20% to about 40%, component III(A) is present in an
amount of about 20% to about 40% and that component
III(A) have a DS of 2.1-2.7, and that component III(C)
is present in the amount of 20% to 40%.
For the binary and ternary blends containing
20 biodegradable additives it is preferred that component
IV(B) is present in an amount of about 1% to about 10%
and component IV(A) is present in an amount of about 90%
to about 99%.
For the binary and ternary blends containing
25 immiscible hydrophobic agents it is preferred that
component V(B) is present in an amount of about 0.1% to
about 1% and component V(A) is present in an amount of
about 99% to about 99.9%.
Physical mixing of the components to form a blend
30 can be accomplished in a number of ways such as mixing
the components in the appropriate solvent (e.g.,
acetone, THF, CHZCIZ/MeOH, CHC13, dioxane, DMF, DMSO,
AcOMe, AcOEt, pyridine) followed by film casting or
fibgr extrusion. The blend components can also be mixed



150[err]C to 300[err]C in the presence of polycondensation catal ysts such
as titaniumtetrachl ori de, manganese di acetate, antinbny oxide, di butyl—tin

di acetate, zinc chloride, or conbinations thereof. Therga§ial¥al Se.fkSlaced
typically enployed in ambunts between 10 to 1000 ppm b I ght
of the reactants. A representative aliphatic-aromatic c mayﬂ”

pol y(tetranet hyl ene gl utarate-co-terephthal ate) containi cent

terepht hal ate. This polyester is produced when di net hyl gl utarate, dinethyl
terephthal ate, and 1, 4-butanedi ol are heat3-=at 200[err]C for 1 hour then
at 245[err]C for 0.9 hour under vacuumin the presence of 100 ppm of Ti

present initialyy ffermally compounding. The most preferred method is
by thermally compounding in an apparatus such as a
torque rheometer, a single screw extruder, or a twin
screw extruder. The blends produced by thermally
5 compounding can be converted to thin films by a number
of methods known to those skilled in the art. For
example, thin films can be formed by dipcoating as
described in U.S. Patent 4,372,311, by compression
molding as described in U.S. Patent 4,427,614, by melt
10 extrusion as described in U.S. Patent 4,880,592, by melt
blowing, or by other similar methods. The blends can be
converted to molded plastic objects By injection molding
as well as by extrusion into a sheet from which an
_ object is cut or stamped. The thermally compounded
15 blends can be used for melt extrusion of fiber as well.
The fibers and films prepared from the blends
andsor the AAPE of the present invention are useful in
applications where protective barrier films are
desirable. For example, they may be used in absorbent
20 articles such as infant diapers, incontinence briefs
(adult diapers), sanitary napkins, tampons, bed liners,
bedpans, bandages, and the like. The biodegradable
films, fibers, AAPE, and blends of the invention are
particularly useful in disposable articles because of
25 environmental considerations. The blends and-or films
of the invention can also be used to make non—absorbent
articles such as packaging materials (for example, foam
sheets for packaging), food bags, trash bags,
agricultural compost sheets, film base for tape and
30 photographic film, as well as solid plastic articles
such as syringes and camera cases.
Biodegradable materials, such as the preferred
barrier films of this invention, are materials that are
comprised of components which, by microbial catalyzed



[err] It is preferred that said aIiphatfc-ardnatic_pngL¥esLeLMfor use
in blending is prepared fromany pol yester formnng conbi nati on of
di carboxylic acids or derivatives thereof, and di opg sheelis BléncReplessy| i c

acids are selected fromthe group consisting of the ' ci ds:
mal oni ¢, succinic, glutaric, adipic, pinelic, azélai“nmk mari c,
2,2-dimethyl glutaric, suberic, 1,3-cyclopentanedic I'C,

1, 4-cycl ohexane- di carboxylic, 1, 3-cyclohexanedi carboxylic, diglycolic,
i taconic, naleic, 2,5-norbornanedi carboxyB36ct 1, 4-terephthalic,

1, 3-terephthalic, 2,6-naphthoic, 1,5-naphthoic, and ester formng

derivatives thereof, and conbinations_thereof; and_said q&gls gﬂqbselected
degradation, are reduced in f;lm or fiber strengt Y

reduction in polymer size to monomers or short chains
which are then assimilated by the microbes. In an
aerobic environment, these monomers or short chains are

5 ultimately oxidized to CO,, H,0, and new cell biocmass.
In an anaerobic environment the monomers or short chains
are ultimately oxidized to CO,, H,, acetate, methane,
and cell biomass. Successful biodegradation requires
that direct physical contact must be established between

10 - the biodegradable material and the active microbial
population or the enzymes produced by the active
microbial population. An active microbial population
useful for degrading the films and blends of the
invention can generally be obtained from any municipal

15 or industrial wastewater treatment facility in which the
influents (waste stream) are high in cellulose
materials. Moreover, successful biodegradation requires
that certain minimal physical and chemical requirements
be met such as suitable pH, temperature, oxygen

20 concentration, proper nutrients, and moisture level. We
have found that certain cellulose esters are biodegrad-
able in conventional wastewater treatment facilities and
in an in yvitro enrichment system and hence are
particularly useful in the preparation of blends to be

25 used for barrier films and fibers in disposable
articles. We have also found that many of the blends
and AAPE degrade in a composting environment and hence
are useful in the preparation of materials to be used as
environmentally nonpersistent materials.

30 The following examples are to illustrate the
invention but should not be interpreted as a limitation
thereon.



19 fromthe group consisting of ethylene egCoI, di et hyl ene glycol,

propyl ene gl ycol,

10

15

20

25

30

1, 3- propanedi ol ,

B&mRTimﬂd

o R,

In the following examples, the blends were prepared

by three general methods:

(1)

(ii)

the blend components are shaken together before
compounding at the appropriate temperature in a

‘Rheometrics Mechanical Spectrometer. The

resulting resin is typically ground to 5 mm
particle size and a portion is pressed between
two metal plates at a temperature above the melt
temperature of the resin to form a melt pressed
film; '

blends of the cellulose esters and polyesters
were prepared by compounding on a 30 mm Werner—
Pfleiderer twin screw extruder. The typical
procedure is as follows: Two separate feed
systems, one for the cellulosic and one for the
polyester were utilized for this method of melt
blending. The cellulose ester was added as a dry
powder in Zone 1 and the polyester was added as a
viscous liquid in Zone 3. The cellulose ester
was added at the desired rate using an AccuRate
feeder through a hopper into the barrel of the
extruder. The polyester was pre—heated under
nitrogen and was poured into a heated feed tank.
The polyester was maintained under a nitrogen
atmosphere and gravity fed through a stainless
steel line to a gear pump which transferred the
molten material through a stainless steel line
(12 inch outer diameter) into the barrel of the
extruder. All lines for this feed system were
heated and insulated. The production rate of the
extruder is in the range of 10-50 pounds./hr. The
zone temperatures are set depending on the exact



2, 2-di met hyl - 1, 3- propanedi ol , 1, 3-but anediol, 1, 4-butanediol,
1, 5-pentanedi ol, 1,6-hexanediol, 2,2,4-trinethyl-1, 6-hexanediol,
t hi odi et hanol, 1, 3-cycl ohexanedi net hanol , 1, 4-cycl ohexanedi-ret-hanot,

2,2,4,4-tetramet hyl -1, 3-cycl obut anediol, triethylene gl goumhgﬁ fehdud ene
gl ycol, and conbinations thereof. Speci fic exanpl
al i phatic-aromatic copol yesters for bl ending include pdl jﬂ ene

gl ut ar at e- co-t erepht hal at e-co-di gl ycol ate) [50/45/5], yl ene
gl utarate-co-terephthal ate) [50/50], poly 38t Fanet hyl ene

gl utarate-co-terephthal ate) [60/40], poly(tetranethylene
glutarate-co-terephthalate) [70/30], poly(tetranethylene

gl ut ar at e- co- t er epht ha|R'8irg &f) £the pedyesteryradethe cellulose ester

gl utarate- co-t er epht halarice)gene¥aldl, vary in the range of about 100°C to
250°C. Afterwards, the two strands of material
exiting the extruder were quenched in water and
5 chopped with a CONAIR JETRO pelletizer.
~(i1ii) blends of the cellulose esters and polyesters
' were prepared by compounding on a 30 mm Werner—
Pfleiderer twin screw extruder. The typical
procedure is as follows: A single feed system was
10 utilized for this method of melt blending. The
cellulose ester and the polyester were dry
blended and added as a solid in Zone 1. The dry
blend was added at the desired rate using an
AccuRate feeder through a hopper into the barrel
15 of the extruder. The production rate of the
extruder is in the range of 10-50 pounds/hr. The
zZone temperatures are set depending on the exact
nature of the polyester and the cellulose ester
and generally vary in the range of about 100°C to
20 250°cC. Afterwards, the two strands of material
exiting the extruder were quenched in water and
| Chopped with a CONAIR JETRO pelletizer.
The tensile strength, break to elongation, and
tangent modulus of the films are measured by ASTM method
25 D882; the tear force is measured by ASTM method D1938;
the oxygen and water vapor transmission rates are
measured by ASTM methods D3985 and F372, respectively.
The tensile strength and elongation at break for molded
Pieces are measured by ASTM method D638; the flexural
30 strength and modulus by ASTM method D790; the Izod
impact strength by ASTM method D256; the heat deflection
temperature by ASTM method D648. Inherent viscosities
are measured at a temperature of 25°C for a 0.5 gram
sample in 100 ml of a 6040 by weight solution of



pol y(tetramet hyl ene adi pat e-co-terephthal ate) [85/15],

pol y(tetranet hyl ene-succi nat e-co-terepht hal at e) [85/15T*—and——“ '

pol y(tetranet hyl ene-co-et hyl ene gl ut ar at e-co- terephth %ﬁ%ﬂﬁé q( gw§0]
The aliphatic-aromatic copolyesters (referred to as

useful in the present invention w thout requiring blend| m ﬁi |cant
anount of anot her conponent are essentlally | i near, rand and
preferably conprise repeating units of: [err] wherein [err] are the

sane and are selected from

phenol/#etrachloroethane. Dynamic mechanical thermal .
analysis (DMTA) spectra were collected using a Polymef
Laboratories Mk II at 4°C.omin and 1 Hz.
Abbreviations used herein are as follows: "IV" is

5 inherent viscosity; "g" is gram; "psi" is pounds per
square inch; "cc" is cubic centimeter; "m" is meter;
"rpm" is revolutions per minute; "DSPr" is degree of
substitution per anhydroglucose unit for propionyl;
"DSAc" is degree of substitution per anhydroglucose unit

10 for acetyl; "DSBu" is degree of substitution per
anhydroglucose unit for butyryl; "BOD" is biochemical
oxygen demand; "vol." or "y is volume; "wt." is weight;
"mm" is micrometer; "NaOAc" is sodium acetate; "nm" is
not measured; "CE" is cellulose ester; "PE" is

15 pPolyester; "DOA" is dioctyl adipate; "HDT" is heat
deflection temperature; "WVTR" is water vapor
transmission rate; "mil" is 0.001 inch. Relative to the
clarity of the films, "+" indicates a transparent film
characteristic of a miscible blend; "+" indicates a hazy

20 film characteristic of a partially miscible film; "—»
indicates an opaque film characteristic of a immiscible
blend; "AAPE" is aliphatic-aromatic copolyester and, as
used herein, refers to the copolyesters where blending
is not required. Relative to naming of the cellulose

25 ester, "CAP" is cellulose acetate propionate; "CA" is
Cellulose acetate; "CAB" is cellulose acetate butyrate.
Relative to naming of the polyester, representative
examples are: "PTS(T) (85.-15]" is poly(tetramethylene
succinate—co-terephthalate) were the mole per cent of

30 succinate to terephthalate is 85-15; "“PTA(T) [85-15]" is-
poly(tetramethylene adipate—co—terephthalate) were the
mole per cent of adipate to terephthalate is 85.15;
"PTG(T) [8515]" is poly(tetramethylene glutarate-co—
terephthalate) were the mole per cent of glutarate to



oxyal kyl ene, and the nole % of [err] is 95-35% [err]

the'groups consi sting of C2-C8 al kyl ene or oxyIaIker%?;R13 is-seLecggﬁ
group of C6-CI0 aryl, and the nole %of [err] is ”

fromone or nore of the groups consisting of CO C8 al 7&11-1957602-04
Wiy

terephthalate is 85-15; "PTG(T) (D) [6035/5]" is
poly(tetramethylene glutaratéhco—terephthalate—co—
diglycolate) were the mole per cent of glutarate to
terephthalate to diglycolate is 60/35/5; "PTG(N)

5 (85-15]" is poly(tetramethylene glutaratcho—
naphthalate) were the mole per cent of glutarate to
naphthalate is 85.-15; "PES" is poly(ethylene succinate);
"PHS" is poly(hexamethylene succinate); "PEG" is
poly(ethylene glutarate); "PTG" is poly(tetramethylene

10 glutarate); "PHG" is poly(hexamethylene glutarate);
"PT(E)G [5050]" is poly(tetramethylene—co—ethylene
glutarate) were the mole % of tetramethylene to ethylene
is 5050; "PEA" is poly(ethylene adipate); "PDEA" is
poly(diethylene adipate); "PHA" is poly(hexamethylene

15 adipate). Other abbreviations are: "TEGDA" is
triethylene glycol diacetate; "PVA" is poly(vinyl
acetate); "PMMA" is poly(methyl methacrylate); "PEMA" is
poly(ethyl methacrylate). MYVAPLEX 600 is the trade
name for concentrated glyceryl monostearates and is

20 available from Eastman Chemical Company. MYVAPLEX
concentrated glyceryl monostearate is a 90% minimum
distilled monoglyceride produced from hydrogenated
soybean oil which is composed primarily of stearic acid
esters. MYVACET is the trade name for distilled _

25 acetylated monoglycerides of modified fats. The per
cent acetylation of MYVACET 507 ranges from 48.5 to
51.5; the per cent acetylation of MYVACET 707 ranges
from 66.5 to 69.5; the per cent acetylation of MYVACET
908 is a minimum of 96. MYVEROL is the trade name for

30 concentrated glyceryl monostearates and is available
from Eastman Chemical Company. MYVEROL is very similar
to MYVAPLEX except that the distilled monoglyceride is
produced from different fat sources.



20 5-65% Mbre preferred AAPE are those wherein [ errt™ and [ ¢ [err ggﬁhe

sane and are selected from C2-C4 al kylene; R13 is selec nnre
of the groups consisting of C2-C6 al kyl ene or C2 oxyalky

% of [err] is 95-40% [err] is 1,4-disubstituted-C6 ary ‘%
of [err] is 5-60% The nost preferred conpositions for th AAPE are those

prepared fromthe followi ng diols and diacids (or polyester formng
derivatives thereof) in the foll ow ng m)l__e‘g? (1) GQutaric acid (30-65%;
di gl ycolic acid (0-10 - _

EXAMPLE 1 :

Blends of cellulose acetate propionate (DS
0.10, DSp,. = 2.64, IV =1, 3) and aliphatlc—aromatlc
copolyesters and films made from the blends were

5 prepared using the standard procedures. Glass

transition temperature were measured by DMTA and were
calculated using the Fox-Flory equation. The results
are given in Tables I and II.
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and pol y(tetranet

met hyl ene gl ut arat e-co-terephthal ate) [40/60],

succi nat e-co-terephthal ate) [85/15],
succi nat e-co-terephthal ate) [70/30],

adi pat e-co-terephthal ate) [85/15],
succi nat e-co-terepht hal ate) [70/30].
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24 Any of  the blends AAPEs, filns, plastic obyeetS' and fibers of
the invention can optionally addltlonally conprise -0.001 t w&ﬂght per
cent, based on the total weight of the conpositi Ofhis$hket

additional additive selected froma non-polyneric “ \

stabilizer, an antioxidant, a pro-oxidant, an

therwm

- 44 -

The IV data from Table I illustrates that the _
molecular weight of the blend components are preserved
in the blending process. As the clarity indicates, the
films were transparent which is characteristic of

5 miscible blends. .

Table I demonstrates that each of the blends
involving 20% aliphatic—aromatic copolyester (entries 1,
3, 5, 8, 14, 17, 20, 22, 27, and 29) had an experimental
Td,5 which was 14 to 37°C higher than the Td44

10 calculated for each blend. The 40% aliphatic—aromatic
copolyester b;ends involving a €4 diacid (entry 2), a Cé
diacid (entry 4), or a Ci10 aromatic diacid (entry 30)
also showed a 18, 11, and 25°C, respectively, positive
deviation of the experimental Tg,, from the theoretical

15 Td15- Within the family of 40% aliphatic—aromatic
copolyester involving a C5 aliphatic diacid, the
experimental Tg,, of entries 6, 10, 16, 19, and 21
(15-30% C6 aromatic diacid) showed good agreement with
the theoretical Tg;5, (+¥10°C). In contrast, the

20 experimental Tg;,’s of the 40% PTG(T) blends containing
5, 10, and 40% C6 aromatic diacid showed a 27, 23, and
52°C, respectively, positive deviation from the
calculated value. In the series of 10-70% PEG(T)
{70-30] (entries 7-12), the 10-30% blends showed a

25 positive deviation of the experimental T,, from the
calculated values, the 40-55% blends had Tg,5'S which
showed excellent agreement with the calculated Tg,,’S,
and the 70% blend showed multiple Tg‘s characteristic of
a partially miscible blend. 1In contrast, the series of

30 20-70% PTG(T) [60.40] blends (entries 22-25) either had
multiple Tg;,'s or Tg,,’'s that were quite different from
theoretical. At very high levels of aliphatic—-aromatic
copolyester (cf. entry 26), single Tg’'s were_observed.
Analysis of this type suggests that blends of cellulose

35 esters with aliphatic—-aromatic copolyester involving a



22 - acid scavenger, an ultraviolet light stabilizer, a

pronoter of phot odegradation, inorganics, and col orants——- ‘“Tyblcal
non- pol ynmeric plasticizers include dioctyl anfmwd

- 45 —

C5 aliphatic diacid are generally miscible in
approximately the 30-55% range when the aromatic portlon
of the copolyesters is approximately 15-30%. Aliphatic—
aromatic copolyester blends involving a C5 aliphatic

5 diacid outside of the 30-55% range exhibit varying
levels of miscibilities. Blends involving other
aliphatic diacids alsc exhibit varying levels of
miscibilities through a wider range.

Blend miscibility is also strongly dependent upon

10 . the molecular weight of the polyester. In general, a
low I.V. polyester will give a wider window of
miscibility.

Cellulose esters typically have high WVIR (>500 g

mil 100 in?-24 h). As Table II shows, all of the

15 CAP-raliphatic—-aromatic copolyester blends have WVIR less
than 500 g mil/100 in®-24 h. Table II also demonstrates
that a wide range of physical properties for materials
prepared from the blends are possible depending upon the
blend components and blend composition. Many of the

20 aliphatic—aromatic copolyester blends gave unexpected
and unusual physical properties. For example, the
tangent modulus (Table II) for the 20% blends were, for
the most part, surprisingly high relative to the CAP
(2.1 X 105 psi). With the exception of the blends

25 involving PTG(T) ([70..30] and PTG(T) (60-40], the tangent
moduli all remained above 1.5 X107 psi. Even more _
surprising was the tensile strength for the 20% blends.
*With the exception of the PTG(T) [60-40] blend, the
tensile strength of these blends were all above 5.0 X

30 103 psi; in some cases the tensile strength was improved
relative to the CAP (5.5 X 103). In general, with the
exception of the PTG(T) [6040] blends, all of the
blends involving 20% aliphatic—aromatic copolyester
behaved very similar to the blend major component,

35 cellulose acetate propionate. In effect, we were able



adi pat e, phosphates, and di et hyl phthalate. 5 Repr-esent.ative inorganics

I nclude talc, [err] [err] and silica. Cblorant Lan be nnnonerlc

ol i goneric, and, of course, polyneric. Preferred . eﬂrants
are ,aliphatic polyesters, aliphatic- ~aromatic t ﬂ

aromati c polyesters in which 10 the col or producin a dye,
I's covalently I ncorporated into the polyner. Such representatlve

pol ynmeric colorants are described by Véaver et al. in U S. Patents
4,892,922, 4,892,923, 4,882,412, 4,845, 13846 4,826,903, and 4,749,773

and are |ncorporated hereln by 15 reference in their entirety. These

pol yneri c dyes
cont ai ni ng 10%

10

S5Ceyper s ERLERRN AP, RIcHRLIF S LA uhdiant Tl

much different physical properties than the cellulose
ester blend component, for cellulose ester w1thout’
lowering, and in some case improving, the mechanical
properties inherent to the cellulose acetate propionate.

EXAMPLE 2

Blends of cellulose esters and succinate polyesters
and films therefrom were prepared using the standard
procedures. The results are given in Tables III and IV.



of course, it is also preferred, but not required, that the bl ends of
the invention, as well as the filnms, 20 pl astic objects, and fibers

prepared fromthe bl ends, be conpatlble and/ or- -bi-odegr adabl e. The
preferred bl ends, films, plastic objects, and flbﬁkéyﬁgmmnﬁ 4 ple as
evi denced by inproved nechani cal properties, having g,

and/ or being substantially clear or 25 substanti al | ' t is

al so preferred, but not requi red, that the AAPE, I as the fil ns,
pl astic -obj ects, and fibers prepared'frbn1the AAPE be

bi odegr adabl e. Films nmade fromthe bl ends have good tensile 30
properties and can be very flexible dependi ng upon t he type of .

cel lul ose ester and aliphatic pol yesters,
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Many of the filns have good optical

al i phatic-aromatic copol yesters,
substantially clear;
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the filnms can al so contain significant quantities of cblorant i.e.,

pi gment or dye). Because these filns can contain dyes—er-plgnents
extensive purification of PHA, such as PHB, t0 renove c

material is not 5 required. For f|In1q§ssmﬁ ntaIIy
non- per si st ent applications, it is preferred th sed to
make the filmbe conprised of a cellulose ester with

(2.1-2.75) and with a high Tg (140- 180[errlC3 Since the bIends of
this invention generally exhibit a Tg T ch can be predicted fromthe

equation, [err] = [err] + [err] use of a cellulose ester with a higher
Tg permts the $REOFPOILLL OFrdl FHLFe PAEY o5 filstilted Bhat the
molecular weight of the blend components are preserved
in the blending process. As the clarity indicates, the
films were transparent which is characteristic of
5 miscible blends. Furthermore, the Tg of the blend was
measured for representative samples. Entries 34 and 36
had a single Tg of 80°C and 70°C, respectively. A
single Tg is also characteristic of miscible blends. As
Table IV demonstrates, a very wide range of physical
10 properties for materials prepared from the blends are
possible by proper selection of the blend composition.

EXAMPLE 3
Blends of cellulose esters and glutarate polyesters
1s and films therefrom were prepared using the standard
procedures. The results are given in Tables V and VI.
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50% PTG
40% PTG
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40% PTG
40% PTG
35% PTG
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applications. Wile these AAPE do not have as high as a mel ting point
as poly(ethylene terephthal ate), the AAPE 30 have hi gher nelting points

that are generally observed with aliphatic polyesters and are

therefore useful in many applications, particularly these requiring

bi odegradability. Succinic acid based AAPEsS show Partlcularly good
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copol yesters

t hough they are semcrystalline

anounts of aromatic groups.

acid has been found to be a useful

it aids

Furt her nore,

conpnoner for these

e

These
in the initial breakup of the films.
I n nol ded -
- 52 -

relatively high nmelting points.

have been shown to be degradabl e even

and contai n substanti al

di gl ycolic

their

5
These AAPEs are al so particularly useful

AAPE because
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parfs, extrudéd obj ects, fibers, non-wvens, and foaned 10 obj ects which

benefit from being bi odegradable. Filns and fibers nmade fromthese
copol yesters can be oriented. Orientation in many of these copol ynmers

(especially t hose containing 1, 4-butanediol) is acconpani ed by
i nproved physical properties and a change frombeing 15  opaque to -being
clear. AAPE filns can be oriented uniaxially or biaxially and cgn be

oriented in a bl own filmoperation._ 53 _ TR shéceHaiBe ¢ AAPE
of this invention are useful i n packagi ng applica j n
filme are 20 desirable. Many of the blends and/ or Mmm‘mm

invention are particularly useful as thin barrier filns wher e t hey

must function as a barrier and/or be
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bi odegr adabl e.
barrier filnms and may be used in di sposable 25 absorbent articles such

as infant diapers, incontinence briefs, sanitary napki ns; " tanpons,

bed |liners,

t hat
[err]

wherein said . filns

and a

psi

10

15

For exanple, these blends are useful as protective

bedpan liners, bandages, and the |i Kihis Shbet s err ed
the films of the invention have a tangent no aced
to 0.01 x [err] psi, atensile strength of at ! ‘Hbout
0.5 x [err] psi, an average tear force of at - |east : /ml,
and an el ongation at break of at | Ba2¢ @bout 5% Also preferred is .
have a thickness of about 0.1 m| to about 20 mil

The IV data from Table V illustrate that the molecular
weight of the blend components are preserved in the '
blending process. As the clarity indicates, the films
were transparent which is characteristic of miscible
blends. Furthermore, the Tg of the blend was measured
for representative samples. Entries 37, 49, 51, 54, 55,
59, and 74 had a single Tg of 120, 70, 125, 72, 66, 108,
and 70°C, respectively. A single Tg is also
characteristic of miscible blends. As Table VI
demonstrates, a very wide range of physical properties
for materials prepared from the blends are possible by
proper selection of the blend composition.

EXAMPLE 4
Blends of cellulose esters and adipate
polyesters and films therefrom were prepared using the

standard procedures. The results are given in Tables VII

and VIII.

X



25

wat er vapor transm ssion rate |ess than about 500 g ml/[err]-24 hours.

The bl ends of this invention can also be used in the other parts of

di sposabl e di apers.

25

- 55

In addition to
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bei ng used as a protectlve barrier film these blends can be used as tabs,
nonwovens, fibers, tape, and other parts needed in the construction of a
di aper. We have found that filnms prepared fromthese binary and
ternary bl ends of cellulose esters with AAPEs have desirabl e noisture
barrier properties. Wth the blends, the specific rates can be nodified by
nodi fication of the blend conposition. For exanple, the water vapor
transm ssion rates .can be controlled by .t kg anount of aliphatic-aromatic
copol yester, or polyneric conpounds present in the binary or ternary

bl ends. The water vapor transm ssion rates can also be controlled by the
anount of aromatic dicarboxylic acid nononer present in the

al i phati c-aromatic copol yester component of the bl end.
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O . course, the water vapor transm ssion rates of the blends can be
additionally controlled by the addition of an inm scible hydrophobic agent.
The bl ends and/ or AAPEs of this invention are also useful as nolded

pl astic parts or as solid, foanmed plastic objects. Exanples of such parts
i ncl ude eyeglass franes, toothbrush handles, toys, autonotive trim tool
handl es, canmera parts, razor parts, ink pen barrels, disposable syringes,
bottles, and the like. The plastic parts, especially those nade by a
foamed nethod which gives the plastic parg7i-acreased surface area, of
this invention are particularly useful in applications were it is desired

that the plastic part be
The IV data from Table VII illustrate that the molecular

weight of the blend components are preserved in the
blending process. As the clarity indicates, the films
were transparent which is characteristic of miscible

S blends. Furthermore, the Tg of the blend was measured
for representative samples. Entries 80 and 84 had a
single Tg of 78 and 130°C, respectively. A single Tg is
also characteristic of miscible blends. As Table VIII
demonstrates, a very wide range of physical properties

10 for materials prepared from the blends are possible by
proper selection of the blend compositidn.

EXAMPLE S
Blends of cellulose esters and aliphatic polyesters
15 containing different additives and films therefrom were

prepared using the standard procedures. The film of

entries 96-101, 104, and 105 are blown film where T

means transverse direction and M means machine

direction. The results are given in Tables IX and X.
20
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i nventi on

I nj ection nol ding bars
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made fromthe bl ends and/ or AAPE of the

environnmental | y non-persistent.
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typically have a flexural nodulus of 34.5 x 102 MPa-0.69 x 10 MPa (5.0 x
[err] psi to 0.1 x [err] psi), a flexural strength of 89.63 x [err].
kPa-0.69 x [err] kPa (13 x [err] psi to 0.1 x [err] ©psi), and a notched
lzod (23[err]C) of 1.0 to 25 ft-Ib/in. It is preferred that the nol ding
bars have a flexural modulus of 26.2 x 102 MPa-10.34 x [err] MPa (3.8 x
[err] psi to 1.5 x 10 psi), a flexural strength of 78.6 x [err] kPa-27.6 X
[err] kPa (11.4 x [err] psi to 4 x [erL]SQsL), and a notched | zod
(23[err]C) of 2 to 15 ft-1b/in. Thé "bl ends and/ or AAPE of this
invention are also useful as fibers. Exanples of fiber applications
include cigarette filters, diaper topsheet, sanitary napkins, fishing |ine,
fishing nets, fiber for producing )
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surgical clothing, hygiene articles, absorbent fibers, fibers for conveying
liquids, and the Iike. W have found that, in addition to being spun from
an appropriate solvent, the blends and/or AAPE of this invention can be
melt-spun to produce fibers with excellent strength. The fibers can be
oriented by drawing the fiber after spinning or by orientation during the
spi nning (cabinet orientation). Fibers produced fromthe blends and/or
AAPEs have excel |l ent shape retention even for fibers with conplex cross-
sectional shapes. W have also found that the fibers can be readily
crinped. Fiber produced fromthe bl ends and/or AAPEs typlcally have a

denier/filanment (DPF) of 30-0.1. The préf%ﬂréd deni er |s 10-1.5 DPF. For
fluid This Sheet Has Been
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managenent, the fiber can contain hydrophobic agents or, optionally, can be
coated wi th hydrophobi c agents. The bl ends, filnms, plastic objects,
and fibers prepared fromthe blends of the invention have a nelt

t enper ature between about 120[err] C and about 280[err]C. The. preferred
melt tenperature range from 150[err]C to 190[err]C. Alsce such bl ends,
films, plastic objects, and fibers have a glass transition tenperature
(Tg) as neasured by tenperature between 120[err] C and 280[err]C. The
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Table X (Cont’d.)
Mechanical Properties and Tear Strength of Films Prepared
From Cellulose Ester/Polyester Blends Containing Representative Additives
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27 differential scanning calorinetry (DSC) or dynam-c

mechani cal thernal analysis (DMIA) of about 25[err]C to about

200[ err]C. The preferred range for the gl ass transition tenperatures
is 50[err]C to 100[err]C. The blends 5 and filnms are also preferably
non-t acky. The preferred AAPE of this invention and products

- 62 —

As Table IX demonstrates, the blends of this invention
can contain many different types of additives ranging
from pro-oxidants (cf. entries 88-90), inorganics (cf.
entries 91-95, 104,105), organic additives which are

5 highly biodegradable (cf. 96-101, 103), polymer dyes and
pigments (cf. 104 or 105), to monomeric plasticizers
(c£.102) among others. Entries 88—90,'102 were
transparent while entries 91-99, 103 were transparent
but, as expected, hazy due to the inorganics or organics

10 added to the blend. Entries 99 and 100 were white
because of the Tio2 while 104 and 105 were blue because
of the Tio2 and dye; these examples show that the blends
can be readily pigmented or dyed. As can be seen from
Table X, these additives have little or no effect on the

is mechanical properties or tear strength of films prepared
from the blends (cf. Tables X and VI). Hence, additives
e.g., CaCO; or microcrystalline cellulose which promote
biodegradation can be added to the blends while
maintaining a wide range of physical properties for

20 materials prepared from the blends by proper selection
of the blend composition.

EXAMPLE 6
Ternary blends of cellulose acetate propionaﬁe with
25 a DS/AGU of 2.74, aliphatic polyesters, and a third
polymer component were prepared using the standard
procedures. Table XI gives the mechanical properties,
tear strength, and clarity of the films made from the
blends.
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I n general,
bl end and upon the needed physi cal

made t herefrom have nelting points between 75[err]C and
nore prefer;ed rangeis between 80[err]C and
-.the blends of the invention containing

preferred range i s when conmponent
about 5% to about 75% and conponent

about 25%to about 95% and t hat

When

al i phatic-aromati c copol yesters,

t he bl end depends,

of the

gth, flexural 20
| astic objects

tensile stren
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| (A) have a DS of 2.1-2.75. Wen it is

conmponent
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desirable to have a mi'scible blend useful in films, bottles, fiber, and the
like, a nore preferred range is when conponent |1(B) is present in an anount
of about 30%to about 55% [err] is glutaric present in the 70-85% range,
and conponent |(A) is present in an anpunt of about 45%to about 70% and

t hat conponent | (A) have a DS of 2.5-2.75. The nost preferred partially

m sci bl e bl end useful in filnms is when conponent 1(B) is present in an
anount of about 60%to about 75% [err] is glutaric present in the 45-60%
range, and conponent | (A) is present in an anount of about 25%to about 40%
and that conmponent | (A) have a DS of 2. 35275 For the bl ends of the

i nvention containing cellulose esters, aliphatic-aronmatic copol yesters
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and pol yneric conpounds it is preferred that conponent I1(B) is present in
an anount of 10%to 50% conponent [I11(A) is present in an anount of 40%to
88% and that conponent I11(A) have a DS of 2.1-2.75, and that conponent

11 (C) is present in the anbunt of 2% to 10% Al so preferred is when
conponent 11 (B) is present in an anmount of 2% to 10% conponent 11 (A) is
present in an anount of 40%to

-~ 67 -

As Table XI shows, cellulose-esters and aliphatic
polyesters or aliphatic—-aromatic copolyesters can be
blended with other polymers to form either miscible or
partially miscible ternary blends which have excellent
5 physical properties. Entries 112, 116, 117, 119-130,

' 132, 133, 135, and 136 are examples of miscible ternary
blends while the remaining examples are ternary blends
which are partially miscible. These blends can, of
course, contain immiscible additives demonstrated in

10 Example 5 or in Example 7 (vide infra).

XAMPLE 7
' Ternary blends of cellulose esters and aliphatic

polyesters or aliphatic—aromatic copolyester, and a

15 hydrophobic additive were prepared using the standard
procedures. Tables XII and XIII gives the DSAGU, IV,
and clarity of the blends as well as the mechanical
properties, tear strength, and water vapor transmission
rates of the films made from the blends.
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I mm sci bl e hydrophobi c agents it is preferred that conponent V(B) is
present in an anmount of 0.1%to 1% and conponent V(A) is present in an
“amount of 99%to 99. 9% Physi cal m xing of the conponents to forma

bl end can be acconplished in a nunber of ways such as mxing.the conponents
in the appropriate solvent (e.g., acetone, THF, CH err] Bierr]/l\/bCH

CHCl[ err], dioxane, DWF, DMSO, AcOwe, AcCEt, yr|d| ne) I#ﬁl’/f ﬁ[’aced

casting or fiber extrusion. The bl end conponents can al
The examples of Tables XII and XIII illustrate that

hydrophobic additives can be added to blends of
cellulose esters and aliphatic polyesters or
aliphatic-aromatic copolyesters to control water vapor

5 transmission rates of materials prepared from the blends
without loss of mechanical properties or tear strength.
For example, the WUTR of the films prepared from a
CAP/PTG blend containing 0.25-1% MYVAPLEX 600 was
controlled between 244 to 103 g mil 100 in2-24 hours (cf

10 entries 143-146). With increasing hydrophobic additive,
the WVIR decreased until the WVTIR leveled off at around
1% additive.

EXAMPLE 8

15 Preparation of a 6535 blend of CAP(DSA =0.10,
DSp,=2.64) /poly(tetramethylene glutarate) on the 30 mm
W—P twin screw extruder was performed under the
following conditions according to the general procedure.

20 Feed rate for poly(tetramethylene glutarate) = 15.0
lb/hr
Feed rate for CAP = 28.0 lbrhr
Total output from extruder = 43 lb/hr
Feed Line temperature = 190°C
25 RPM of the Screw = 207
Torque = 30%
Extruder zone temperatures: Zone 1 = 180°C;
Zones 2-7 = 230°C

30 EXAMPLE 9 :

Other blends, including 10, 20, and 40 wt. %
polytetramethylene glutarate with CAP (DSAC=O.1O,
Dspr=2.64) were also prepared on the W—P extruder
according to the general procedure except that the

35 polyester was added by mixing solid poly(tetramethylene



REPLACEMENT SHEET 30 by thermal |y
conpoundi ng.. The nost preferred nmethod is by thernally conpouridi ng . in an
apparatus such as a torque rheoneter, a single screM/extr@Hemkﬂ a twin--—"

screw extruder. The bl ends produced by thermally conmpoundi //InRiIaced )

converted to thin filns by a nunber of nethods known to t
the art. For :

- 71 —

glutarate) with CAP(DSp =0.10, DSp =2.64) and feeding
both materials into Zone 1 of the extruder under
otherwise similar conditions.

5 EXAMPLE 10
Blends prepared as in Examples 8 and 9 were molded
on a Toyo 90 injection molding machine under the
following conditions. These conditions should not be
. considered the ideal conditions, but are typical of
10 those that can be used on blends of this type.

Nozzle temperature = 200°C
Zone 1 temperature = 210°C
Zone 2 temperature = 210°C
15 Zone 3 temperature = 190°C
Zone 4 temperature = 180°C
Melt temperature = 215°C
Injection and Hold Pressures = 750 psig
Mold temperature = 14°C
20 Screw speed = 75 rpm

EXAMPLE 131 _
The physical properties of the blends prepared as

in Example 10 are shown in Table XIV as well as physical
25  properties of the CAP containing 12% monomeric
plasticizer. '



exanple, thin filnms can be fornmed by dipcoating as descri-bed in U S. Patent
[err], 372,311, by conpression nolding as described in U S. Patent

4,427,614, by nelt extrusion as described in U S. Patent 4,880,592, by nelt
bl owi ng, or by other simlar nethods. The blends.qa% be converted to nol ded
pl astic objects by injection nolding as well as by ds@g,, 1 Nt 0 a sheet
fromwhich an object is cut or stanped. The thermﬁ // gtedp| ends
can be used for nelt extrusion of fiber as well. - and filnmns
prepared fromthe blends of the present invention are use

applications where protective barrier filns are desirable. For exanple,
they may be used in absorbent articles _ 92 —

Table XIv

Physical Properties of Blends of CAP (DS,_=0.10,
Dspr=2.64) and Poly(Tetramethylene Glutarate)

s
lzroger')cy 10% PTG 20% PTG 35% PTG 40% PTG 12% DOA
units
Tensile 7.9 5.3 2.8 2.3 4.76
10 strgngth 7
(10° psi)
Elongation 14 41 72 93 27
at break
15 (%)
Flexural 3.3 2.1 0.78 0.18 2.16
Modglus
(10~ psi)
20
Izod Impact 1.7(C) 4.6(C) 15.4 12.9 7.43
23°C (PB) (NB)
(£t-1b/in)
25 HDT 81 54 41 NT 67
(°C)

This example demonstrates that aliphatic polyesters

blend components are very effective non—volatile, non—

30 extractable polymeric additives. These blends offer
many superior physical properties relative to a CAP
containing a monomeric plasticizer. For example,
relative to the a CAP containing 12% DOA, the blend
containing 10% PTG has superior tensile strength,

35 flexural modulus, and a higher heat deflection
temperature.

EXAMPLE 12

The physical properties blends prepared as in
40 Example 10 are shown in Table XIV. |



such as infant diapers, incontinence briefs (adult diapers), sanitary
napki ns, tanpons, bed |iners, bedpans, bandages. The bi odegradable fil ns,
fibers, AAPE, and blends of the invention are particularly useful in

di sposabl e articles because of environnental considerathﬁpi. The bl ends

andor films of the invention can also be used to nmake no Replaced
articles such as packaging materials (for exanple, foam

packagi ng), food bags, trash bags, agricultural conpost ase
for tape and photographic film as well as solid plastic articles su as
syringes and canera cases. Bi odegradabl e materials, such as the
preferred barrier films of this inventiop, are materials that are
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conprised'of conponents which, by mcrobial catalyzed

31

10

15

i

This example demonstrates that aliphatic—aromatic
polyesters blend components are very effective non-
volatile, non—extractable polymeric additives. These
blends offer many superior physical properties relative
to a CAP containing a monomeric plasticizer. For
example, relative to the a CAP containing 12% DOA, all
of the above blends at similar polymer content have
superior tensile strengths, flexural moduli, and
flexural strengths as well as higher heat deflection
temperatures. This example alsoc teaches some of the
physical property differences between a miscible, i.e.,
PEG(T) ([70-30], cellulose ester-aliphatic—aromatic blend
and a partially miscible, i.e., PEG(T) [60.40],
cellulose ester-aliphatic—-aromatic blend. In general,
the partially miscible blend offers superior Izod impact
strengths, particularly at —40°C.

EXAMPLE 13



degradation, are reduced in filmor fiber strength by reduction in

pol ynmer size to nononers or short chains whi ch are then assim |l ated. by
the mcrobes. In an aer obi ¢ envi ronnent, these nononers-orShort
chains are 5 ultimately oxidized to C[err], Herr]0, and nqugahmqmmﬂ

bi onass. In an anaerobi c environnment the nononers THS v
are ultimately oxidized to CO[err], Herr], acetate, neth 1&
ysi cal

cell biomass. Successful biodegradation requires th
contact nust be established between 10 t he bi odegradabl e material and.the
active mcrobial popul ati on or the enzynmes produced by the active
m crobi al popul ation. An active microblayspopul ati on useful for
degrading the films and bl ends of the invention can generally be
obt ai ned from any nuni ci pal .
o
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I ndustrial wastewater treatnent facility in which the

15 or

I nfluents (waste stream are high in cellul ose mat eri al s. Moreover
successful biodegradation requires t hat certai n _m_ni mal--physical and
chem cal requirenments be net such as suitable pH tenperatu

found that certain cellulose esters are bi odegr ad-

20 concentration, proper nutrients, and noisture IeﬂmbShee‘W“‘““

conventional wastewater treatnment facilities and.
enrichment system and hence are particularly useful in the pr

of blends to be 25
articles.

eﬁgg(ygen

epar ation

used for barrier filnms and fibers in disposable

We have al so found that many of the bl ends and AAPE degr ade
in a conposting environnent and hence - 7@r-e useful in the preparation of
materials to be used as .

These examples illustrate that films prepared from
aliphatic—-aromatic copolyesters have very high
elongation, high tear strengths, low WVTR, and low
moduli and hence are useful in film applications.

5 : .
EXAMPLE 14 — The physical properties of AAPE molded bars
Table XVII
10 Physical Properties of AAPE
Property PTS(T) PTS(T) PTG(T)
(units) [85,15] [70/30] [50-50]
15 Tensile
Strength - 2.89 1.79 1.51
(10° psi)
Elongation
20 at break 482 384 437
(%)
Flexural
Modulus 0.57 0.20 0.13
25 (10° psi)
Izod Impact
23°C 6.0 (NB) 6.5 (NB) 3.2 (NB)
(£t-1brin)
30
Izod Impact
—-~40°C 0.44 (CB) 0.86 (CB) 8.23 (NB)
(ft-1br/in) : :
35 This example demonstrates that AAPEs have very high
elongation at break, low flexural modulus and excellent
Izod Impacts.
EXAMPLE 15
40 A variety of conditions are available for producing

melt blown films from the blends of this invention. .

Temperature set points for the extruders can vary

depending on the level of additives, if any. For this

example, all heater zones were set between 190 and

200°C



environmental | y nonpersistent materials. 30 The foll ow ng exanpl es

are to illustrate the I nvention but should not be interpreted as a
limtation t her eon. o 32 . —
et Has Beeix\li\eﬁi‘ced

10

15

20

25

30

35

- 77 =

with a screw rpm of 25 to 30. This produced a measured
melt temperature of 183°C. Heater temperatures must be
increased, especially in the die'area, by 5 to 10°C if
higher levels of Tio2 (or any antiblocks such as talc or
diatomaceous earth) are used in order to prevent
clogging of the die. Temperature settings will also
vary depending on the type of screw used and the size of
the extruder. The preferred temperatures are 175-215°C.
Blowing conditions can be characterized by the blow up
ratio (BUR), the ratio of bubble diameter to die
diameter'which gives an indication of hoop or transverse
direction (TD) stretch; or the draw-down ratio (DDR) ,
which is an indication of the axial or machine direction
(MD) stretch. If the BUR and DDR are equal then the
amount of stretch in the MD and TD is approximately the
same resulting in "balanced"™ film.

Blown film was produced from a blend consisting of
98% of a 60740 blend of cellulose acetate propionate
(DS, = 0.10, DSp, = 2.64) and poly(tetramethylene
glutarate), and 2% Tioz. The Tioz, added in the form of
a masterbatch (blended at a level of 20% and
pelletized), was added in order to obtain an opaque
film. The blown film was produced using a laboratory
scale blown film line which consisted of a Killion 1.25
inch extruder with a 15:1 gear reducer. The screw was a
Maddock mixing type with an LD of 24 to 1 although a
general purpose screw has also been used. Compression
ratio for the mixing screw was 3.5:1. A 1.21 inch die
with a 5 mil die gap was used. The air ring was a
Killion single-lip, No. 2 type. Prior to processing,
the blends were dried overnight at 50°C in dehumidified
air dryers.

For this example, the BUR was 2.20 and the DDR was
1.13 resulting in a film with an average thickness of 2
mils. This produced a film with average tear strehgths



EXAMPLES In the foll owi ng exanples, the blends were prepared by
t hree general nethods: (i) the blend .conponents are shaken together
bef ore conmpoundi ng at the appropriate tenperature in a a

Rheonetri cs Mechani cal Spectroneter. The resul 4 Hlﬁe&ﬁ%ﬂedﬁe Iaydal cal | y
ground to 5 mMm particle size and a portion is p
two netal plates at a tenperature above the nelt ’H“mf I T“

- 78 -

of 8.9 and 7.5 g-mil in the MD and TD, respectively.
Additionally, elongation to break values for these
directions are 101 and 79%, tangent moduli are 30 and 24
ksi, and break stresses are 3.9 and 3.6 ksi. BUR values
5 have been tried ranging from 2 to 3.9 and DDR values
from 0.5 to 20 by changing blow conditions and also
going to a thicker die gap. Increasing these parameters
generally results in improved properties except for %
elongation which is reduced. For example, a 0.5 mil

10 film with a BUR of 2.76 and a DDR of 3.89 had average
tear strengths of 31.3 and 29.7 g-mil, elongation to
break values of 74 and 37%, moduli of 57 and 86 ksi, and
break stresses of 3.2 and 4.9 ksi for the MD and TD,
respectively.

15

XAMPLE 16

Blown film was produced from blends consisting of
cellulose acetate propionate (DS, = 0.10, DSp, = 2.64)
and poly(tetramethylene glutarate—co-terephthalate).

20 The blown film was produced using a laboratory scale
blown film line which consisted of a Killion 1.25 inch
extruder with a 15:1 gear reducer. The screw was a
Maddock mixing type with an LD of 24 to 1 although. a
general purpose screw has also been used. Compression

25 ratio for the mixing screw was 3.5:1. A 1.21 inch die
with a 25 mil die gap was used. The air ring was a
Killion single—lip, No. 2 type. Prior to processing,
the blends were dried overnight at 50°C in dehumidified
air dryers. The results are given'in Table XVII.

30
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pol yester was pre-heated under



nitrogen and was poured into a heated feed tank. The pol yester was

mai nt ai ned under a nitrogen at nosphere and gravity fed through-a-
st ai nl ess steel line to a gear punp which transférred the
molten material through a stainless steel line gﬁwaﬂm et
outer dianmeter) into the barrel of the extruder hIS
feed system were heated and insulated. The prod m
extruder is in the range of 4.54-22.7 kg/h (10-5 s/ hr). The
zone tenperatures are set depending on.the exact

- 80 -

The entries of this example demonstrate that film blown
from blends of cellulose acetate propionate and
aliphatic-aromatic copolyesters have very high tear
strengths and elongation at break. Moreover, physical
5 properties such as tear strength can be high in one
direction or can be roughly equal in both directions
demonstrating that this film can be oriented. 1In
general, a balanced film is obtained by choice of the
DDR/BUR ratio.
10
EXAMPLE 17
An 8020 blend of cellulose acetate propionate
(DsAc = 0.10, DSPr = 2.64)poly(tetramethylene
glutarate) was used to spin fibers using a 54 hole round
15 and Y jet (55 micron equivalent diameter) at an
extrusion temperature of 215°C and a takeup of 250 mm
or 600 m/m. Packages were doffed and plied together onto
cones making 270 filament yarn. A two step draw process
was used to make drawn fiber. Table XV gives
20 representative data for both drawn and undrawn fiber.
Photomicrographs showed that the fibers had excellent
cross—sectional stability.
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(tii1) blends of the cellul ose esters and pol yesters wer e prepared by

conpoundi ng on a 30 nm Wer ner - Pfleiderer twin screw extruder. The
typi cal procedure is as follows: A single feed system was

utilized for this nethod of nelt blending. The cel lul.ose ester-and
t he polyester were dry bl ended and added as a solid in Zone 1. The
dry bl end was added at the desired rate using arrhis Sheet H ]
feeder through a hopper into the barrel of the ex

production rate of the extruder is in the range . /h
(10-50 pounds/hr). The zone tenperatures are set depending on the

exact nature of the polyester and Lthgscellul ose ester

Biodegradation Studies
Although it is evident that polyhydroxyalkanoates

are biodegradable under the appropriate conditions, it
is not known in the art that cellulose esters are

5 biodegradable since it is wideiy believed that the acyl
substituents shield the cellulose backbone from
microbial attack. We have found that when films of
cellulose acetate having a degree of substitution of 1.7
were immersed in the Tennessee Eastman (Kingsport, TN,

10 U.S.A.) wastewater treatment facility, extensive
degradation of the films occurred within 27 days. In
addition, a culture consisting of a mixed population of
microbes isolated from the activated sludge obtained
from the same wastewater treatment facility were grown

15 in the presence of films of the same cellulose acetate
(DS = 1.7). In this case, extensive degradation of the
cellulose acetate films was observed after 5 days.
Figures 1A, 1B, 2A, and 2B show scanning electron
microscopy (SEM) photographs of the two sides of

20 cellulose acetate films formed by drawing a film from a
solution consisting of 20% cellulose acetate (DS = 1.7)
by weight in a 5050 mixture of water-racetate. Figures
1A and 2A are of a control film while Figures 1B and 2B
are of a film on which the culture, consisting of a

25 mixed population of microbes isolated from the activated

' sludge, were grown for 4 days. In Figures 1B and 2B,
extensive degradation of the cellulose acetate film is
evident. Comparison of the control films in Figures 1A
and 2A shows that the film sides are different. ’

30 Figure 1A shows the outer, smooth surface of the film
which results from shearing by the draw blade while
Figure 2A shows the inner, rough surface of the film
which was in contact with the surface on which the film
was cast. Comparison of Figures 1B and 2B shows that

35 the rough or inner side of the film was more extensively



and generally vary in the range of about 100[err]C to _ 250C.

Afterwards, the two strands of materi al exiting the extruder were
guenched in water and chopped with a CONAIR JETRO pel |l eti zer.

The tensile strength, break to elongation, and tangent nodul us of the filns
are neasured by ASTM net hod D882; the tear force is neasured by ASTM net hod -
D1938; the oxygen and water vapor transmi ssion ratesypRkfeelBaBdinReplagd ASTM

met hods D3985 and F372, respectively. The tensiie str ! gation

at break for nolded pieces are neasured by ASTM net ﬁﬂwmn | exur al
strength and nodul us by ASTM net hod D790; the |zod i ng by ASTM
nmet hod D256; the heat deflection tenperat+uB8 By ASTM net hod.-D648. | nherent

vi scosities '

degraded. A'rough surface afea promotes attachment of
the bacteria leading to a more rapid rate of
degradation. Processes, such as foamed films and the
like, which promote rough surfaces are desirable in the

5 practice of this invention. Figures 3 and 4 show SEM
photographs of the smooth and rough sides of a cellulose
acetate film from which the bacteria were not washed.
In addition to showing extensive pitting of the film
surface due to degradation of the cellulose acetate,

10 these films show the attached microbes in the cavities
where degradation is occurring.

In vitro Enrichment System: fresh composite
samples of activated sludge are obtained from the AA 03
aeration basins in the Tennessee Eastman (Kingsport, TN,

15 U.S.A.) wastewater treatment plant which has a design
capacity of receiving 25 million gallons of waste per
day with BOD concentration up to 200,000 pounds per day. .
The major waste components consist largely of methanol,
ethanol, isopropanol, acetone, acetic acid, butyric

20 acid, and propionic acid. The sludge operating
temperatures vary between 35°C to 40°C. In addition, a
dissolved oxygen concentration of 2.0 to 3.0 and a pH of
7.1 are maintained to insure maximal degradation rates.
The activated sludge serves as the starting inoculum for

25 the stable mixed population of microbes used in this
invention. A stable population is obtained by serially
transferring the initial inoculum (5% v~v) to a basal
salt media containing glucose or cellobiose, acetate,
and cellulose acetate (DS = 2.5).

30 Cellulose ester film degrading enrichments are
initiated in a basal salts medium containing the
following ingredients per liter: 50 mL of Pfennig’s
Macro-mineral solution, 1.0 mL of Pfennig'’'s trace
element solution, 0.1% (wt-svol) Difco yeast extract,

35 2 mM Na,SO,, 10 mM NH,C, which supplements the ammonia



are neasured at a tenperature of 25[err]C for a 0.5 granlsanple in 100 m
of a 60/40 by wei ght solution .

REPLACEMENT SHEET Thls Sheet Has Been Re'ilaced

HIIIIII L

- 84 —

levels provided by Pfennig’s Macro—mineral solution,
0.05% (wt-vol) cellobiose, 0.05% (wt-vol) NaOAc. This
solution is a&justed to pH 7.0 and a final volume of
945 mL before being autoclaved at 121°C at 15 psi for

5 15 minutes. After cooling to room temperature, 50 mL of
sterile 1 M phosphate buffer and 5 mL of a complex
vitamin solution which has been filtered through a
0.02 mm filter are added. The test cellulosic film is
then added and the flask is inoculated (5% vv) with a

10 stable mixed population enrichment. The flask is placed
in a New Brunswick incubator and held at 30°C and
250 rpm for the appropriate period. Initially, the
films are often observed to turn cloudy and to be coated
with a yellow affinity substance (Current Microbiology,

15 9, 195 (1983)), which is an indication of microbial
activity. After 4 to 12 days, the films are broken into
'small pieces at which time they are harvested by pouring
the media through a filter funnel. The pieces are
collected and washed with water. The film pieces are

20 suspended in a neutral detergent solution at 90°C for
30-60 minutes before washing extensively with water.
The films are placed in a vacuum oven at 40°C until dry
before weighing. In each experiment, control
experiments are conducted in which the films are

25 subjected to the same experimental protocol except -
inoculation with the microbes. '



phenol / t etrachl or oet hane. Dynam ¢ nechani cal thermal anal ysi s (DMIA)

spectra were collected using a Pol yner Labor at ori es M- 117"at 4C7n1n
and 1 Hz. AbbreV|at|ons used herein are as follomslkgta&

i nherent viscosity; "g" is gram "psi" is pounds per "cc"
Is cubic centineter; "m is neter; - "rpm' is revolutm

"DSPr" is degree of substltutlon per anhydroglucose

propi onyl ; "DSAc" is degree -of substitution per anhydroglucose unit 10
for acetyl; "DSBu" is degree of substitution per anhydr ogl ucose unit
for butyryl; "BOD' is biochem cal oxygen demand; "vol." or "v" is
volume; "wt." is weight; "mtt s mcpemeter; "NaOAc" is sodium
acetate; " nm' is

Cellulose Acetate, DS = 1.7.

%
Film Original Final - Weight
Number Weight (mg) Weight (mg) Loss
5

1% 1990 181 5

2% 233 220 ' 6

3% 206 196 5

4 134 2 99

10 S 214 35 84
6 206 16 92

7% 195 184 5

8* 187 175 6

: 9 177 3 98
15 10 181 5 97
11* 167 ' 164 2

12% 174 173 1

13*» 188 185 2

14 192 30 - 84

20 15 - 154 5 97

Films 1-6, 7-10, and 11-15 represent the results
for three separate experiments. Films 1—6 and 11-15 are
shaken for 4 days while Films 7-10 are shaken for 5

25 days. The films with the * represent control films.

In every case, weight loss of 84-99% is observed
for the inoculated films and only 0.6—6.4% for the
control films.

Cellulose Acetate, DS = 2.5.

30 %
Film Original Final Weight

Number Weight (mg) Weight (mg) Loss

1* 135 136 0

35 2% 161l 161 0
3* 132 131 0.8

4* 147 ' 148 . 0

5 146 40 73

6 169 ) 60 65

40 7 175 81 54
8 157 36 77

'Each film is shakenifdr 12 days. The films with

the * represent control films. In every case, weight

45'_ losses of 54—-77% are observed for the inoculated films
and 0-0.8% for the control films. As expected, thg



not neasured; "CE" is cellulose ester; "PE" is 15 pol yester; "DQA" is

di octyl adipate; "HDT" is heat defl ection tenperature; "WTR"' is water
vapor transmission rate; "ml" is 0.001 inch. Relative to the
clarity of the filns, "+" indicates a transparent film ~~~— characteristic
of a mscible blend; "+" indicates a hazy 20 fil m chaydhed Ahs Bebr RepRteda
partially mscible film "-" I ndi cat es an opaque stic
of a immscible bl end; "AAPE" is aliphatic-aromt M!MM;“H;I and,
as used herein, refers to the copol yesters where S
not required. Relative to nam ng of the cellul ose 25, ester, "CAP" is

cel lul ose acetate propionate; "CA" is - 86cel | ul ose acetate; "CAB" is

cel lul ose acetate butyrate. Rel ative to nam ng of the polyester

representative . . > . ]
films with a higher degree of substitution exhibit

greater resistance to microbial attack.
Wastewater Treatment Studies: Fifteen numbered
cylinders, such as the one shown in Figure 5, containing
5 one cellulose acetate film each are attached to a steel
cable and suspended in Tennessee Eastman’s ADO2 basin.
Films 1-4 are harvested after 21 days while Films 5-14
are harvested after 27 days. The harvested films are
suspended in a neutral detergent solution at 90°C for
10 30-60 minutes before washing extensively with water.
The films are placed in a vacuum oven at 40°C until dry
before weighing. _
Cellulose Acetate, DS = 1.7.
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35 terephthalate is 85/15; "PTE T) (D) [60/35/5]" is

pol y(tetranet hyl ene gl utarate-co-terephthal at e-co- di gl ycol-ate)” were
the nole per cent of glutarate to t er epht hal ate-todi gl ycol tedls

60/ 35/5; "PTEN) 5 [85/15]" is poly(tetranethylen H&ﬂkat
napht hal ate) were the nole per cent of glutarate tob “ eis
85/15; "PES" is poly(ethylene succinate); "PHS" t hyl ene

succinate); "PEG' is
- 88 —

The films tested after 21 days show a weiéht loss of
20—-21% while the films tested after 27 days show a
weight loss of 65-91%. The large loss in film weight
and thickness between days 21 and 27 is typical.

5 Generally, an induction period is observed during which
microbial attachment is occurring. When the bacteria
are attached and enough degradation has occurred to
expose more surface area, the rate of degradation
increases. Films 2—-4 are intact enbugh so that testing

10 of mechanical properties and comparison to control films
(A—C) is possible:
Film Tangeng Tensile3
Number Modulus (10~ psi) Strength (10~ psi)
15 2 1.47 2.62
3 1.25 1.49
4 1.44 2.62
A 2.63 4.85
B 2.91 6.04
20 c 2.41 5.09

In each case, substantial loss in the tangent modulus
and tensile strength is observed which illustrates how
25 the microbial degradation of the test films leads to
loss in film properties. |
Compost Biodegradation Asséys:Composting can be
defined as the microbial catalyzed degradation and
conversion of solid organic waste into soil. One of the
30 key characteristics of compost piles is that they are
. self heating; heat is a natural by-product of the
metabolic breakdown of organic matter. Depending upon
the size of the pile, or its ability to insulate, the
heat can be trapped and cause the internal temperature
35 to rise.
Efficient degradation within compost piles relies
upon a natural progression or succession of microbial
populations to occur. Initially the microbial



pol y(ethyl ene glutarate); "PTG' is poly(tetranethylene 10 glutarate);
"PHG' i s pol y(hexanet hyl ene gl utarate); "PT(E)G [50/50]" is

pol y(tetramnet hyl ene-co- et hyl ene glutarate) were the nole % of

t etranet hyl ene to ethyl ene is 50/50; "PEA" is poly(ethylene adipate);
"PDEA" is pol y(di et hyl ene adi pate); "PHA" is poly(hexanet hyl ene 15
adi pate). Oher abbreviations are: "TEGDA" .is “friethyl'ene gl ycol

di acetate; "PVA" is poly(vinyl acetate); "-PMVA"THisSShE@h!s(HEBﬂﬁEaced
is the
L

nmet hacryl ate); "PEMA" is pol y(et hyl methacryl at eH’I m%u%
trade nane for concentrated glyceryl nonostearat
avai |l abl e from East man Cheni cal Conpany. — B®VAPLEX t
gl yceryl nonostearate is a 90% m ni num - distilled nonogl yceride
produced fro”]h¥ﬂﬁﬁgﬁﬂﬁﬂﬁgjof the compost is dominated by mesophilic
species (optimal growth temperatures-between 20—45°C).
The process begins with the proliferation of the
indigenous mesophilic microflora and metabolism of the
5 organic matter. This results in the production of large
amounts of metabolic heat which raises the internal pile
temperatures to approximately 55-65°C. The higher
temperature acts as a selective pressure which favors
the growth of thermophilic species on one hand (optimal
10 growth range between 45-60°C), while inhibiting the
mesophiles on the other. Although the temperature
profiles are often cyclic in nature, alternating between
mesophilic and thermophilic populations, municipal
compost facilities attempt to control their operational
15 temperatures between 55—-60°C in order to obtain optimal
degradation rates. Municipal compost units are also

typically aerobic processes, which supply sufficient
oxygen for the metabolic needs of the microorganisms
permitting accelerated biodegradation rates.

20 In order to assess the biodegradation potential of
the test films, small-scale compost units were employed
to simulate the active treatment processes found in a
municipal solid waste composter. These bench-scale
units displayed the same key features'that distinguish

25 the large—scale municipal compost plants. The starting
organic waste was formulated to be representative of
that found in municipal solid waste streams: a carbon
to nitrogen ratio of 25:1, a 55% moisture content, a
neutral pH, a source of readily degradable organic

30 carbon (e.g., cellulose, protein, simple carbohydrates,
and lipids), and had a particle size that allowed good
air flow through the mass. Prior to being placed in a
compost unit, all test films were carefully dried and
weighed. Test films were mixed with the compost at the

35 start of an experiment and incubated with the compost
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for 10 to 15 days. The efficiency of the bench scale .
compost units was determined by monitoring the
temperature profiles and dry weight disappearance of the
compost. These bench scale units typically reached

5 60—65°C within 8 hours. After 15 days of incubation
there was typically a 40% dry weight loss in the
compost. Films were harvested after 10 or 15 days of
incubation and carefully washed, dried, and weighed to
determine weight loss. The following is representative

10 of the results of such composting experiments:

Composting Results: 15 Day Composting Trial

Film
Weight Thickness
15 Film Composition Loss —(mil) -
5545 CAP(DS= 2.15)./PEG 36% 0.63
55745 CAP(DS=2.15)./PTG 29% 0.68
60,40 CAP(DS=2.7)/PTG + ~ 16% 2.77
20 1% microcrystalline cellulose
6040 CAP(DS=2.7)/PTG 14% 2.38
Composting Results: 10 Day Composting Trial
25 _ Film
Weight Thickness
Film Composition Loss —f{mil)
4555 CAP(DS=2.09)./PEG 47% 0.45
30 5545 CAP(DS=2.15)./PEG 29% 0.61
55745 CAP(DS=2.49)./PTG 26% :0.56
6040 CAP(DS=2.7)./PTG + 22% 0.98
2.5% cCaco
60740 CAP(Dg—Z 7)/PIG + 20% 5.31
35 2% cellulose monocacetate
PTG(T) [60./40] . 17% 2.95
PTG(T) (D) [60./35/5] 16% 19.2
40 The invention has been described in detail with

particular reference to preferred embodiments thereof,
but it will be understood that variations and
modifications can be effected within the spirit and
scope of the invention. Moreover, all patents, patent



36 EXAMPLE 1 Bl ends of cellul ose acetate propionate
(DS[err] = 0.10, DS[err] = 2.64, 1V = 1.3) and aliphatic-aromatic
copol yesters and filns nmade fromthe bl ends weré _ -

Thksmwuﬂiﬁﬁiﬁﬂiﬁxd
- 91 —
applications (published or unpublished, foreign or
domestic), literature references or other publications

noted above are incorporated herein by reference for any
disclosure pertinent to the practice of this invention.
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A binary blend comprising:

(a)

(B)

5% to 98% of a ¢;—C,, ester of cellulose
having a DS/AGU of 1.7 to 3.0 and an inherent
viscosity of 0.2 to 3.0 deciliters/gram as
measured at a temperature of 25°C for a 0.5 g
sample in 100 ml of a 60740 parts by weight
solution of phenol tetrachloroethane, and

2% to 95% of an aliphatic—aromatic
copolyester having an inherent viscosity of
0.4 to 2.0 deciliters/gram as measured at a
temperature of 25°C for a 0.5 g sample in 100
ml of a 6040 parts by weight solution of
phenoltetrachloroethane, said percentages
being based on the weight of component (A)
plus component (B).

2. The blend of Claim 1 wherein said aliphatic
aromatic copolyester comprises repeat units of:

—EO(R“)-o-@-(RS)—Q- and -E)(R7)4—@—(R;)—E}—

wherein R? and R’ are selected from one or more of
the following groups consisting of C,—C,, alkylene
or oxyalkylene; cz--c12 alkylene or oxyalkylene
substituted with one to four substituents
independently selected from the group consisting
of haio, CG-CIO aryl, and cl—c4 alkoxy; Cs—Ci0
cycloalkylene;,cs—c10 cycloalkylene substituted
with one to four substituents independently
selected from the group consisting of halo, C.-C,,
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aryl, and C,-C, alkoxy; RO is selected from one or
more of the following groups consisting of Cy—C,,
alkylene; cz—c12 oxyalkylene; cz—c12 alkylene or
oxyalkylene substituted with one to four
substituents independently selected from the group
consisting of halo, C4z—C;, aryl, and C,—C, alkoxy;
C5—C,0 Cycloalkylene; and Cg—C,, cyclocalkylene
substituted with one to four substituents
independently selected from the group consisting
of halo, Cs—c10 aryl, and cl--c4 alkoky; R6 is
selected from one or more of the following groups
consisting of Ce~Cy0 aryl, C,~Cyq aryl substituted
with one to four substituents independently
selected from the group consisting of halo, C;—C,
alkyl, and Cc,—C, alkoxy.

The blend of Claim 1 wherein the cellulose ester
has a DS/AGU of from 2.1 to 2.85.

The blend of Claim 3 wherein the ester of
cellulose is cellulose acetate propionate having a
DS/AGU from 2.50 to 2.75 and the DS/AGU of acetyl
ester is from 4-30% of the total ester content.

The blend of Claim 2 wherein R? or R’ is selected
from C,~C¢ alkylene, C,—Cg oxyalkylene, or Cg—C,,
cycloalkylene; R° is selected from CO—C4 alkylene,
C,—C, oxyalkylene, or Cg—Cy cycloalkylene; R® is

selected from Cs—C10 aryl.

The blend of Claim 2 wherein the mole % of R> in
the copolymer is from 30 to 95%, and the mole % of
R6 is from S to 70%.
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7. The blend of Claim 6 wherein R® is €3 and the mole
% of RS in the copolymer is from 545 4o 85%, and

the mole % of RS is from 15 to 30% wherein the
blend is miscible.

8. The blend of Claim 6 wherein R® is C3 and the mole
% of R? in the copolymer is from 45 to 60%, and
the mole % of R® is from 40 to 55% wherein the
blend is partially miscible.
10
S. The blend of Claim 1 wherein component (B) is
present in an amount of 5 to 75% and component (A)

is present in an amount of 25 to 95%.

15 10. The blend of Claim 7 in the form of a film or
fiber wherein component (B) is present in an
amount of about 30 to 55% and component (A) is
present in an amount of about 45 to 70%.

20 11. The blend of Claim 2 wherein said aliphatic-
aromatic copolyester is prepared from any
polyester forming combination or combinations of
dicarboxylic acids or derivatives thereof, and
diols, said dicarboxylic acids are selected from

25 the group consisting of the following diacids:
malonic, succinic; glutaric, adipic, pimelic,
azelaic, sebacic, fumaric, 2,2-dimethyl glutaric,
suberic, 1,3-cyclopentanedicarboxylic,
1,4—cyclohexanedicarboxylic, 1,3-cyclohexane—

30 dicarboxylic, diglycolie¢, itaconic, maleic,
2,5-norbornanedicarboxylic, 1,4-terephthalic,
1,3—terephthalic, 2,6-naphthalene dicarboxylic,
1,5-naphthalene dicarboxylic, and ester forming
derivatives thereof, and combinations thereof; and
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said diols are selected from the group consisting.
of ethylene glycol, diethylene glycol, propylene
glycol, 1,3-propanediol, 2,2-dimethyl-1,3—
propanediol, 1,3-butanediol, 1,4-butanediol,
1,5—-pentanediol, 1,6-hexanediol,
2,2,4~trimethyl—1, 6-hexanediol, thiodiethanol,
1,3—-cyclohexanedimethanol, 1,4-cyclohexane—
dimethanol, 2,2,4, 4—teti:amethyl—1 , 3—cyclo—
butanediol, triethylene glycol, tetraethylene
glycol, di-, tri-, tetrapropylene glycol, and

‘combinations thereof.

The blend of Claim 11 wherein the aliphatic—
aromatic polyester is selected from the groups
consisting of poly(ethylene glutarate—co—
terephthalate), poly(tetramethylene glutarate—co—
terephthalate) ,poly(tetramethylene adipate—co—
terephthalate), poly(ethylene adipate—co—
terephthalate), poly(tetramethylene succinate—co—
terephthalate), or poly(ethylene succinate—co-
terephthalate), and the mole % of terephthalate is
15-55%. ’

The blend of Claim 13 wherein the aliphatic—
aromatic copolyester is poly(tetramethylene
glutarate—co-terephthalate—co—diglycolate) and the
mole % of terephthalate is 15-55% and the mole %
of diglycolate is 1-10%. -

The blend of Claim 13 wherein the aliphatic-
aromatic copolyester is poly(ethylene glutarate—
co—naphthalene dicarboxylate),poly(tetramethylene
glutarate—co—-naphthalene dicarboxylate),
poly(tetramethylene adipate—co—naphthalene
dicarboxylate), poly(ethylene adipate—co-
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naphthalene dicarboxylate), poly(tetramethylene
succinate-co-naphthalene dicarboxylate), or
poly(ethylene succinate—-co-~naphthalene
dicarboxylate) wherein the mole % of naphthalene
dicarboxylate 1s 15~55%.

A binary blend comprising:

(A) 5% to 98% of a C,—C;o ester of cellulose
having a DS/AGU of 1.7 to 2.75 and an
inherent viscosity of 0.2 to 3.0

-hdeciliterS/gram as measured at a temperature
of 25°C for a 0.5 g sample in 100 ml of a
6040 parts by weight solution of
phenoltetrachloroethane, and

(B) 2% to 95% of an aliphatic polyester having an
inherent viscosity of 0.2 to 2.0
deciliters/gram as measured at a temperature
of 25°C for a 0.5 g sample in 100 ml of a
6040 parts by weight solution of
phenoltetrachloroethane, said percentages
being based on the weight of component (A)
plus component (B).

The blend of Claim 15 wherein said aliphatic
pPolyester comprises repeat units selected from the
group consisting of the following structure:

(a) 10
: Iﬁ(cnz)m—ﬁ

wherein m is an intéger of 0 to 10, and RO is

selected from the group consisting of hydrogen;
C;~C,, alkyl; Ci—ciz alkyl substituted with one to
four substituents independently selected from the
group consisting of halo, Cs—C10 aryl, and c,—C,
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aikoxy; Cs—clo‘éycloalkYI; and cs—'c10 cycloalkyl
substituted with one to four substituents
independently selected from the group consisting’
of halo, c6—c10 aryl, and cl—c4 alkoxy; and

* (r%) -oE(f)—E-;[—

wherein R® is selected from the group consisting
of Cz-—c12 alkylene, or czfc12 oxyalkylene; C,—C15
alkylene or C,—C,, oxyalkylene substituted with
one to four substituents independently selected
from the group consisting of halo, Cg,—C;, aryl,
and ¢,—C, alkoxy; C5—C1p0 cycloalkylene; Cg—C,,
cycloalkylene substituted with one to four

substituents independently selected from the group

consisting of halo, c6—c10 aryl, and cl—c4 alkoxy;
R? is selected from the group consisting of C,-C,,
alkylene; C,—C,, oxyalkylene; C,~C,, alkylene or
oxyalkylene substituted with one to four
substituents independently selected from the grodp
consisting of halo, Cg—Cyo aryl, and C;—C, alkoxy;
C5—Cy0 CYcloalkylene; and C5—Cy9 cycloalkylene
substituted with one to four substituents
independently selected from the group consisting
of halo, C4,~C,, aryl, and C,—C, alkoxy; or

(c) a mixture of (a) and (b).

The blend of Claims 1 or 15 wherein said cellulose
ester has an inherent viscosity of 0.5 to 1.5.

The blend of Claims 1 or 16 wherein aliphatic
copolyester has an inherent viscosity of 0.4 to
1.2 as measured at a temperature of 25°C for a 0.5
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gram sample in 100 ml of a 6040 parts by weight
solution of phenol.tetrachloroethane.

The blend of Claims 1 or 18 wherein aliphatic
éopolyester comp:ises 15 to 600 repeaf units.

The blend of Claim 16 wherein m is 0 to 5, and RO
is H, a cl—c4 alkyl or a cl--c4 alkyl substituted
with 1-4 substituents selected from the group
consisting of Cl1, Br, Cg—Cy¢ aryl and C,—C,
alkoxy; Cg—C;, cycloalkyl; and C,—C,, cycloalkyl
substituted with 1-4 substituents selected from
the group consisting of Cl1, Br, Cg—C,po aryl and

¢;—C, alkoxy.

The blend of Claim 16 wherein R® is selected from
the group consisting of Cy—Cg alkylene, C4—Cg
oxyalkylene, or Cg—C,, cycloalkylene; and R? is
Co—C10 alkylene, ¢,—C, oxyalkylene, or c5—c
cycloalkylene. '

The blend of Claim 21 wherein R® is selected from
the group consisting of c2—c4 alkylene and c4—c8
oxyalkylene; and r? is cz—c4 alkylene.

The blend of Claim 15 wherein said aliphatic
polyester is prepared from any polyester forming
combination of the following:

(i) “hydroxy acids,

(ii) dicarboxylic acids or derivatives thereof,

‘and ' '

(iii) diols,
wherein said hydroxy acids are selected from the.
group consisting of 4—(hydroxymethyl)cyclohexane—



The 1V data fromTable | illustrates that the nol ecul ar wei ght of the
bl end conponents are preserved in the bl endi ng process. As the
clarity indicates, the Tthh*ﬂmmBem@sﬁmahsparent which is characteristic

of 5 m sci bl e blends._ denonstrates that each of the
bl ends I nvol vi ng 20%)
3, 5 8, 14, 17, 20, 22, 27, an a

tic copolyester (entrles 1,
an experi nental - mhlch
was 14 to 37[err] C hi gher_ t han the Tg12 10 cal cul at m“

The 40% al i phati c-aromatic- . copol yester bl ends dlaC|d
(entry 2), a C6 diacid (entry 4), or a Cl0O aro adid (entry 30)
al so showed a 18, 11, and 25[err]C, respec!Sver p05|t|ve devi ation
of the experinental Tg[err] . fromthe theoretical
| carboxyllc acid, hydroxypivalic acid, 6-hydroxy—
hexanoic acid, glycolic acid, lactic acid, ester
forming derivatives thereof, and combinations
thereof; said_dicarboxylid acids are selected from
5 the group consisting of the following diacids:
malonic, succinic, glutaric, adipic, pimelic,
azelaic, sebacic, fumaric, 2,2idimethyl glutaric,
suberic, 1,3—Cyclopehtanedicarboxylic, 1,4—cyclo—
hexanedicarboxylic, 1,3—cyclohexanedicarboxylic,

10 diglycolic, itaconic, maleic, 2,S5-norbornane—
dicarboxylic, ester forming derivatives thereof,
and combinations thereof; and said diols are
selected from the group consisting of ethylene
glycol, propylene glycol, 1,3—propanediol,

15 2,2—-dimethyl-1,3-propanediol, 1,3-butanediol,
1,4-butanediol, 1,5-pentanediol, 1,6-hexanediol,
2,2,4-trimethyl-1, 6—~hexanediol, thiodiethanol,
1,3—cyclohexanedimethanol, 1,4-cyclohexane—
dimethanol, 2,2,4,4—tetramethyl-l,3—cyclobutane—

20 diol, diethyléne glycol, triethylene glycol,
tetraethylene glycol, tetra—, tri-, dipropylene
glycol and combinations thereof.

24. The blend of Claims 1 or 15 wherein the Tg of the
25 cellulose ester is from 85-210°C.

25. The blend of Claim 15 wherein the DS/AGU is from
2.1-2.6. ' ' -

30 26. The blend of Claim 15 wherein said cellulose
acetate propionate has a DS/AGU of 1.7-2.75 and
the DS/AGU of écetyl ester is 1-50% of the total
ester content.



15 Tg[err]. Wthin the fam |y of.-40% aliphatic-aromatic

copol yester invol ving-a—-€5-al’i phatic diacid, the

of entries 6, 10, 16, 1%Sh

experinmental Tg[err]

E'ﬁas&kenk eplaced (153005 06 aromatic diacid) showed

good agreenent with

20 experi nment al

cal Tg[err] (10Cy:-1ln contrast, the

Tg[e %)PTCKT) bl ends ontalnlng

10, and 40% C6 aronatlc med a 27, 23, and
respectively, positive devlatlon fromthe caIcuI J[v
series of 10-70% PEGQT) . [ 70/30] (entries 7-12), the 10& z

positive deviation of the experimental T[err] from®he

showed a 25

~cal cul ated val ues,
excel l ent agreenment with the cal cul ated Fgle®ri' s,

t he 40- 55% bl ends had Tg[err]s which . Showed
and the 70% bl end

showed multiple Tg's characteristic of
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The-blend of Claim 15 wherein said ester of
cellulose is cellulose acetate propionate having a
DS/AGU for propionyl of greater than 1.

The blend of Claim 15 wherein said aliphatic
polyester is polyhydroxybutyrate, a copolymer of
polyhydroxybutyrate and polyhydroxyvalerate,
poly(hexamethylene glutarate), poly(hexamethylene
adipate), poly(ethylene succinate), poly(butylene

| glutarate), poly(butylene adipate), poly(butylene

succinate), poly(ethylene glutarate), poly-
(ethylene adipate), poly(diethylene glutarate),
poly(diethylene adipate), poly(diethylene
succinate) or poly(hexamethylene éuccinate).

The blend of Claim 15 wherein component (B) is
present in an amount of 8% to 60% and component
(A) is present in an amount of 40% to 92%.

The blend of Claims 1 or 15 wherein the inorganic
is CacCo,.

The blend of Claims 1 or 15 wherein the colorant
is a polyester with 0.01 to 50% of a covalently
bound dye. E

The blend of Claims 1 or 15 wherein component- ()
and component (B) are miscible.

The blend of Claims 1 or 15 wherein compdnent (A)
and component (B) are partially miscible.

The blends of Claims 1 or 15 in the form of a
film, plastic or" fiber which are biodegradable.



a partially m sci ble blend. In contrast, the series of 30 20-70% PTH T)

[ 60/ 40] blends (entries 22-25) either had multiple Tg[err]s or
Tg[err]'s that were qui-te-different from t heoretical. At very high
levels of aliphatic-aromatic coﬁ‘Tyester (cf. entry 26), single Tg's

were observed. . Ana Lype suggests’ that bl ends . of
celulose 55 estors ““m ﬂﬂﬁfﬂlﬂi o corel //I//iili/'//IV/'l/7/71/a

35. A ternary blend comprising:
(A) 4% to 97% of a C1-Cl0 ester of cellulose
- having a DS/AGU of 1.7 to 3.0 and an inherent
) 'viscosity'of-o;z to 3.0 deciliters./gram as
5 - measured at a temperature of 25°C for a 0.5 g
~ sample in 100 ml of a 6040 parts by weight
solution of phenoltetrachloroethane,
(B) 2% to 95% of an aliphatic polyester and-or an
aliphatic—aromatic copolyester having an
10 inherent viscosity of 0.2 to 2.0 deciliters~
gram as measured at a temperature of 25°C for
-4 0.5 g sample in 100 ml of a 6040 parts by
weight solution of phenol.tetrachloroethane,
(C) 1% to 94% of polymeric compounds having an
15 inherent viscosity of 0.4 to 2.0
deciliters/gram as measured at a temperature
of 25°C for a 0.5 g sample in 100 ml of a
6040 parts by weight solution of
phenocltetrachloroethane, said percentages
20  being based on the weight of component (A)
‘plus component (B)'plus component (C).

36. The blend of Claims 1, 15, or 35 wherein said
ester of cellulose is cellulose acetate, cellulose
25 propionate, cellulose butyrate, cellulose acetate
propionate, cellulose acetate butyrate, or
cellulose propionate butyrate.

37. The blend of Claim 36 wherein said ester of
30 cellulose is cellulose acetate propionate having a
DS/AGU of 1.7-3.0 wherein the DS/AGU of acetyl
ester is 1-50% of the total ester content.

38. The blend of Claim 36 wherein said cellulose
35 acetate propionate has a DS/AGU of 2.5-2.75



40 C5 allphatlc diacid are generally mscible in :
of the

approxi mately the 30-55% range -when the aromatic portien_

copol yesters is approxi mately 15-30% Aliphatic- ., aromatic copol yester
bl ends involving a C5 aliphatic 5 dIaCId ut si de' r 0 55@&L@nge
exhi bit varying Ievelqhgsmmuﬁsﬁ Bl end ther :

al i phatic diacids al so exhi bi \ Is of AZf
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wherein the DS/ AGU of acetyl ester is 4-30% of the
taotal ester content.

39. The blend of Claim 36 wherein component (B).is
5 present in an amount of 10% to 50%, component (A)
is present in an amount of 40% to 88%, and
component (C) is present in the amount of 2% to
10%.

10 40. The blend of Claim 36 wherein component (B) is
present in an amount of 2% to 10%, component (A)
is present in an amount of 40% to 88%, and
component (C) is present in the amount of 10% to

50%.
15
41. The blend of Claim 36 wherein component (B) is
present in an amount of 40% to 88%, component (A)
is present in an amount of 2% to 10%, and
compohent (C) is present in the amount of 10% to
20 50%.
42. The blend of Claim 36 wherein component (B) is
present in an amount of 10% to S50%, component (A)
- is present in an amount of 2% to 10%, and
25 component (C) is present in the amount of 40% to
88%. '
43. The blend of Claim 36 wherein componént (B) is
present in an amount of 20% to 40%, component (A)
30 is present in an amount of 20% to 40%, and
component (C) is present in the amount of 20% to

40% L ]

44. The blend of Claim 35 wherein said aliphatic-
35 aromatic copolyester comprises repeat units of:



Blend mscibility is also strongly dependent upon 10 t he nol ecul ar
wei ght of the polyester. In general a low |.V. polyester will give
a wi der wi ndow of - ﬁLSCLb Cel lul ose esters typically
have hi gh W/TR (>500 g ' n1|/100 ﬁ ;L 24 'h). As-—Fable-lI.-shows,. al
of the 15 CAP/ al i phati c- 5@ ster bl ends have W/TR | ess

than 500 g m1/100 in[err]- Iso dem)nst' IJ uml"
wi de range of physical prope |als ' uunr&ﬂn
bl ends are possi bl e dependi ng upon the blend-conponen s and' bl*end

conposition. Many of the 20 al i phatic-aromatic copol yester bl ends gave

unexpect ed and unusual physical properties. For exanple, the

tangent nodulus (Table I1) for the 2096b|e€g§ were, for

5 -JEO(R“)—O—E-(Rs)-E} and -EO(R7)—o—g—(R6)—E;L

10 wherein R* and R7 are selected from one or more of
the following groups consisting of C,-C;, alkylene
or oxyalkylene; cz—c12 alkylene or oxyalkylene
substituted with one to four substituents
independently selected from the group consisting

15 of halo, Cg—Cy0 aryl, and c,—C, alkoxy; Cs~C10o
cycloalkylene; cs—c10 cycloalkylene substituted
with one to four substituents independently
selected from the group consisting of halo, Cs—C10
aryl, and C;—C, alkoxy; R® is selected from one or

20 - more of the following groups consisting of Cy,—C,,
alkylene; Cz—c12 oxyalkylene; C—Cy5 alkylene or
oxyalkylene substituted with one to four
substituents independently selected from the group.
consisting of halo, Cg—Cyq 2rYl, and C,—C, alkoxy;

35 . C5—C;q Cycloalkylene; and Cg—C,, cycloalkylene
substituted with one to four substituents
independently selected from the group consisting
of halo, cs—clo aryl, and Cl 4 alkoxy: R6 is
selected from one or more of the following groups

‘30 consisting of Cg—Cypo aryl, Cg—C,4 aryl substituted
with one to four substituents independently
selected from the §roup consisting of halo, C,-C,
alkyl, and cl—c4 alkoxy.

35 45. The blend of Claim 35 wherein said aliphatic
polyester comprises repeat un1ts of the following
structure°



the nost part, surprisingly high relative to the CAP

(2.1 X 10[err]

psi). Wth the exception of the bl ends-25- i nvol ving PTG T) [70 /30] and
PTG T) [60/40], the tangenf’”" nDdull II remai ned above 1.5 Xl0[err]
psi. Even nore surp g@gymﬁ&wm . Cnsil e strength_ for the 20% bl ends.
Wth the exception of th ~ bl end, the tenS|Ie strength
of these blends were all m\\‘)\ ' 10[err]

tensile strength was inpro relative to the

cases t he
fLlL LT
general, with the exception of the PTET) [60/10]°ble of the

bl ends involving 20% al i phati c-aromati c copol yester

behaved very

simlar to the blend major conponent, 35 lodeellutOSe acetate propionate.

In effect, we were able

BB

10

wvherein m is an integer of 0 to 10, and

R10 is

selected from the group consisting of hydrogen;

15 C,—C;, alkyl; C,-C,, alkyl substituted with one to
four substituents independently selected from the
group consisting of halo, Cg—Ci,4 aryl, and C,-C,
alkoxy; Cg—C,, cycloalkyl; and C5—C,, cycloalkyl
substituted with one to four substituents

20 independently selected from the group consisting
of halo, CG—Clo_aryl, and C;—C, alkoxy; or

* ' " | (RS)-—O@(R%—IJ._

30

wherein R® is selected from the group consisting

of C,~C,;, alkylene, or C,~C;, oxyalkylene; C,—C,,
alkylene or C,-C,, oxyalkylene substituted with

35 one to four substituents independently selected
from the group consisting of halo, C,—C,, aryl,
and ¢,-C, alkoxy; Cg—C,, cycloalkylene; Cg—C,,
cycloalkylene substituted with one to four
substituents independently selected from the group

40 consisting of halo, Cg,—C,, aryl, and C;-C, alkoxy;
R? is selected from the group consisting of C,-C;,
alkylene; C,—C,, oxyalkylene; C,—C,, alkylene
substituted with one to four substituents
independently selected from the group consisting

45 of halo; cs—cio gryl, and C,-C, alkoxy; Cg—Cqq
cycloalkyle_ne;'and'cs—c10 cycloalkylene
substituted with one to four substituents
independently selected from the group consisting
of halo,_cs—cid aryl, and ¢,-C, alkoxy; or



41 to substitute 20% of a copol yester,

physi cal

ester w thout |owering, and in: sone case e‘{Tprowng, t he mechani cal

properties than the celllzgsewester bl end conponent,

for

whi ch generally has nuch different

cel | ul ose

\\\ \\\ ‘\ \\\\\\\\\\\\\\\\\\\\\\\\\\ \\\\ _
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(c) a mixture of (a) and (b).

46. The blend of Claims 15 or 45 wherein said

aliphatic polyester is produced by natural or

5 genetically altered microorganisms.

47. The blend of;Ciaim 1, 15 or 45 wherein said
aliphatic polyester is polyhydroxybutyrate,

polyhydroxyvalerate, or a copolymer of

10 polyhydroxybutyrate—polyhydroxyvalerate.

48. The blend of Claim 46 wherein said aliphatic

polyester is produced by Pseudomonas oleovorans,
Alcaligenes eutrophus, Bacillus megaterium, or

15 Rhodospirillum rubrum.

49. The blend of Claim 35 wherein component (B) has an
inherent viscosity of 0.4 to 1.2 as measured at a
temperature of 25°C for a 0.5 gram sample in 100

20 ml of a 60740 by weight solution of
phenol tetrachloroethane.

50. The blend of Claim 49 wherein component (B)

comprises 15 to 600 repeat units.

25
51. The blend of Claim 35 wherein component (C) is
polyvinyl acetate, partially hydrolyzed polyvinyl
acetate, vinyl acetate—ethylene copolymer,
polyvinyl alcohol, polymethyl methacrylate,
30 polyethyl methacrylate, polycarbonate, or

hydroxypropyl cellulose.

52. The blend of Claim 51 wherein component (C) is
polyvinyl acetate or partially hydrolyzed

35 polyvxnylacetate._“
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The blend of Claim 51 wherein component (C) is
vinyl acetate—ethylene copolymer.

The blend of'c1aiﬁ 51 wherein component (C) is
hydroxypropyl cellulose. '

A blend comprising:

(a)

(B)

50% to 99% of Claims 1, 37, or 85 having an
inherent viscosity of 0.4 to 3.0
deciliters/gram as measured at a temperature
of 25°C for a 0.5 g sample in 100 ml of a
6040 parts by weight solution of
phenol.tetrachloroethane,

1% to 50% of biodegradable additives, said
percentages being based on the weight of
component (A) plus component (B).

A blend comprising:

(A)

(B)

95% to 99.95% of a binary or ternary blend of
Claims 1, 37, or 85, having an inherent
viscosity of 0.4 to 3.0 deciliters/gram as
measured at a temperature of 25°C for a 0.5 g
sample in 100 ml of a 60,40 parts by weight
solution of phenol-tetrachloroethane,

0.05% to 5% of immiscible hydrophobic agent,
said percentages being based on the weight of
component (A) plus component (B).

The blend of Claim 56 wherein component (B)
includes paraffin, monoacyl carbohydrates, and

monoglycerides.

The blend of Claim 57 wherein component (B) are
monoglycerides containing C12-C18 fatty acids.



pol yesters or aliphatic-aromatic copol yester, and a hydrophobic additive
were prepared using the standard procedures. Tables XiI-and Xl II gives the
DS/AQJ, 1V, and clarity _of the blends as well as the nmechanical properties,
tear strength, and water vapor transm ssi on rates’ of the-fi | ns nade from

the bl ends. “Isl"imi‘i‘i BI HI B H!Illljmlﬂ W
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59. The blend of Claim 58 wherein'component (B) are
monoglycerides containing C12-C18 fatty acids and
acylated with 5-95% acetyl, propionyl, butyryl, or
succinyl groups.

60. A linear, random, semicrystalline aliphatic—
aromatic copolyester which has an inherent
viscosity of 0.5 to 1.8 deciliters-gram as
measured at a temperature of 25°C for a 0.5 g

10 sample in 100 mL of a 6040 parts by weight
solution of phenol.tetrachloroethane wherein the
aliphatic—-aromatic copolyester is comprised of
repeat units of the following structures:

15 |
26 -{;é—(nll)—o—g—(nl3)-g;}- and —{zg—(nlz)—g-c-(al4)—@;}-

wherein R!! and R!2 are the same and are selected
from the groups C2-C8 alkylene or oxyalkylene

25 wherein R11 and R'2 are 100% of the diol
components; R13 is selected from one or more of
the groups consisting of C0—C8 alkylene or C2-C4
oxyalkylene wherein the mole % of rR13 is from
35-85% of the dicarboxylic components; and R is

30 selected from the group consisting of C6-C10 aryl
wherein the mole % of R4 jis from 5-65% of the
dicarboxylic component.

61. The aliphatic—-aromatic copolyester of Claim 60
R and R!? are the same and are selected
R! and rR1?

35 whereain
from the groups C2-C6é alkylene wherein
are 100% of the diol components; R13 is selected
from one or more of the groups consisting of C2-C4
alkylene or C2 oxyalkylene wherein the mole % of

40 r3 is from 40-95% of the dicarboxylic components;
R is a 1,4-disubstituted C6 aryl wherein the
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63.

64.

65.

66.

——
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mole % of R14'is from 5-60% of the dicarboxylic
components.

The aliphatic-aromatic copolyester of Claim 61
which has a melting point of 75°C to 160°C.

The aliphatic-aromatic copolyester of Claim 62
where C4 is selected for R'! and R}2 at an amount
of 100 mol%; were C3 and —CH,-O-CH,— are selected
for R;3 at an amount of 30 to 65 mole% and 0 to 10
mole %, respectively; and where a
1,4—disubstituted aryl is selected for
amount of 25 to 60%.

R14 at an

The aliphatic—arbmatic copolyester of Claim 62
where C4 is selected for R and R!? at an amount
of 100 mol%; where C2 and —CH2—O—CH2— are selected
for R13 at an amount of 30 to 85 mole% and 0 to 10
mole%, respectively; where a 1,4-disubstituted
aryl is selected for R14 at an amount of 5 to 60%.

The aliphatic—aromatic copolyester of Claim 62
where C4 is selected for R and R12 at an amount
of 100 mol%; where C4 and —CH,—O—CH,— are selected
for ng at an amount of 30 to 65 mole% and 0 to 10
mole%, respectively; and where a 1,4—-disubstituted
aryl is selected for R4 at an amount of 25 to
60%.

The aliphatic-aromatic copolyester of Claim 62

- wherein the aliphatic—aromatic copolyester is

poly(tetramethylene glutarate—co-terephthalate)
copolyester wherein the mole % of terephthalate is
45~-60%.
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The aliphatic-aromatic copolyester of Claim 62
wherein the aliphatic-aromatic copolyester is
poly(tetramethylene succinate—co-terephthalate)
copolyester wherein the mole % of terephthalate is
5-30%.

The aliphatic-aromatic copolyester of Claim 62
wherein the aliphatic-aromatic copolyester is
poly(ethylene succinate—co—terephthalate)
copolyester wherein the mole % of terephthalate is
5-20%.

The aliphatic—aromatic copolyester of Claim 62
wherein the aliphatic—-aromatic copolyester is
poly(ethylene adipate—co—-terephthalate)
copolyester, poly(tetramethylene adipate—co—
terephthalate) copolyester, or poly(hexamethylene
adipate—co-terephthalate) copolyester, wherein
the mole ¥ of terephthalate is 40-60%.

The aliphatic—aromatic copolyestef of Claim 62
wherein the aliphatic—-aromatic copolyester is
poly(tetramethylene glutarate—co—-terephthalate-co—
diglycolate) copolyester wherein the mole % of
terephthalate is 45-60% and the mole % of
diglycolate is 1-10 mole $%.

The aliphatic-aromatic copolyester of Claim 62
wher=in the aliphatic-aromatic copolyester is
poly(tetramethylene succinateeco—terephthalate—co-
diglycolate) copolyester wherein the mole % of
terephthalate is 5-30% and the mole % of
diglycolate is 1-10 mole %.

A mixture comprising:
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(A) 50% to 99% of Claim 117 having an inherent
viscosity of 0.5 to 1.8 deciliters.gram as
measured at a temperature of 25°C for a 0.5 g
sample in 100 ml of a 6040 parts by weight

' solution of phencl tetrachloroethane,

(B) 1% to 50% of biodegradable additives, said
percentages being based on the weight of
component (A) plus component (B).

The blend of Claims 55 or 72 wherein component (B)
is microcrystalline cellulose.

The blend of Claims 55 or 72 wherein component (B)'
is cellulose monoacetate.

The blend of Claims 55 or 72 wherein component (B)
is starch.

The blend of Claims 55 or 72 wherein component (B)
has a particle size of 0.1-15 microns.

The blend of Claims 1, 15 35, 55 or 56 in the form
of a plastic film having a tangent modulus of 2.5
x 10° psi to 0.01 x 10° psi, a tensile strength of
at least 0.5 x 103 psi, an a%erage tear force of
at least 7 g/mil, and an elongation at break of at
least 5%.

The aliphatic—aromatic copolyester of Claim 60 in
the form of a plastic film having a tangent
modulus of 2.5 xiios psi to 0.01 x 10° psi, a
tensile strength of at least 0.5 x 103 psi, an
average tear force of at least 7 grmil, and an
elongation at break of at least 5%.



45 : The exanples of Tables XIl and Xl Il illustrate that hydrophobic
addi tives can be added to blends of cellulose esters and aliphatic

pol yesters or aliphatic-aromatic copol yesters to control water vapor

transm ssion rates of nateLLaLs_pLepared fromthe_bl ends w thout |oss of
mechani cal properties or tear streﬁf . For exanple, thé WTR of the filns

prepared from a CAP/ PTGhip 0.25-1%
.cont roll ed between 244 maim 100 inf[err] Wﬂkﬂiﬂ,}ﬁ””l
- 111 -~

79. The mixture of Claim 72 in the form of a plastic
film having a tangent modulus of 2.5 x 10° psi to
0.01 x 10° psi, a tensile strength of at least
0.5 x 103 psi, an average tear force of at least 7
5 gmil, and an elongation at break of at least 5%.

80. The blend of Claims 1, 15, 35, 55 or 56 in the
form of a film having a thickness of 0.1 mil to 20
mil and a water vapor transmission rate less than
10 500 g m11/m2—24 hours.

81. The aliphatic-aromatic copolyester of Claim 60 in
the form of a film having a thickness of 0.1 mil
to 20 mil and a water vapor transmission rate less
15 than 500 g mil-m?-24 hours.

82. The mixture of Claim 72 in the form of a film
having a thickness of 0.1 mil to 20 mil and a.
water vapor transmission rate less than 500 g
20 mil-m®~24 hours.

83. The blend of Claim 1, 15, 35, 55 or 56
additionally comprising 0.001 to 50 weight %,
based on the total weight of the composition, of

25 at least one additional additive selected from a
non—-polymeric plasticizer, a thermal stabilizer,
an antioxidant, a pro—oxidant, an acid scavenger,
an ultraviolet light stabilizer, a promoter of
photodegradation, inorganics, and colorants.

84. The aliphatic-aromatic copolyester of Claim 60
additionally comprising 0.001 to 50 weight %,
based on the total weigﬁt of the composition, of
at least one additional additive selected from a

35 non-polymeric plasticizer, a thermal stabilizer,



entries 143- 146) W't h i ncreasi ng hydrophobic additive, the WTR decreased
until the W/TR | evel ed of f _at.. around 1@6add|t|ve EXAMPLE 3

Preparation of a 65/ 35 bl end o & r]=0. 10, .
DS[ err] =2. 64)/po|y(tetrqﬂ®$ rate) on the 30~ nﬁ1VVF’tmnn scr
extruder was perforned un i ng conditions a ‘ﬂ“\‘ m
general procedure. Feed y(tetranet hyl ene gc\m m)‘ /h

(15.0 Ib/hr) Feed rate for P = 12. 7 kg/h (28.0 I b/hr)

an antioxidant, a pro-oxidant, an acid scavenger,
an ultraviolet light stabilizer, a promoter of
bhotodegradation, inorganics, and colorants.

5 85. The mixture of Claim 72 additionally comprising
0.001 to 50 weight %, based on the total weight of
the composition, of at least one additional
additive selected from a noh—polymeric
plasticizer, a thermal stabilizer, an antioxidant,

10 a pro—oxidant, an acid scavenger, an ultraviolet
light stabilizer, a promoter of photodegradation,
inorganics, and colorants.

86. The blend of Claim 35 wherein components (a),
15 components (B), and component (C) are miscible.

87. The blend of Claim 35 wherein components (a),
components (B), and component (C) are partially
miscible.

20

88. The blends of Claims 1, 15, 35, 55, or 56 wherein

the blends are used as shaped articles.

89. The aliphatic—ardmatic copolyester of Claim 60
25 wherein the aliphatic-aromatic copolyester is used
as shaped articles.

90. The mixtures of Claim 72 wherein the mixtures are
used as shaped articles.
30 '
91. The blends of Clalm 88 wherein the shaped articles
are bxodegradable.

92. The aliphatic—aromatic copolyester of Claim 89
35 . wherein the shaped articles are biodegradable.



Total out put from extruder 19.5 kg/h (43 I b/hr) Feed Line tenperature =
190[ err] C RPM of the Screw = 207 Torque = 30% Extruder zone tenperatures:
Zone 1 = 180[err]C, Zones 2-7 = 230[err]C EXAMPLE 4 O her bl ends,
including 10, 20, and 40 wt. %pelytetranet hyl ene glutarate with CAP
(DS[err]=0 10, DS[erf]=2.64) were aI prepared Whe W P--ext ruder

{Ccord hg 1o the genefrﬁhsi"mm e e //////’//////I/I/////
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93. The mixtures of Claim 90 wherein the shaped
articles are biodegradable.

94. The blends of Claim 88 wherein molded bars made
s from the blends have a flexural modulus of 5.0 X
10° psi to 0.1 X 103 psi, a flexural strength of

13 x_1o3 psi to 0.1 X 103 psi, and a notched Izod
(23°C) of 1.0 to 25 ft-lbrin. '

10 95. The aliphatic—aromatic copolyester of claim 90
wherein molded bars made from the aliphatic-
aromatic copolyester have a flexural modulus of
5.0 X 10° psi to 0.1 X 10° psi, a flexural
strength of 13 X 103 psi to 0.1 X 10> psi, and a

15 notched Izod (23°C) of 1.0 to 25 ft-lb,in.

96. The blends of Claims 1, 15, 35, 55 or 56 wherein
the blends miscible and are used as films, shaped
articles or fibers and further wherein the

20 aliphatic polyester, aliphatic—aromatic
copolyester, and/or polymer has an inherent
viscosity of 0.3 to 0.6 as measured at a
temperature of 25°C for a 0.5 gram sample in 100
ml of a 6040 parts by weight solution of

25 phenol.tetrachloroethane.



pol yester was added by m xing solid poly(tetranethyl ene
46 glutarate) with CAP(DS[err]=0.10, DS[err]=2.64) and feeding

ALIPHATIC—AROMATIC COPOLYESTERS AND CELLULOSE
ESTER-POLYMER BLENDS

Abstract of the Disclosure

This invention relates to binary blends of
cellulose_esters and aliphatic—aromatic copolyesters,
cellulose esters and aliphatic polyesters as well as

5 ternary blgnds of cellulose esters and-or aliphatic
polyesters and-or aliphatic—aromatic copolyesters and-or
polymeric compounds as well as fibers, molded objects,
and films prepared therefrom.

10 bjd\5\US736262.CIP



both materials into Zone 1 of the exjruder under otherw se simlar

condi ti ons. EXAMPLE 5 Bl ends prepared as in Exanples 3 and 4 were
nmol ded on a Toyo 90 injection nolding machi ne under the follow ng

condi tions. These conditions should not be considered the ideal conditions,
but are typical of those:that can be used on blends of this type. Nozzl e
tenperature = 200[err]C Zone 1 tenperature = 210[err]C

FIGURE 1A

" FIGURE 1B



Zone 2 tenperature = 210[err]C Zone 3 tenperature = 190[err] C Zone 4
tenperature = 180[err]C Melt tenperatuRe = 215[err]C Injection and Hold
Pressures = 5.171 MPa gauge (750 psig) Mld tenperature = 14[err] C Screw
speed = 75 rpm - EXAMPLE 6 .  The physical properties of the blends
prépared as in Exanple 5 are shown in Table XIV as well as physical
properties of the CAP containing 12% nononeric

FIGURE 2A

" FIGURE 2B
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pl asti ci zer.

FIGURE 3



Table XI'V Physi cal Properties of Blends of CAP (DS[err]= 0.10,

DS[err] = 2.64) and Pol y(Tetranethyl ene Gdtarate) Property 10% PTG
20% PTG 35% PTG 40% PTG 12% DOA (units) Tensile 7.9 5 '3 2.8

2.3 4.76 Strength (10 psi)

FIGURE 4



El ongati on 14 41 72 , 93 27 at break (9% Flexural -
3.3 2.1 . 0.78 0.18 2.16 dulus (10[err] psi) |lzod I npact
1.7(0 4.6(0 15. 4 12.9 7.43 23[err]C : (PB)
(NB) (ft-Ib/in) HDT 81 54 41 NT 67




([err]Q This exanpl e denonstrates that aliphatic pol yestgkg lﬁéﬁd’
conponents are very efféctive non-volatile, non- extractable polyneric
additives. These bl ends offer many superior physical properties relative to
a CAP containing a nononeric plasticizer. For exanple, relative to the a
CAP cont ai ni ng 12% DOA, the bl end contaimitng 10% PTG has superior tensile
strength, flexural nodulus, and a higher heat deflection tenperature.

ALIPHATIC-AROMATIC COPOLYESTERS AND CELLULOSE
ESTER/POLYMER BLENDS

Field of Invention
This invention concerns binary blends of cellulose
esters with aliphatic -aromatic copolyesters as well as
ternary blends of cellulose esters with aliphatic-aromatic
10 ‘copolyeSters and/or other polymers. These resins are useful
as moldedhqr extruded plastic objects, fibers, or films.
Moreover, various additives can be added to the blends to
enhance properties such as water vapor transmission rates of
biodegradability.
16
B r £ nventi
It is well known that cellulose esters are important as
commercial plastics and as fibers. 1In general, cellulose
esters are used in plastic applications where hard but clear
20 plastics are required. For example, cellulose esters are
used in tool handles, eyeglass frames, toys, toothbrush
handles, and the like. All of these applications require a
combination of high melting and glass transition
temperatures as well as high modulus and good tensile
25 strength. Formulations based on cellulose esters which
provide plastic films with low modulus but good tensile
strength while maintaining sufficient melting and glass
transition temperatures (Tg) to allow thermal processing are

generally unknown. Formulations based on cellulose

RE'PLA(.)EMENT SHEET

29 SEP 1998




EXAMVPLE 7 The physical properties blends prepared as in Exanple 5 are
shown. in Table Xl V. 48 .

in water. Wielicki (U.S. Patent 3,602,225) teaches the
use of barrier films made of plasticized regenerated
cellulose films. Comerford (U.S. Patent 3,683,917)
teaches the use of a cellulosic material coated with a
water repellent material. EP-A-0387167 discloses blends
of a cellulose ester in up to about 5 weight percent of
a polyester ether.

There exists in the market place the need for
thermoplastics which are useful in molding, fiber, and
film applications. For these applications, it is
desirable that the therﬁéplastic blend be processable at
a low melt temperature and have a high glass transition
temperature. These thermoplastics should not contain
volatile or extractable plasticizers. Moreover, there
is a need in the market place for a biocdegradable
material for use in disposable articles such as diapers,
razors, and the like. As-an example, unlike films
prepared from polymers such as PHB, the material should
be amenabhle to both solvent casting and melt extrusion.
In melt extruding this material, coextrusion with other
thermoplastics should not be a requirement. The barrier
properties of this new biodegradabkle material should be
adequate so that coating with a water insoluble polymer
is not required. The new material should disperse
completely in the environment and not require coating
with a water soluble polymer. The mechanical properties
of the material should be such that films of low modulus
but of high tensile strength can be prepared.

Summary of the Invention

The present invention, in part, concerns binary
blends of cellulose esters and aliphatic-aromatic
copolyesters, as well as térnary blends of cellulose
esters and aliphatic-aromatic copolyesters and polymeric
compounds as well as fibers, molded objects, and films
prepared therefrom which have one or more of the above

or below described desirable properties. REPLACEMENT SHEET

29 SEP 1998
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The present invention is directed to a blend comprising:

(A) 5% to 98% of a €1~y ester of cellulose
having a DS/AGU of 1.7 to 3.0 and an inherent
viscosity of 0.2 to 3.0 dl/g as
measured at a temperature of 25°C for a 0.5 g
sample in 100 ml of a 60,40 parts by weight
solution of phenoltetrachlorocethane, and

(B) 2% to 95% of an aliphatic-aromatic
ccpalyester having:én inherent viscosity of
0.4 to 2.0 dl/g as measured at a
temperature of 25°C for a 0.5 g sample in 100
ml of a 6040 parts by weight soclution of
phenoltetrachloroethane, said percentages

being based on the weight of component (A)
plus component (B), and

said aliphatic aromatic copolyester comprises
repeat units:

—Ll;(n‘)—o—@-(as)l:!— and —IEO(R")—O—E—(RS)—@-—

wherein R and R’ are selected from one or more of
the following groups consisting of Cz‘clz alkylene
or oxyalkylene; Cy—Cya alkylene or oxyalkylene
substituted with one to four substituents
independently selected from the group consisting
of hale, cs—c10 aryl, and Cl--c4 alkoxy; cs—c10
cycloalkylene; Cs—<10 cycloalkylene substituted
with one to four substituents independently
selected from the group consisting of halo, Cs—<10

REPLACEMENT SHEET
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49 Thi s exanpl e denonstrates that aliphatic-aromatic

pol yesters bl end conponents are very effective non- volatile,
non-extractabl e polyneric additives. These blends offer nmany superior
physi cal properties relative to a CAP containing a nononeric plasticizer.
For - - 10a -

aryl, and Cl—c4 alkoxy; Rs is selected from one or
more of the following groups consisting of Co—C12
alkylene; Cz--c12 oxyalkylene; ?2‘C12 alkylene or
oxyalkylene substituted with one to four
substituents independently selected from the group
consisting of halo, Cg—C,,4 aryl, and C,—C, alkoxy;
Cs—C30 cycloalkylene; and Cg-C;, cycloalkylene
substituted with one to four substituents
independently selected from the group consisting
fcf halo, Cg=C;4 aryl, Snd C,—<C, alkexy; RS is
selected from one or more of the following groups
consisting of C,—C,q4 aryl, C,—C,, aryl substituted
with one to four substituents independently
selected from the group consisting of halo, =<,
alkyl, and C,—C, alkoxy.

Further embodiments of the invention are set forth in
claims 2 to 286.

REPLACEMENT SHEET
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exanple, relative to the a CAP containing 12% DOA, all of the above bl ends
at simlar polyner content have superior tensile strengths, flexural

nodul i, and flexural strengths as well as higher heat deflection
tenperatures. This exanple al so teaches sone of the physical property
di fferences between a mscible, i.e., PEET) [70/3Q, cellulose
ester/aliphatic-aromatic blend and a partially mscible, i.e., PEET)

[ 60/40], cellulose ester/ aliphatic-aromatic blend. In general, the
partially m Txtd €l dd epekof et fosuper the [agdntipact strengths,

particul arly at'““EEHJJé:fougam%ﬁgg 8ellulose esters from binary
blends with aliphatic-~aromatic copolyesters as well as
. ternary blends with aliphatic-aromatic copélyesters/
polyacrylates, aliphatic-aromatic copolyesters/
polyvinyl acetates, aliphatic-aromatic copolyesters/
polyvinyl alcohol, aliphatic-aromatic copolyesters/
polyvinyl chloride, aliphatic-aromatic copolyesters/
polycarbonates, aliphatic-aromatic copolyesters/
polyvinyl acetate-polyetﬂylene copolymer, aliphatic-
aromatic copolyesters/cellulose ethers, or aliphatic-
"aromatic-copolyesters/polyamides, as well as other |
polymers to produce resins which are useful as molded
or extruded plastic objects, fibers, or films.
Moreover, various additives can be added to the blend to
enhance properties such as water vapor transmission
rates or biocdegradability.
The cellulose esters of the present invention
generally comprise repeating units of the structure:

REPLACEMENT SHEET

29 SEP 1998




REPLACEMENT SHEET

12

wherein Rl, Rz,'and R3 are selected independently from
the group consisting of hydrogen or straight chain
alkanoyl having from 2 to 10 carbon atoms.

The cellulose esters useful in formulatihg the
blend can be a cellulose triester or a secondary
cellulose ester. Examples of cellulose triesters
include cellulose triacetate, cellulose tripropionate,
or cellulose tributyrate. Examples of secondary
cellulose esters include cellulose acetate, cellulose
Ecetate propionate, and cellulose acetate butyrate.
These cellulose esters are described in U.S. Patents
1,698,049; 1,683,347; 1,880,808; 1,880,560; 1,984,147,
2,129,052; and 3,617,201, incorporated herein by
reference in their entirety.

The cellulose esters useful in the present
invention can be prepared using technigques known in the
art or are commercially available, e.g., from Eastman
Chemical Company, Inc., Kingsport, TN, U.S.A.

The cellulose estars useful in the present
invention have at least 2 anhydroglucose rings and
typically have between 2 and 5,000 anhydroglucose rings;
also, such polymers typically have an inherent viscosity
(IV)-of 0.2 to 3.0 deciliters/gram, preferably 1 to 1.5,
as measured at a temperature of 25°C for a 0.5 g sample
in 100 ml of a 60/40 by weight solution of phenol/tetra—
chloroethane. In addition, the DS/AGU of the cellulose
esters useful herein ranges from 1.7 to 3.0. Preferred
esters of cellulose include cellulose acetate (CA),
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For binary blends, the preferred esters of
cellulose for blending with aliphatic—aromatic
copolyesters are CAP and CAB. The preferred ester of
cellulose is CAP having a DS/AGU of 2.1-2.85 wherein the
DS/AGU of acetyl ester is 1-50% of the total ester
content. The most preferred CAP’s have a DS/AGU of
2.5~2.75 wherein the DS/AGU of acetyl ester is 4-30% of
the total ester content. -/

For ternary blends, the preferred esters of
cellulose for blending with aliphatic-aromatic
copolyesters and polymeric compounds, biodegradable
additives, or hydrophobic agents are CAP and CAB.

The preferred ester of cellulose is CAP having a DS/AGU
of 1.7-3.0 wherein the DS/AGU of acetyl ester is 1-50%
of the total ester content. The most preferred CAP's
have a DS/AGU of 2.5-2.75 wherein the DS/AGU of acetyl
ester is 4¢-30% of the total ester content.

"The aliphatic-aromatic copolyesters that are
useful in blends in the present invention are random
copolymers and comprise repeating units of:
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wherein R* ana R’ are selected from one or more of the
following groups consisting of C,—C,, alkylene or
oxyalkylene; Cy—Cqo alkylene or oxyalkylene substituted
with one to four substituents independently selected

Id
-from the group consisting of halo, Ce—Ci0 2ryl, and

C,~C, alkoxy; Cg—C,o CYcloalkylene; Cs—Cy CSycloalkylene
substituted with one to forr substituents independently
selected from the group consisting of halo, Cg—Cq,q aryl,
and Cl—c4 alkoxy; R is selected from one or more of the
following groups consisting of Co—C;1, alkylene or
oxyalkylene; Cl—c12 alkylene or oxyalkylene substituted
with one to four substituents independently selected

‘from the group consisting of halo, €610 aryl, and

C;—C, alkoxy; Cgz—C,o Cycloalkylene; and Cs—Cipo
cycloalkylene substituted with one to four substituents
independently selected from the group consisting of
halo, C,—C;, aryl, and Cc,—C, alkoxy; R® is selected from
one or more of the following groups consisting of Cs—C10
aryl, Cg,—C,, aryl substituted_with substituted with one
to four substituents independently selected from the
group consisting of halo, ¢,~C, alkyl, and C,—C, alkoxy.

It is preferred that said aliphatic—aromatic
copolyester comprises 10 to 1,000 repeating units. Most
preferred is when said aliphatic—aromatic copolyester
comprises 15 to 600 repeating units.

In the present invention, the mole % of R® in the

‘copolymer can range from 30 to 95%, and the mole % of RS

can range from 5 to 70%. A more preferred range is when
the mole % of R® is from about 45 to 85% and the mole %
of R® is from about 15-55 mol %. The most preferred
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51 These exanples illustrate that filnms prepared fromaliphatic-aromatic
copol yesters have very high elongation, high tear strengths, |ow WTR, and

| ow nodul i and.hence are useful in filmapplications. EXAMPLE 9 - The
physi cal properties of AAPE nol ded bars Tabl e XVI
Physi cal. Properties of AAPE 15

ranges, in general, depend upon the needed level of
miscibility of the copolyester with the cellulose esters
and the physical properties desired. The most preferred
ranges for miscible blends is when R is glutaric and
the mole % of R> in the copolyester ranges from 70 to
85% and the mole % of RS range from 15-30 mol%. The
most preferred ranges for partially miscible blends is
when R> is glutaric andﬁkhe mol% of R in the
fcopclyester ranges from 45 to 60% and the mole % of RS
ranges from 40-55 mol%. Of course, the range of
miscibility of a particular blend can change as the
molecular weight of a blend component is changed. 1In
general, an aliphatic—aromatic polyester having a lower
molecular weight or inherent viscosity will be nore
miscible with a given cellulose ester relative to the
higher molecular weight polyester.

It is preferred that the aliphatic—aromatic
copolyester has an inherent viscdsity of about 0.4 to
about 1.2 as measured at a temperature of 25°C for a 0.5
gram sample in 100 ml of a 6040 by weight solution of
phenoltetrachloroethane.

As used herein the terms "alkyl" and "alkylene"
refer to either straight or branched chain mocieties such
as —CHZ—CHZ—Cﬁz—CHZ— and —CHZCH(X)—CHZ—. Also, all of
the carbon atoms of the cycloalkyl and cycloalkylene
moieties are not necessarily in the ring structure,
e.g., a Cg cycloalkyl group can be cyclooctyl or
dimethylcyclochexyl. The term "oxyalkylene'" refers to
alkylene chains containing from 1 to 4 ether oxygen
groups.
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Property PTS(T) PTS(T) PTET) (units)

[ 70/ 15] [ 70/ 30] [50/50] Tensile Strength 2.89
1.79 " 1.51 (10[err] psi) Elongation at break 482

384 437 (9% Fl exural Mdul us 0. 57 0. 20
0.13 (10[err] psi) 16.

For the purpose of this invention, polyester is
defined as a polyester prepared by a condensation
process or by a biological process.

Typical polymeric compounds for ternary blends
include polyacrylates such as polymethyl methacrylate
(PMMA), polyethyl methacrylate (PEMA), or copolymers
thereof such as those which are commercially available
from Rohm and Haas. Polyvinyl acetate, polyvinyl
alcohol, polyvinyl chlorjde, and polyvinyl acetate—
polyethylene copolymeré'are also useful in ternary
blends and are common commercial polymers which are
-available from companies such as Air Products and
Chemicals, Inc. Polycarbonates, available from GE
Plastics, are also useful in ternary blends. Cellulose
ethers are commercially available from companies such as
Agqualon Co. and are also useful in ternary blends.

Rens_t\cm&m SHEET |
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l zod I nmpact 23[err]C 6.0 (NB) 6.5 (NB) 3.2 (NB)
(ft-1b/in) 1zod Inpact -40[err]C 0.44 (CB) 0.86 (CB)
8.23 (NB) (ft-Ibin) Thi s exanpl e denonstrates that AAPEs have very
hi gh el ongation at break, Iom1f|exuraH7nDdqus and excellent |zod | npacts.

EXAMPLE 10

Polyamides, e.g., nylon 6 which is available from Ashley
Polymers, Inc., is also highly useful in ternary blends.
For this invention, preferred polyacrylates are PMMA.
The preferred polyvinyl alcohols are those that are

5 5-60% hydrolyzed and have a molecular weight of 1,000 to
30,000. The preferred cellulose esters are
hydroxypropyl cellulose (HPC) and hydroxypropyl methyl
cellulose (HPMC). The preferred polyvinyl acetate will
‘have a molecular weight of 1,000 to 1,000,000.

10 Typical biodegradable additives for binary and
ternary blends of this invention include micro- _
crystalline cellulose, cellulose monoacetate, starch and
other carbohydrates. The preferred materials are micro-—
crystalline cellulose, available from FMC, or starch,

15 available from National Starch Co., which typically have
a particle size of 1-200 microns; the preferred particle
size is 0.1-15 microns. Also preferred are cellulose
monoacetates which have a DS/AGU of 1.2 to 0.4 and will
be either water soluble or water swellable.

20 Typical immiscible hydrophobic agents include
paraffin, monoacyl carbohydrates, and monoglycerides.
An'ekample'of a monoacyl carbohydrate is 6—O-steryl—
glucopyranoside. The preferred hydrophobic agents are
monoglycerides containing C12—C18 fatty acids. These

25 monoglycerides containing C12—-C18 fatty acids méy also
be optionally acylated with 5-95% acetyl, propionyl,
butyryl, or succinyl groups. The more preferred
monoglycerides are those containing C16-C18 fatty acids.
The most preferred hydrophobic agent is glyceryl

30 monostearate.

The preparation of polyesters and copolyesters is
well known in the art (U.S. Patent 2,012,267,
incorporated herein by reference in its entirety). Such
reactions are usually carried out at temperatures from
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A variety of conditions are available for producing nelt blown filnms from
the blends of this invention. Tenperature set points for the extruders can
vary depending on the level of additives, if any: For this exanple, all

heater zones were set between 190 and %00[err]C
1

150°C to 300°C in the presence of polycondensation
catalysts such as titanium tetrachloride, manganese
diacetate, antimony oxide, dibutyl tin diacetate, zinc
chloride, or combinations thereof. The catalysts are
typically employed in amounts between 10 to 1000 pom,
based on total weight of the reactants.

A representative aliphatic-aromatic copolyester is
poly(tetramethylene glutarate—co—terephthalate)
containing 30 mole per cént terephthalate. This
polyester is produced when dimethylglutarate, dimethyl
terephthalate, and 1,4-butanediol are heated at 200°C
for 1 hour then at 245°C for 0.9 hour under vacuum in
the presence of 100 ppm of Ti present initially as
Ti(oter),.

It is preferred that said aliphatic-aromatic
copolyester for use in blending is prepared from any
polyester forming combination of dicarboxylic acids or
derivatives thereof, and diols. Said dicarboxylic acids
are selected from the group consisting of the following
diacids: malonic, succinic, glutaric, adipic, pimeliec,
azelaic, sebacic, fumariec, 2,2-dimethyl glutaric,
suberic, 1,3-cyclopentanedicarboxylic, 1,4—cyclchexane-
dicarboxylic, 1,3-cyclohexanedicarboxylic, diglycolic,
itaconic, maleic, 2,5—-norbornanedicarboxylic,
1,4~terephthalic, 1,3—terephthalic, 2,6-naphthoic,
1,5—naphthoié, and ester forming derivatives thereof,
and combinations thereof; and said diols are selected
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52 with a screw rpmof 25 to 30. This pr asUFs mel t
lenperature of 183[err]C. Heater tenperatures SREBEACFM'“’ sed,
especially in the die area, by 5 to 10[err]Cif "’“”ﬁlgher | edells of
TiJerr] (or any -antiblocks such as talc or 5 arit h) are
used in order to prevent clogging of the die ttings
wll also vary dependi ng on the tyﬁb of scke e sjze of
the extruder. The preferred tenperatures are 1754215[err]C. | owi ng
conditions can be characterized by the blow up 1 o (BUR), the ratio

of bubble dianeter to die di anet er which gives an indication of hoop
or transverse from thki rempupncéris)ssingt ofi; ebhylapedgivedbywndiathylebeR),

glycol, propylene glycol, 1,3-propanediol,
2,2—dimethyl-1,3-propanediol, 1,3-butanediol,
1,4-butanediol, 1,5-pentanediol, 1,6-hexanediol,
2,2,4~trimethyl-1, 6~hexanediol, thiodiethanol,
1,3—cyclohexanedimethanol, 1,4—-cyclohexanedimethanol,
2,2,4,4-tetramethyl-1,3—cyclaobutanediocl, triethylene
glycol, tetraethylene glycol, and combinations thereof.

Specific exampleéjaf preferred aliphatic-aromatic
copolyesters for blending include poly(tetramethylene
glutarate—co—terephthalate—co—diglycolate) [50-45.5],
poly(tetramethylene glutarate—co—terephthalate) ([50.50],
poly(tetramethylene glutarate—co-—terephthalate) (60407,
poly(tetramethylene glutarate—co—~terephthalate) [70.30],
poly(tetramethylene glutarate—cc—tefepnthalate) (85-15],
poly(ethylene glutarate—co—terephthalate) (7030},
poly(tetramethylene adipate—co—terephthalate) ([85.15],
poly(tetramethylene .succinate—-co—-terephthalate) [85./15]
and poly(tetramethylene—co—ethylene glutarate—co—
terephthalate) [50.50,70.30]. '

The aliphatic—-aromatic copolyesters (referred to as
AAPE herein) that are useful in the present invention
without requiring blending of a significant amount of
anothef component are essen;ially linear, random
copolymers and preferably cémprise repeating units of:

-Eomll)og(nn)g} and —E—O(Rlz)Og(Rl4)g}

wherein R and R'? are the same and are selected from
the groups consisting of C2—C8 alkylene or oxylalkylene;
R;3 is selected from one or more of the groups
consisting of C0—C8 alkylene or C2-C4 oxyalkylené, and
the mole % of RI3 is 95-35%: Rl4 is selected

from the group of C6—-C1l0 aryl, and the mole % of RY% is



which is an indication of the axial or machine direction (MD)
stretch. If the BUR and DDR are equal then the 15 amount of stretch in
the MD and TD i s approxi mately the same resulting in "bal anced” film
Bl own fil mwas produced froma blend consisting of 98% of a 60/ 40

bl end of cellul ose acetate propionate 20 (DS[err] = 0.10, DS[err] =
2.64) and poly(tetranethylene 20 glutarate), and 2% TiJerr]. The
TiJerr], added in the form of a mast erbatch (bl ended aj, a | evel of
20% and TGt i Aape neefonned AAPDHrake thowdtwerehn oRagand

film The bl oyl il Wae REHMEGRHA @é;g%é@&a Hr c2-ca S0@Gedd oW film

| i ne which consissted of a Killion 1.2 inch extruder with a 15:1 gear
reducer. The Fscrdw Bgdested Lropfddciemimansy Al feewFIPURe L/ D of 24 to 1

al though a consisting of C2-Cé alkylene or C2 oxyalkylene, and the
mole % of RY® is 95-40%; R is 1,4~-disubstituted-Cs
aryl, and the mole % of R** is 5-60%. The most
preferred compositions for these AAPE are those prepared
from the following diols and diacids (or polyester

forming derivatives thereof) in the following mole %:
V4

(1) Glutaric acid (30-65%); diglycolic acid (0~10

' mol%); terephthalic acid (25-60%); 1,4-butanediol
(100 mole%). '

(2) Succinic acid (30-85%); diglycolic acid (0-10%);
terephthalic acid (5-60%); 1,4~butanediocl (100
mole%).

(3) Adipic acid (30-65%); diglycolic acid (0-10%);
terephthalic acid (25-60%); 1,4—butanediol (100
moled).

Specific examples of preferred AAPE for
" applications where blending is not required include
poly(tetramethylene glutarate-co—terephthalate—co—
diglycolate) [50-45/5], poly(tetramethylene glutarate—
co-terephthalate) [50-50], poly(tetramethylene
glutarate—co~terephthalate) (60.740], poly(tetra-

methylene glutarate—co—terephthalate) (4060},

poly(tetramethylene succinate-co—terephthalate) (85-15],

poly(ethylene succihéte—co—terephthalate) {7030],

poly(tetramethylene adipate—co—terephthalate) {85,135],

and poly(tetramethylene succinate~co—terephthalate)

{7030].
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general purpose screw has al so been used. Conpression ratio for the

m xing screw was 3.5:1. A 1.21 inch die wth a5 ml die gap was
used. The air ring was a 30 Killion single-lirp, No. 2 type. Prior to
processi ng, the bl ends were dried overnight at 50[err]Cin

dehum dified air dryers. 21 For this exanple, the BUR was
2.20 and the DDR was 1.13 resulting in a filmw th an average

t hi ckness of 2 35 mls. This produced a filmw th average tear
strengt hs

Any of the blends, AAPEs, films, plastic objects,
and fibers of the invention can optionally additionally
comprise 0.001 to 50 weight per cent, based on the total
weight of the composition, of at least one additional

- additive selected from a non-polymeric plasticizer, a
thermal stabilizer, an antioxidant, a pro—oxidant, an
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53 of 8.9 and 7.5 g/ml in the MD and TD, respectively.

Addi tional ly,
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el ongation to break values for these g .
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acid scavenger, an ultraviolet light stabilizer, a
promoter of photodegradation, inorganics, and colorants.
Typical non—polymeric plasticizers include dioctyl
adipate, phosphates, and diethyl phthalate.
Representative inorganics include talc, Tioz, CaCo,,
NH4C1, and silica. Colorants can be monomeric,
oligomeric, and, of course, polymeric. Preferred
polymeric colorants are,aliphatic polyesters, aliphatic—

"aromatic copolyesters,“or aromatic polyesters in which

the color producing monomer, i.e., a dye, is covalently
incorporated into the polymer. Such representative
polymeric colorants are described by Weaver et al. in
U.S. Patents 4,892,922, 4,892,923, 4,882,412, 4,345,188,
4,826,903, and 4,749,773 and are incorporated herein by
reference in their entirety. These polymeric dyes are
represented by poly(tetramethylene terephthalate)
containing 10% 1,5-bis(0O—carboxyanilino) anthraquinone.

Of course, it is also preferred, but not required,
that the blends of the invention, as well as the films,
plastic objects, and fibers prepared from the blends, be
compatible and/or biodegradable. The preferred blends,
films, plastic objects, and fibers are compatible as
evidenced by improved mechanical properties, having a
single Tg, and/or being substantially clear or
substantially non—hazy. It is also preferred, but not
required, that the AAPE, as well as the films, plastic
objects, and fibers prepared from the AAPE be
biodegradable. _ _

Films made from the blends have good tensile
properties and can be very flexible depending upon the
type of cellulose ester and aliphatic polyesters,
aliphatic—-aromatic copolyesters, and-sor polymeric
compound selected. Many of the films have good optical
properties, i.e., are preferably substantially clear;



directions are 101 and 79% tangent noduli are 30 and 24 ksi, and break
stresses are 3.9 and 3.6 ksi. BUR val ues have been tr/i ' to

3.9 and DDR values fromO0.5 to 20 by changi ng bl ow cqn@®EPLANTEMENTASRHEETO
going to a thicker die gap. Increasing these paranetqr, gerer-at-ty—re
in inproved properties except for % el 23igati on which is,gfgwﬁﬁgaqggr
exanple, a 0.5 ml| filmwith a BUR of 2.76 and a DDR}off 3789 ha el
tear strengths of 31.3 and 29.7 g/m |, elongation to {bneak values aof}7
of 57 and 86 ksi, and break stresses of 3.2 and 4.9 ksi fo
respectiyvely.

37% nodul i

MD and TD,
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the films can also contain significant quantities of
colorant (i.e., pigment or dye). Because these films
can contain dyes or pigments, extensive purification of
PHA, such as PHB, to remove cellular material is not
required.

For f£ilm used in environmentally non—persistent
applications, it is preferred that the blend used to
make the film be compriged of a cellulose ester with a

"DS of (2.1-2.75) and with a high Tg (140-180°C). Since

the blends of this invention generally exhibit a Tg
which can be predicted from the equation, Tg,, = Tg,W%,
+ ngw%z, use of a cellulose ester with a higher Tg
permits the incorporation of more polyester into the
blend than is possible when using a cellulose ester with
a lower Tg while still maintaining equivalent blend
Tg’s. Moreover, we have surprisingly found that because
the lower DS cellulose ester generally has a higher
modulus, incorporation of more polyester in the blend

- with the low DS cellulose ester leads to films with

equivalent mechanical properties to films made from
blends composed of a cellulose ester with a lower Tg and
lower polyester content. Incorporation 6f more
polyester in the blend is highly desirable since the
blends with higher polyester content will biodegrade at
a faster rate.

Of course, many of the AAPEs of this invention
which do not require blending are also useful in f£ilm
applications. While these AAPE do not have as high as a
melting point as poly(ethylene terephthalate), the AAPE
have higher melting points that are generally observed
with aliphatic poiyesters and are therefore useful in
many applications, particularly those requiring
biodegradability. Succinic acid based AAPEs show
particularly good utility in these applications due to



EXAMPLE 11

a 15:1 gear
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Bl own fil mwas produced from bl ends consisting of cellulose
acetate propionate (DS[err] = 0.10, DS[err] = 2.64)F§E§‘ T erraEt hyl ene
gl utarate-co-terephthal ate). The blown filmwas prqdyc ﬁﬁigHﬂgb(ratory
scale blown filmline which consistedN%I a Killion{l1.425 inch extrudeg with
reducer. The screw was a Madd

to 1 although a general purpose screw has al so been ysed. Conpressiop ratio
for the mxing screwwas 3.5:1. A 1.21 inch die witth a 25 T—dire—gap was
used. The air
pr ocessi ng,

—+

ock m xi ng

ring was a Killion single-lip, No. 2ltype,  Prior to

t he,  bl,ends_wer.e driedqd overnight at ,50[err]lC in dehumdified air
dryers. The rebBrEE £Péa§PV8gYi lﬁgbpél pg.p01n%L. hhek

copolyesters have been shown to be degradable even
though they are semicrystalline and contain substantial
amounts of aromatic groups. Furthermore, diglycolic
acid has been found to be a useful comonomer for these
AAPE because it aids in the initial breakup of the
films.

These AAPEs are also particularly useful in molded

"parts, extruded objects, fibers, non—wovens, and foamed

objects which benefit from being biodegradable. Films
and fibers made from these copolyesters can be oriented.
Orientation in many of these copolymers (especially
those containing 1,4-butanediol) is accompanied by
improved physical properties and a change from being

-opaque to being clear. AAPE films can be oriented

uniaxially or biéxially and can be oriented in a blown
film operation.

The blends and-sor AAPE of this invention are useful
in packaging applications where thin films are
desirable. Many of the blends and /or AAPE of this
invention are particularly useful as thin barrier films
where they must function as a barrier and/or be
biodegradable. For example, these blends are useful as
protective barrier films and may be used in disposable
absorbent articles such as infant diapers, incontinence

'briefs, sanitary napkins, tampons, bed liners, bedpan

liners, bandages, and the like. It is preferred that
the films of the invention have a tangent modulus of 2.5
x 10° psi to 0.01 x 107 psi, a tensile strength of at
least about 0.5 x 103 psi, an average tear force of at
least about 7.0 g-mil, and an elongation at break of at
least about 5%. Also preferred is wherein said films
have a thickness of about 0.1 mil to about 20 mil and a

yp29vSER 1998 LA D] of 24
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water vapor transmission rate less tniﬁﬁmﬁmnrﬂmmrjr——J

mil/m2-24 hours.

The blends of this invention can alsoc be used in
the other parts of disposable diapers. In addition to
being used as a protective barrier film, these blends
can be used as tabs, nonwovens,'fibers, tape, and other
parts needed in the construction of a diaper.

We have found that films prepared from these binary

and ternary blends of céllulose esters with AAPEs have
.desirable moisture barrier properties. With the blends,

the specific rates can be modified by modification of
the blend composition. For example, the water vapor
transmission rates can be controclled by the amount of
aliphatic-aromatic copolyester, or polymeric compounds
present in the binary or ternary blends. The water vapor
transmission rates can also be controlled by the amount
of aromatic dicarboxylic acid monomer present in the
aliphatic-aromatic copolyester component of the blend.
Of course, the water vapor transmission rates of the
blends can be additionally controlled by the addition of
an immiscible hydrophobic agent. '

The blends and or AAPEs of this invention are also
useful as molded plastic parts or as solid, foamed
plastic objects. Examples of such parts include
eyeglass frames, toothbrush handles, toys, automotive
trim, tool handles, camera parts, razor parts, ink pen
barrels, disposable syringes, bottles, and the like.
The plastic parts, especially those made by a foamed
method which gives the plastic part increased surface
area, of this invention are particularly useful in.
applications were it is desired that the plastic part be
environmentally non—persistent. Injection molding bars
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made from the blends and/or AAPE of the invention |
typically have a flexural modulus of 34.5 x 102

MPa-0.69 x 102 MPa (5.0 x 10° psi to 0.1 x 10° psi), a
flexural strength of 89.63 x 10° xPa-0.69 x 10° kPa (13
x 10-3 psi to 0.1 x 10° psi), and a notched Izod (23°C)
of 1.0 to 25 ft-1lb/in. It is preferred that the molding
bars have a flexural modulus of 26.2 x 10° MPa-10.34 x
102 Mpa (3.8 x 10° psi to 1.5 x 10° psi), a flexural
strength of 78.6 x 103 kPa-27.6 x L03 kPa (1l1.4 x 10°

psi to 4 x 10° psi), and;a notched Izod (23°C) of 2 to
15 ft-1b/in. *?

The blends and-ror AAPE of this invention are also
useful as fibers. Examples of fiber applications
include cigarette filters, diaper topsheet, sanitary
napkins, fishing line, fishing nets, fiber for producing
surgical clothing, hygiene articles, absorbent fibers,
fibers for conveying ligquids, and the like. We have
found that, in addition to being spun from an
appropriate solvent, the blends and or AAPE of this
invention can be melt-spun to produce fibers with
excellent strength. The fibers can be oriented by
drawing the fiber after spinning or by orientation
during the spinning (cabinet orientation). Fibers
produced from the blends andror AAPEs have excellent
shape retention even for fibers with complex cross—
sectional shapes. We have also found that the fibers
can be readily crimped. Fiber produced from the blends
and or AAPEs typically have a denierfilament (DPF) of
30-0.1. The preferred denier is 10-1.5 DPF. For fluid
management, the fiber can contain hydrophobic agents or,
optionally, can be coated with hydrophobic agenté.

The blends, films, plastic objects, and fibers
prepared from the blends of the invention have a melt
temperature between about 120°C and about 280°C. The
preferred melt temperature range from 150°C to 190°C.
Also, such blends, films, plastic objects, and fibers

have a glass transition temperature (Tg) as measured by
temperature between 120°C and 280°C. The



The entries of this exanple denonstrate that fil m bl opkr—ftom bl ends Of
cel lul ose acetate propionate and aliphatic-aromatic.c p‘?ﬂPﬁASEM{EW SHEET Very

hi gh tear strengths and el ongation at break. Moreover reat—pr-opqr tji es
such as tear strength can be high in one direction orjclan ugﬁ#y equal
in both directions denonstrating that 4?his filmcan or?§ﬁ§gg.

general, a balanced filmis obtained by choice of th LR ratio

differential scanning calorimetry (DSC) or dynamic

.mechanical thermal analysis (DMTA) of about 25°C to

about 200°C. The preferred range for the glass

transition temperatures is 50°C to 100°C. The blends
5 and films are also preferably non-tacky.

The preferred AAPE of this invention and products
made therefrom have melting points between 75°C and
160°C. The more preferyed range is between 80°C and

" 140°cC. g

10 For the blends of the invention containing
cellulose esters and aliphatic—aromatic copolyesters,
the preferred level of polyester in the blend depends,
in general, upon the desired level of miscibility of the
blend and upon the needed physical properties. A

15 preferred range is when component I(B) is present in an
amount of about 5% to about 75% and component I(A) is
present in an amount of about 25% to about 95% and that
component I(A) have a DS of 2.1-2.75. When it is
desirable to have higher tensile strength, flexural

20 strength, and flexural modulus in molded plastic objects
and the like, a more preferred range is when component
I(B) is present in an amount of about 5% to about 25%
and that component I(B) has an I.V. of 0.2-2.0 and
component I(A) is present in an amount of about 75% to

25 about 95% and that component I(A) have a DS of 2.1-2.7S5.
When it is desirable that the blend used for the molded
plastic part be miscible, that is optically clear, it is
preferred that component I(B) have an I.V. of 0.3-0.6
and be present in the amount of 5-25%. When it is

30 desirable to have lower modulus blends for applications
such as films, bottles, fiber, and the like, a more
preferred range is when component I(B) is present in an
amount of about 30% to about 75% and component I(A) is
present in an amount of about 25% to about 70% and that
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component I(A) have a DS of 2.1-2.75. When it is
desirable to have a miscible blend useful in films,
bottles, fiber, and the like, a more preferred range is
when component I (B) is preéent in an amount of about 30%
to about 55%, RO is glutaric present in the 70-35%
range, and component I(A) is present in an amount of
about 45% to about 70% and that component I(A) have a DS
of 2.5-2.75. The most preferred partially miscible
blend useful in films is when component I(B) is presenﬁ
in an amocunt of about 60% to about 75%, RS is glutaric
present in the 45-80% range, and component I(A) is
present in an amount of about 25% to about 40% and that
component I(A) have a DS of 2.5-2.75.

For the blends of the invention containing
cellulose esters, aliphatic~-aromatic copolyesters
and polymeric compounds it is preferred that
component III(B) is present in an amount of 10% to
50%, component III(A) is present in an amount of
40% to 88% and that component III(A) have a DS of
2.1-2.75, and that component III(C) is present in
the amount of 2% to 10%. Also preferred is when
component III(B) is present in an amount of 2% to 10%,
component III(A) is present in an amount of 40% to

" REPLACEMENT SHEET
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88% and that component III(A) have a DS of 2.1-2.75, and
that component III(C) is present in the amount of 10% to
50%. Additionally preferred is when component fII(B) is
present in an amount of 40% to 88%, componént III(a) is
present in an amount of 2% to 10% and that component
IIi(A) have a DS of 2.1 to 2.7, and that component
III(C) is present in the amount of 10% to 30%. Also
preferred is when component III(B) is present in an
amount of 10% to about 50%, component III(A) is present
in an amount of 2% to 10% and that component III(A) have
a DS of 2.1 to 2.7, and that component IIIL(C) is present
in the amount of 40% to 88%. Another preferred range is
when component IIIL(B) is present in an amount of about
20% to about 40%, component III(A) is present in an
amount of about 20% to about 40% and that component
III(A) have a DS of 2.1~-2.7, and that component III(C)
is present in the amount of 20% to 40%.

For the binary and ternary blends containing
biodegradable additives it is preferred that component
IV(B) is present in an amount of 1% to 10% and component
IV(A) is present in an amount of 90% to 99%.

For the binary and ternary blends containing
immiscible hydrophobic agents it is preferred that
component V(B) is present in an amount of 0.1% to 1% and
compbnent V(A) 1s present in an amount of 99% to 99.9%.

Physical mixing of the components to form a blend
can be accomplished in a number of ways such as mixing
the components in the appropriate solvent (e.g.,
acetone, THF, CH;Cl;/MeCH, CHCl;, dioxane, DMF, DMSO,
AcOMe, AcOEt, pyridine) followed by f£ilm casting or
fiber extrusion. The blend components can also be mixed

REPLACEMENT SHEET
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by thermally compounding. The most preferred method is
by thermally compounding in an apparatus such as a
torque rheometer, a single screw'extruder, or a twin
screw extruder. The blends produced by thermally
compounding can be converted to thin films by a number
of methods known to those skilled in the art. For
example, thin films can be formed by dipcoating as
described in U.S. Patent 4,372,311, by compression
iolding as described in%das. Patent 4,427,614, by melt
extrusion as described in U.S. Patent 4,880,592, by melt
blowing, or by other similar methods. The blends can be
converted to molded plastic objects by injection molding
as well as by extrusion into a sheet from which an
object is cut or stamped. The thermally compounded
blends can be used for melt extrusion of fiber as well.

The fibers and films prepared from the blends
of the present invention are useful in applications
where protective barrier films are desirable. For
example, they may be used in absorbent articles
such as infant diapers, incontinence ‘briefs (adult
diapers), sanitary napkins, tampons, bed liners,
bedpans, bandages. The biodegradable
films, fibers, AAPE, and blends of the invention are
particularly useful in disposable articles because of
environmental considerations. The blends and-or films
of the invention can also be used to make non—absorbent
articles such as packaging materials (for example, foam
sheets for packaging)f food bags, trash bags,
agricultural compost sheets, film base for tape and
photographic film, as well as solid plastic articles
such as syringes and camera cases.

Biodegradable materials, such as the preferred
barrier films of this invention, are materials that are
comprised of components which, by microbial catalyzed



anhydr ogl ucose unit)of 1.7 to 3.0 and an _inherent viscosity

of 0.2 to 3.0 dl/g as neasured at a te t r
for a 0.5 ¢ sanple in 100 mM of a 60/4 RE MEFQ?@?
sol ution of phenol/tetrachl oroet hane, and (Bl 2% to 95% of

al i phatic-aromatic copol yester 31 havi ng an]i dRrSER W8scps
of 0.4to 2.0dl/g as neasured at a tefpeérature of 25[p
for a 0.5
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degradation, are reduced in film or fiber strength by
reduction in polymer size to monomers or short chains
which are then assimilated by the microbes. 1In an
aerobic environment, these monomers or short chains are
ultimately oxidized to co,, H,0, and new cell biomass.
In an anaerobic environment the monomers or short chains
are ultimately oxidized to co,, Hz; acetate, methane,

and cell biomass. Successful biodegradation requires

that direct physical contact must be established between
the biodegradable material and the active microbial
population or the enzymes produced by the active
microbial population. An active microbial population
useful for degrading the films and blends of the
invention can generally be obtained from any municipal
or industrial wastewater treatment facility in which the
influents (waste stream) are high in cellulose
materials. Moreover, successful biodegradation requires
that certain minimal physical and chemical requirements
be met such as suitable pH, temperature, oxygen
concentration, proper nutrients, and moisture level. We
have found that certain cellulose esters are biodegrad—
able in conventional wastewater treatment facilities and
in an in vitro enrichment system and hence are
particularly useful in the preparation of blends to be
used for barrier films and fibers in disposable
articles. We have also found that many of the blends -
and AAPE degrade in a composting environment and hence
are useful in the preparation of materials to be used as
environmentally nonpersistent materials.

The following examples are to illustrate the
invention but should not be interpreted as a limitation
thereon.

]C
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g sanple in 100 ml of a 60/40 parts by weight 15 sol ution df

phenol / t et rachl or oet hane, said per cent ages bei ng based on
t he wei ght of conponent (A)  plus conponent (B), and
said aliphatic aromati c copol yester CONRI—-Sea—tE nits
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EXAMPLES

In the following examples, the blends were prepared

by three general methods:

(1)

(i)

the blend components are shaken together before
compounding at the appropriate temperature in a
Rheometrics Mechanical Spectrometer. The
resulting resin_%s typically ground to 5 mm
particle size and a portion is pressed between
two metal plates at a temperature above the melt
temperature of the resin to form a melt pressed
film;

blends of the cellulose esters and polyesters
were prepared by compounding on a 30 mm Werner-—
Pfleiderer twin screw extruder. The typical
procedure is as follows: Two separate feed
systems, one for the cellulosic and one for the
polyester were utilized for this method of melt
blending. The cellulose ester was added as a dry
powder in Zone 1 and the polyester was added as a
viscous liquid in Zone 3. The cellulose ester
was added at the desired rate using an AccuRate
feeder through a hopper intc the barrel of the
extruder. The polyester was pre—heated under
nitrogen and was poured into a heated feed tank.
The polyester was maintained under a nitrogen
atmosphere and gravity fed through a stainless
steel line to a gear punmp which transferred the
molten material through a stainless steel line
1.27 cm ((1/2 inch) outer diameter) into the
barrel of the extruder. All lines for this
feed system were heated and insulated. The
production rate of the extruder is in the range
of 4.54-22.7 kg/h (10-50 pounds/hr). The zone
temperatures are set depending on the exact
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nature of the polyester and the cellulose ester
and generally vary in the range of about 100°C to
250°C. Afterwards, the two strands of material
exiting the extruder were quenched in water anc
chopped with a CONAIR JETRO pelletizer.

(1ii). blends of the cellulose esters and polyesters
were prepared by compounding on a 30 mm Werner-—
Pfleiderer twin screw extruder. The typical
procedure is as folldws: A single feed system was
utilized for this method of melt blending. The
cellulose ester and the polyester were dry
blended and added as a solid in Zone 1. The dry
blend was added at the desired rate using an
AccuRate feeder through a hopper into the barrel
of the extruder. The production rate of the
extruder is in the range of 4.354-22.7 kg/h
(10~50 pounds/hr). The zone temperatures
ars set depending on the exact
nature of the polyestar and the cellulose este
and generally vary in the range of about 100°C to
250°C. Afterwards, the two strands of material
exiting the extruder were quenched in water and
chopped with a CONAIR JETRO pelletizer.

The tensile strength, break to elongation, and
tangent modulus of the films are measured by ASTM method
D882; the tear force is measured by ASTM method D1938;
the oxygen and water vapor transmission rates are
measured by ASTM methods D3985 and F372, respectively.
The tensile strength and elongation at break for molded
Pieces are measured by ASTM method D638; the flexural
strength and modulus by ASTM method D790; the Izod
impact strength by ASTM umethod D256; the heat deflection
temperature by ASTM method D648. Inherent viscosities
are measured at a temperature of 25°C for a2 0.5 gram
sample in 100 ml of a 6040 by weight solution
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phenoltetrachlorcethane. Dynamic mechanical thermal
analysis (DMTA) spectra were collected using a Polymer
Laboratories Mk II at 4°Comin and 1 Hz.

Abbreviations used herein are as follows: "IV" is
inherent viscosity; "g" is gram; "psi" is pounds per
square inch; "cc" is cubic centimeter; "m" is meter;
"rpm" is revolutions per minute; "DSPr" is degree of
substitution per anhydrgglucose unit for propionyl;

" "DSAc" is degree of substitution per anhydroglucose unit

for acetyl; "DSBu" is degree of substitution per
anhydroglucose unit for butyryl; "BOD" is biochemical
oxygen demand; "vol." or "vY is volume; "wt." is weight;
"nmm" is micrometer; "NaOAc" is sodium acetate; "nm" is
not measured; “CE" is cellulose ester; "“PE" is
polyester; "DOA" is dioctyl adipate; "HDT" is heat
deflection temperature; “"WVTR" is water vapor
transmission rate} "mil" is 0.001 inch. Relative to the
clarity of the films, "+% indicates a transparent film
characteristic of a miscible blend; "+" indicates a hazy
film characteristic of a partially miscible film; "-¢
indicates an opaque film characteristic of a immiscible
blend; "AAPE" is aliphatic-aromatic copolyester and, as
used herein, refers to the copolyesters where blending
is not required. Relative to naming of the cellulose
ester, "CAP" is cellulose acetate propionate; "CA" is
cellulose acetate; "CAB" is cellulose acetate butyrate.
Relative to naming of the polyester, representative
examples are: "PTS(T) ([85-15]" is poly(tetramethylene
succinate—co-terephthalate) were the mole per cent of
succinate to terephthalate is 85-15; "PTA(T) (85-15]" is
poly (tetramethylene adipate-—co—-terephthalate) were the
mole per cent of adipate to terephthalate is 85.15;
"PTG(T) [85-15]" is poly(tetramethylene glutarate-co—
terephthalate) were the mole per cent of glutarate to
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group consi sting of hal o, CJerr]-Clerr] aryl and q'J80C
[err] al koxy; C[err]-Cerr] cycl oal kyl ene} &pd-Cloril-Clelr
cycl oal kyl ene substituted '

terephthalate is 85.15; "PTG(T) (D) [6035.5]" is
poly(tetramethylene glutarate—co—terephthalate—co—
diglycolate) were the mole per cent of glutarate to

" terephthalate to diglycolate is 60..35/5; "PTG(N)

[85/i5]“ is poly(tetramethylene glutarate—-co—
naphthalate) were the mole per cent of glutarate to

naphthalate is 85-15; YPES" is poly(ethylene succinate);

“"PHS" is poly(hexamethylene succinate); "PEG" is

" poly(ethylene glutarate), "pTG" is poly(tetramethylene
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glutarate); “PHG" is poly(hexamethylene glutarate);
WPT(E)G [50/50]" is poly(tetramethylene-~co-ethylene

glutarate) were the mole % of tetramethylene to ethylene

is 5050; “PEA" is poly(ethylene adipate); "PDEA" is
poly(diethylene adipate); "PHA" is poly(hexamethylene
adipate). Other abbreviations are: "TEGDA" is
triethylene glycol diacetate; "PVA"™ is poly(vinyl

acetate); "PMMA" is poly(methyl methacrylate); "PEMA" is

poly(ethyl methacrylate). MYVAPLEX 600 is the trade
name for concentrated glyceryl monostearates and is
available from Eastman Chemical Company. MYVAPLEX
concentrated glyceryl monostearate is a 90% minimum
distilled monoglyceride produced from hydrogenated

soybean o0il which is composed primarily of stearic acid

esters. MYVACET is the trade name for distilled

acetylated monoglycerides of modified fats. The per
cent acetylation of MYVACET 507 ranges from 48.5 to
51.5; the per cent acetylation of MYVACET 707 ranges

from 66.5 to 69.5; the per cent acetylation of MYVACET

908 is a minimum of 96. MYVEROL is the trade name for
concentrated glyceryl monostearates and is available

from Eastman Chemical Company. MYVEROL is very similar

to MYVAPLEX except that the distilled monoglyceride is
produced from different fat sources.



with one to four substituents independently selected 15 fromthe
group consisting of halo, (Jerr]-(ferr] aryl, and _
Cerr]-Cerr] alkoxy; Rerr] is selected fromone or nore of the
foll owi ng groups consisting of Clerr]-Clerr] aryl, Cerr]-Cerr]

aryl substituted with one to four subsfituents i ndependent | y
sel ected fromthe group consisting of 20 - hal o, Cl1-C4 al kyl, and
Cerr]-Cerr] al koxy. .

EXAMPLE 1 |

Blends of cellulose acetate_propionate (DSAc =
0.10, DSp,. = 2.64, IV = 1.3) and aliphatic—-aromatic
copolyesters and films made from the blends were

5 prepared using the standard procedures. Glass

transition temperature were measured by DMTA and were
calculated using the Fox-Flory equation. The results
are given in Tables I and II.
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The blend of Caim1l wherein the cell ul ose ester

DS/ AGU of from2.1 to 2. 85.
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cycl oal kyl ene;
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the nmol e % of

nole % of Rerr] is 15 from53% o0 70% 6 The bl end o
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75% and conponent (A) is

R5 is selected from(err]-Clerr] al kylje rihke
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Cerr]-Cerr] aryl. 5. The bl epd{of O aim 1 wher
Rlerr] in the copol yner is ffo SEPWIB ahd

n conponent (B) is present ‘i h an anount of 5 t

The IV data from Table I illustrates that the
molecular weight of the blend components are preserved
in the blending process. As the clarity indicates, the
films were transparent which is characteristic of
miscible blends. _

Table I demonstrates that each of the blends
involving 20% aliphatic-aromatic copolyester (entries 1,
3, 5, 8, 14, 17, 20, 22; 27, and 29) had an experimental

- Tg,, which was 14 to 37°C higher than the Tg,,
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calculated for each blend. The 40% aliphatic—aromatic
copolyester blends involving a C4 diacid (entry 2), a Cé
diacid (entry 4), or a C10 aromatic diacid (entry 30)
also showed a 18, 11, and 25°C, respectively, positive
deviation of the experimental Tg,, from the theoretical
Tg,,- Within the family of 40% aliphatic-aromatic
copolyester involving a C5 aliphatic diacid, the
experimental Tg,, of entries 6, 10, 16, 19, and 21
(15-30% C6 aromatic diacid) showed good agreement with
the theoretical Tg,, (#10°C). In contrast, the
experimental Tg,,’s of the 40% PTG(T) blends containing
5, 10, and 40% C6 aromatic diacid showed a 27, 23, and
52°C, respectively, positive deviation from the
calculated value. In the series of 10-70% PEG(T)
[{70-30] (entries 7-12), the 10-30% blends showed a
positive deviation of the experimental T,, from the
calculated values, the 40-55% blends had Tglz's which
showed excellent agreement with the calculated Tglz's,
and the 70% blend showed multiple Tg’s characteristic of
a partially miscible blend. 1In contrast, the series of
20-~70% PTG(T) [60-40] blends (entries 22-25) either had
multiple Tg,,’'s or Tg,,’s that were quite different from
theoretical. At very high levels of aliphatic—aromatic
copolyester (cf. entry 26), single Tg’s were observed.
Analysis of this type suggests that blends of cellulose
esters with aliphatic—aromatic copolyester involving a



present in an amount of 25 to 95% 20 7. The blend of daiml

wherein said aliphatic-aromatic copol yest er—3 N any
pol yester form ng conbi nati on or conbinatizﬁgﬁgﬁﬁgﬁ§E$g€§§FTc
acids or derivatives thereof, and diols, saild dicarboxyliq 25
acids are selected fromthe group conélsting of the 29 SEPT1908 oW 1jg

di acids: malonic, succinic, glutaric, - adipiq, pinelic, azdgl dic,
sebacic, fumaric, 2,2- di ret hyl glutaric,| subertc;

1, 3-cycl opent ane- di carboxylic, 1,4-cycl dhexanedi carboxyli ¢,

1, 3-.

10
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CS5 aliphatic diacid are generally miscible in
approximately the 30-55% range when the aromatic portion
of the copolyesters is approximately 15-30%. Aliphatic—
aromatic copolyester. blends involving a C5 aliphatic
diacid outside of the 30-55% range exhibit varying
levels of miscibilities. Blends involving other
aliphatic diacids also exhibit varying levels of
miscibilities through a wider range.

Blend miscibility is also strongly dependent upon
the molecular weight of the polyester. 1In general, a
low I.V. polyester will give a wider window of
miscibility.

Cellulose esters typically have high WVTR (>500 g
mil 100 in®—-24 h). As Table II shows, all of the
CAP-aliphatic—aromatic copolyester blends have WVTR less
than 500 g mil- 100 in®—24 h. Table II also demonstrates
that a wide range of physical properties for materials
prepared from the blends.are possible depending upon the
blend components and blend composition. Many of the
aliphatic—aromatic copolyester blends gave unexpected
and unusual physical properties. For example, the
tangent modulus (Table II) for the 20% blends were, for
the most part, surprisingly high relative to the CAP
(2.1 X 10° psi). With the exception of the blends
involving PTG(T) [7030] and PTG(T) [6040], the tangent
moduli all remained above 1.5 X107 psi. Even more
surprising was the tensile strength for the 20% blends.
With the exception of the PTG(T) [60-40] blend, the
tensile strength of these blends were all above 5.0 X
103 psi; in some cases the tensile strength was improved
relative to the CAP (5.5 X 103). In general, with the
exception of the PTG(T) [60.40] blends, all of the
blends involving 20% aliphatic—aromatic copolyester
behaved very similar to the blend major component,
cellulose acetate propionate. 1In effect, we were able



59 ‘cycl ohexanedi carboxylic, diglycolic, itaconic, maleic,
2, 5-nor bor nanedi carboxylic, 1,4-terephthalic, 1, 3-

41
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terephthalic, 2,6-naphthal ene dicarboxylic, 1,5- napht hal ene

di carboxylic, and ester formng 5 derivatives thereof, and

conbi nati ons thereof; and said diols are sel.ected fromthe group
consi sting of et hyl ene gl ycol, “di et hyl ene glycol, propylene

gl ycol, 1, 3-propanedi ol , 2,2-di methyl -1, 3- propanedi ol , 1, 3-

but anedi ol , 1, 4-butanediol, 1,5-pentanediol, 1,6- :

Example 2

Ternary blends of cellulose esters and éliphatic
polyesters or aliphatic-aromatic copolyéster, and a
hydrophobic additive were prepared using the standard
procedures. Tables XII and XIII gives the DS/AGU, IV,
and clarity of the blends as well as the mechanical
properties, tear strength, and water vapor transmission

rates of the films made from the blends.
7
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cycl obut anedi ol ,
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tri-,
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di -,

gl ycol,

43onbi nati ons t her eof.

1, 4-
Claim7 wherein the aliphatic-aromatic

2,2,4,4-tetramet hyl -1, 3-
15

2,2,4-trinmethyl -1, 6- hexanedi ol ,
and

1, 3-cycl o- hexanedi net hanol ,
tetraet hyl ene

hexanedi ol ,

t hi odi et hanol ,
tetrapropyl ene glycol,

cycl ohexanedi et hanol ,
bl end of

triethylene glycol
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25 nmol e % of terephthalate is 15-55% 9. Wl m
8 wherein the aliphatic-aromatic copol yest REPLACE

pol y(tetramethyl ene gl utarate-co- t er epht hakaf€-co-di gl ycol atE)
and the nol e % of 29 SEP 1998
45

The examples of Tables XII and XIII illustrate that
hydrophobic additives can be added to blends of
cellulose esters and aliphatic polyesters or
aliphatic—-aromatic copolyesters to control water vapor
transmission rates of materials prepared from the blends
without loss of mechanical properties or tear strength.
For example, the WVTR of the films prepared from a
CAP/PTG blend containing 0.25-1% MYVAPLEX 600 was
controlled between 244 &p 103 g milr100 in®-24 hours (cf
‘entries 143—146). WitH increasing hydrophobic additive,
the WVTR decreased until the WVIR leveled off at around
1% additive. ' .

EXAMPLE 3

Ereparation of a 6535 blend of CAP(DSAC=O.10,
DSPr=2.64)/poly(tetramethylene glutarate) on the 30 mm
W—P twin screw extruder was performed under the
following conditions according to the general procedure.

Feed rate for poly(tetramethylene glutarate) = 6.8 kg/h
(15.0 lb/hr)
Feed rate for CAP = 12.7 kg/h (28.0 lb/hr)
Total output from extruder = 19.5 kg/h (43 1lb/hr)
Feed Line temperature = 190°C
RPM of the Screw = 207
Torque = 30%
Extruder zone temperatures: 2Zone 1 = 180°C;
Zones 2-7 = 230°C

EXAMPLE 4

Other blends, including 10, 20, and 40 wt. %
polytetramethylene glutarate with CaAP (DSp.=0.10,
DSPr=2.64) were also prepared on the W—P extruder
according to the general procedure except that the
polyester was added by ﬁixinq solid poly(tetramethylene



60 terephthalate is 15-55% and the nole % of _

di gl ycol ate Is 1-10% 10. The blend of daim9 wherein the
aliphatic-aromatic 5 copol yester "is -pol y(ethyl ene gl utarate-co-
napht hal ene di carboxyl ate), poly(tetrggethylene ’

glutarate) with CAP(DS,.=0.10, DSp,=2.64) and feeding
both materials into Zone 1 of the extruder under
otherwise similar conditions.

EXAMPLE S

Blends prepared as in Examples 3 and 4 were molded
on a Toyo 90 injection molding machine under the
following conditions. These conditions should not be
considered the ideal conditions, but are typical of
those that can be used on blends of this type.

Nozzle temperature = 200°C

Zone 1 temperature = 210°C
Zone 2 temperature = 210°C
Zone 3 temperature = 190°C

Zone 4 temperature = 130°C

Melt temperature = 215°C

Injection and Hold Pressures = 5.171 MPa gauge (750
psig)

Mold temperature = 14°C

Screw speed = 75 rpm

EXAMPLE 6

The physical properties of the blends preparéd as
in Example 5 are shown in Table XIV as well as physical
properties of the CAP containing 12% monomeric
plasticizer.
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gl ut ar at e- co- napht hal ene di carboxyl ate), pol y(tetranethyl ene

-adi pat e- co- napht hal ene di car boxyl ate), pol y(ethyl ene
adi pat e- co- napht hal ene 10 " di carboxyl ate), poly(tetranethyl ene
succi nat e- co- napht hal ene dicarboxyl ate), or poly(ethyl ene
succi nat e- co- napht hal ene dicarboxylaﬁ@), wherein the nol e % of
napht hal ene di carboxylate is 15-55% 15 11. The ACEM T
Clains 1 to 10 wherein the ki
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Table XIV

Physical Properties of Blends of CAP (DS c=0.10,
DSp,=2.64) and Poly(Tetramethylene Glutarate)

Property 10% PTG 20% PTG 35% PTG 40% PTG 12% DOA
(units)

Tensile 7.9 573 2.8 2.3 4.76
jStrgngth

(10° psi)

Elongation 14 41 72 93 27
at break

(%)

Flexural 3.3 2.1 0.78 0.18 2.186
Modulus

(10° psi)

Izod Impact 1.7(C) 4.6(C) 15.4 12.9 ~ 7.43
23°C (PB) (NB)
(ft-1brin) '

HDT 81 54 41 NT e7
(°C)

This example demonstrates that aliphatic polyesters
blend components are very effective non—-volatile, non—
extractable polymeric additives. These blends offer
many superior physical properties relative to a CaAP
containing a monomeric plasticizer. For example,
relative to the a CAP containing 12% DOA, the blend
containing 10% PTG has superior tensile strength,
flexural modulus, and a higher heat deflection
temperature.

EXAMPLE 7
The physical properties blends prepared as in
Example 5 are shown in Table XIV.



A ternary bl end

(A) 4% to 97% of a Cl1-Cl0 ester of cellul ose having
a DS/ AGQU (nunber of substituents per

anhydr ogl ucose unit) of 1.7 to 3.0 and an

i nher ent
measured at a tenperature

sanple in 100 M of a 60/40 parts

12.
sol ution of phenol/tetrachl oroet hane,

Is from85-210[err]C
48

viscosity of 0.2 to 3.0 dl/g as
of 25[err]C for a 0.5 g

Tg of the cellul ose ester
by wei ght 25

conpri si ng:
20
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(B) 2%to 95% of an aliphatic-aromatic copol yester havihg
an inherent viscosity of 0.2 to 2.0 dl/g
61 .

49

This example demonstrates that aliphatic—aromatic
polyesters blend components are very effective non—
volatile, non—-extractable polymeric additives. These
blends offer many superior physical properties relative
to a Car containing a monomeric plasticizer. For
example, relative to the a CAP containing 12% DOA, all

. of the above blends at similar polymer content have
superior tensile strengths, flexural moduli, and
flexural strengths as well as higher heat deflection
temperatures. This example also teaches some of the
physical property differences between a miscible, i.e.,
PEG(T) ([70-30], cellulose esterraliphatic—aromatic blend
and a partially miscible, i.e., PEG(T) [60-40],
cellulose esterraliphatic-aromatic blend. In general,
the partially miscible blend offers superior Izod impact
strengths, particularly at —40°C.

EXAMPLE 8
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measured at a tenperature of 25[err]C for a 0.5 g ' sanplé I n

100 m of a 60/40 parts by wei ght . sol upion-of

phenol / t et rachl or oet hane, said 15 per cent aheREMACEGENE SHEE N

t he wei ght of conponﬁgt (A) plus conmpopept—tB) prI us
conponent (O. 3. The bl end of fn | a 1
to 12 wherein said 20 ester of cellulose is celkujo épggg?g?g, n%
cel | ul ose propi onate, cellul ose butyrate, cell ilose-acetate

propi onate, cellul ose acetate butyrate, or cellul ose " propionat

but yrat e.

These examples illustrate that films prepared from
| aliphatic-aromatic copolyesters have very high

elongation, high tear strengths, low WVTR, and low

moduli and hence are useful in film applications.

EXAMPLE 9 -~ The physicgl properties of AAEE molded bars
Table XVII
V4
o7
Physical Properties of AAPE
Property PTS(T) FTS(T) PTG(T)
(units) (85-15] (70730] (50/50])
Tensile
Strength 2.89 1.79 1.51
(10° psi)
Elongatien
at break 432 - 384 437
(%)
Flexural
Modulus 0.57 0.20 0.13
(10° psi)
Izod Impact _
23°C 6.0 (NB) 6.5 (NB) 3.2 (NB)
(ft~-1brin)
Izod Impact
—40°C 0.44 (CB! 0.86 (CB) . 8.23 (NB)
(£t-1b. in)

This example demonstrates that AAPEs have very high
elongation at break, low flexural modulus and excellent
Izod Impacts.

EXAMPLE 10

A variety of conditions are available for producing
melt blown films from the blends of this invention.
Temperature set points for the extruders can vary
depending on the level of additives, if any. For this
example, all heater zones were set between 190 and 200°C



25 14, The bl end of claim 13 wherein said ester of ﬁPLACEMEquS“EEVJ'
. 15 cellulose acetate propionate having a gs(Af Hm eSO f
wherein the DS/ AGU of acetyl ester ©is 1-50%]of} t S
-Cont ent .- E% &EF%@
52

10

.15

20

25

30

35

er

with a screw rpm of 25 to 30. This produced a measured
melt temperature of 183°C. Heater temperatures must be
increased, especially in the die area, by 5 to 10°C if
higher levels of TiO2 (or any antiblocks such as talc or
diatomaceous earth) are used in order to prevent
clogging of the die. Temperature settings will also
vary depending on the type of screw used and the size of
the extruder. The preferred temperatures are 175-215°C.
Blowing conditions can be characterized by the blow up

‘ratio (BUR), the ratio .df bubble diameter to die
‘diameter which gives ah indication of hoop or transverse

direction (TD) stretch; or the draw—down ratio (DDR),
which is an indication of the axial or machine direction
(MD) stretch. If the BUR and DDR are equal then the
amount of stretch in the MD and TD is approximately the
same resulting in "balanced" film.

. Blown film was produced from a blend consisting of
98% of a 6040 blend of cellulose acetate propionate
(DS = 0.10, Dépr = 2.64) and poly(tetramethylene
glutarate), and 2% Tioz. The Tioz, added in the form of
a masterbatch (blended at a level of 20% and
pelletized), was added in order to obtain an opaque
film. The blown film was pfoduced using a laboratory
scale blown film line which consisted of a Killion 1.25
inch extruder with a 15:1 gear reducer. The screw was a
Maddock mixing type with an LD of 24 to 1 although a
general purpose screw has also been used. Compression
ratio for the mixing screw was 3.5:1. A 1.21 inch die
with a 5 mil die gap was used. The air ring was a
Killion single-lip, No. 2 type. Prior to processing,
the blends were dried overnight at 50°C in dehumidified
air dryers.

For this example, the BUR was 2.20 and the DDR was
1.13 resulting in a film with an average thickness of 2
mils. This produced a film with average tear strengths




15. The blend of any one of Clains 11 to 14 wherein . conponent

{B) is present in an anount of 10%to 50% . conponent (A) is
present in an amount of 40%to 88% and conponent (C) is present:
in the amount of 2%to 5 10‘V%3

of 8.9 and 7.5 g-mil in the MD and TD, respectively.
Additionally, elongation to break values for these
directions are 101 and 79%, tangent moduli are 30 and 24
ksi, and break stresses are 3.9 and 3.6 ksi. BUR values
have been tried ranging from 2 to 3.9 and DDR values

. from 0.5 to 20 by changing blow conditions and also

' going to a thicker die gap. Increasing these parameters
generally results in improved properties except for %
elongation which is reduced. For example, a 0.5 mil
film with a BUR of 2.76 and a DDR of 3.89 had average
tear strengths of 31.3 and 29.7 g-mil, elongation to
break values of 74 and 37%, moduli of S7 and 86 ksi, and
break stresses of 3.2 and 4.9 ksi for the MD and TD,
respectively.

EXAMPLE 11

Blown film was produced from blends consisting of
cellulose acetate propionate (DSp. = 0.10, DSp,. = 2.64)
and poly(tetramethylene glutarate—co—terephthalate).
The blown film was produced using a laboratory scale
blown film line which consisted of a Killion 1.25 inch
extruder with a 15:1 gear reducer. The screw was a
Maddock mixing type with an L/D of 24 to 1 although a
general purpose screw has also been used. Compression
ratio for the mixing screw was 3.5:1. A 1.21 inch die
with a 25 mil die gap was used. The air ring was a
Killion single—~lip, No. 2 type. Prior to processing,
the blends were dried overnight at 50°C in dehumidified
air dryers. The results are given in Table XVII.
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conponent
The bl end of any one of

in an anount of

conponent (A

and conponent (O

17.

& (B) is present

10

50%
conponen

in an anount of 40%to 88%

in an anount of 2% to 10%

in the anount of 10%to
Clains 11 to 14 wherein

The bl end of any one of Clains 11 to 14 wherein
10% to 50%

IS present

16.
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15 conponent (A) is present in an anount of 2%to 10% and

conponent (C) is present in the anount of. 40%to 88% 18.
The blend of O aim 11l wherein conponent (B) 20 conprises 15 to 600
repeat units. 19. The blend of C aim 11 wherein conponent (C) is
pol yvinyl acetate, partially hydrol yz&8 pol yvi nyl acet ate, vinyl

acet at e- et hyl ene copol yner,

The entries of this example demonstrate that film blown
from blends of cellulose acetate propionate and
aliphatic-aromatic copolyesters have very high tear
strengths and elongation at break.  Moreover, physical
properties such as tear strength can be high in one
direction or can be roughly equal in both directions

- demonstrating that this film can be oriented. In
general, a balanced film is obtained by choice of the
DDR/BUR ratio.
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_ pol yvi nyl al cohol, pol ynethyl nethacryl ate, pol yet hyl
nmet hacryl ate, pol ycarbonate, or hydr oxypr opyl cell ul ose.

We Claim:

56 . R -—--._“,_- . }

(A L

* [4

CLAIMS

1. A binary blend comprising:

(A)

(B)

5% to 98% of a Cl—Clo'ester of cellulose having

a DS/AGU (number of substituents per
anhydioglucose_unit)of 1.7 to 3.0 and an
inherent viscosity of 0.2 to 3.0 dl/g as-
measured at ; temperature of 25°C for a 0.5 g
sample in 100 ml of a 60/40 parts by weight
solution of phenol/tetrachloroethane, and

2% to 95% of an aliphatic-aromatic copolyester
having an inherent viscosity of 0.4 to 2.0 dl/g
as measured at a temperature of 25°C for a 0.5
g sample in 100 ml of a 60/40 parts by weight
solution of phenol/tetrachloroethane, said
percentages being based on the weight of

component (A) plus component (B), and

said aliphatic aromatic copolyester

comprises repeat units of:

-m-O(R4)—o—E—(R5)—E and —{;O(R7)—0—@~(R6}—i;l—

wherein R4 and R7 are selected from one or more of

the following groups consisting of C,-C;, alkylene

or oxyalkylene; C2-C12 alkylene or oxyalkylene
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20. A blend conprising: (A 50%to 99% of a binary or ternary

bl end of any

one of clalns 1 to 18 hav+ng—an.|nherent

viscosity of 0.4 to 3.0 dl/g as neasured
of 25[err]C for a 0.5 g sanple in 100

wei ght sol ution of

10

15

20

phengl /tetr acm“!lll!l{mmmlmﬂﬂmp par s by

substituted with one to four substituents
independently selected from the group consisting of

halo, Cg-Cy1o9 aryl, and C,-C4 alkoxy; Cs-Cqg

cycloalkylene; C5-C;q cycloalkylene substituted with

one to four substituents independently selected from

the group consisting of halo, Cg-Cq1p aryl, and C1-Cy4

V4
alkoxy; Rs is selected from one or more of the

following groups consisting of Co-C1o alkylene; C,-C
12 oxyalkylene; C5-C,, alkylene or oxyalkylene

substituted with one to four substituents
independently selected from the group consisting of

halo, Cg-C1o aryl, and C,-C4 alkoxy; Cs-C1p

cycloalkylene; and Cg-C,g cycloalkylene substituted

with one to four substituents independently selected

from the group consisting of halo, Cg-C1p aryl, and

C1-Cq4 alkoxy; RS is selected from one or more of the-

following groups consisting of CG-Cl-0 aryl, Cs-C10

aryl substituted with one to four substituents
independently selected from the group consisting of

haloe, Ci-Cy alkyl, and C1'C4 alkoxy.

The blend of Claim 1 wherein the cellulose ester

has a DS/AGU of from 2.1 to 2.85.




(B) 1% to 50% of biodegradable additives, said 10 per cent ages
belng based on the weight of conponéﬁr‘fﬁq -pl.us conponent

(B). 21. A bl end conpri sing: 99. 95% of "a
binary or ternary blend of 15 _ any one ofm ’"ﬁw avi ng
an i nherent viscosityggf 0.4 to 3.0 n ‘”mrat a
tenperature of 25[err]C for a 0.5 g sanple in 100 S =

3. The blend of Claim 2 wherein the ester of cellulose
is cellulose acetate propionate having a DS/AGU
(number of substitﬁents per anhydroglucose unit)
from 2.50 to 2.75 and the DS/AGU of acetyl ester is

5 from 4-30% of the total ester content.

4, The blend of Claim } wherein R4 or R7 is selected
from C,-Cgz alkylene, C,-Cg oxyalkylene, or Cg-Cy

cycloalkylene; R® is selected from Co-Cy4 alkylene,

10 Cy-Cy oxyalkylene, or Cs-Cip cycloalkylene; Rr® is
selected from Cg-Cqg aryl.

5. The blend of Claim 1 wherein the mole % of RS in the
copolymer is from 30 to 95%, and the mole % of R6 is
15 from S to 70%.
6. The blend of Claim 1 wherein component (B) is

present in an amount of 5 to 75% and component (A) is

present in an amount of 25 to 95%.

20
7. The blend of Claim 1 whefein said aliphatic-aromatic
copolyester is prepared from any polyester forming
combination or combinations of dicarboxylic acids or
derivatives thereof, and diols, said dicarboxylic
25 acids are selected from the group consisting of the

following diacids: malonic, succinic, glutaric,
adipic, pimelic, azelaic, sebacic, fumaric, 2,2-
dimethyl glutaric, suberic, 1,3-cyclopentane-

dicarboxylic, 1,4-cyclohexanedicarboxylic, 1,3-




m. of a 60/40 parts by weight solution of B
phenol / t etrachl or oet hane, 20 (B) 0.05%to 5%of imm-seirble

hydr ophobi ¢ agent, sai d percentages bei ng bas dene

wei ght of component (A) pd4is corrpo-nen“\“ﬂ“‘\mﬁ ‘m‘;‘ . The
bl end of C aim 21 wherein conponent (B) includes 25} AT i1 N
nonoacyl carbohydrates, and nonogl ycerides. * °©

cyclohexanedicarboxylic, digiycolic, itaconic, maleic,
2,5-norbornanedicarboxylic, 1,4-terephthalic, 1,3-
terephthalic, 2,6-naphthalene dicarboxylic, 1,5-
naphthalene dicarboxylic, and ester forming

5 derivatives theredf, and combinations thereof; and
said diols are selected from the group consisting of
ethylene glycol, diethylene glycol, propylene glycol,
1,3-propanediol, 2,2-dimethyl-1,3-propanediol, 1,3-
butanediol, 1,4-buté;ediol, 1,5~-pentanediol, 1,6-

10 hexanediol, 2,2,4-trimethyl-1,6-hexanediol,
thiodiethanbl, 1,3-cyclo-hexanedimethanol, 1,4-
cyclohexanedimethanol, 2,2,4,4-tetramethyl-1,3-
cyclobutanediol, triethylene glycol, tetraethylene
glycol, di-, tri-, tetrapropylene glycol, and

15 combinations thereof.

8. The blend of Claim 7 wherein the aliphatic-aromatic
polyester is selected from the groups consisting of
poly (ethylene glutarate-co-terephﬁhalate),

20 poly(tetfamethylene glutarate-co-terephthalate),
poly(tetramethylene adipate-co-terephthalate),
poly(ethylene adipate-co-terephthalate),
poly(tetramethylene succinate-co-terephthalate), or
poly (ethylene succinate-co-terephthalate), and the

25 mole % of terephthalate is 15-55%.

9. The blend of Claim 8 wherein the aliphatic-aromatic
copolyester is poly(tetramethylene glutarate-co-

terephthalate-co-diglycolate) and the mole % of
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23.

10.

11.

12.

_ The blend of O aim 20 wherein conponent (B) is
m crocrystalline cellulose.

R TIITE

60

terephthalate is 15-55% and the mole % of
diglycolate is 1-10%.

The blend of Claim 9 wherein the aliphatic-aromatic
copolyester is poly(ethylene glutarate-co- |
naphthalene dicarboxyléte), poly (tetramethylene
glutarate-co—naphthglene dicarboxylate),
poly(tetramethylené adipate-co-naphthalene
dicarboxylate), poly(ethylene adipate-co-naphthalene
dicérboxylaté), poly (tetramethylene succinate-co-
naphthalene dicarboxylate), or poly(ethylene
succinate-co-naphthalene dicarboxylate), wherein the

mole % of naphthalene dicarboxylate is 15-55%.

The blend of any one of Claims 1 to 10 wherein the

Tg of the cellulose ester is from 85-210°C.

A ternary blend comprising:

(A) 4% to 97% of a C1-C1l0 ester of cellulose having
a DS/AGU (number of substituents per
anhydroglucose unit) of 1.7 to 3.0 énd an
inherent viscosity of 0.2 to 3.0 dl/g as
measured at a temperature of 25°C for a 0.5 g
sample in 100 ml of a 60/40 parts by weight

solution of phenol/tetrachloroethane,

(B) 2% to 95% of an aliphatic-aromatic copolyester

having an inherent viscosity of 0.2 to 2.0 dl/g
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24. The blend of Caim 20 wherein conmponent (B) has a 5 particle

size of 0.1-15 mcrons. 25. The blend of any one of Clains 1 to 24
additional ly conprising 0.001 to 50 wei-ght % based 0 he tota
wei ght of the conposition, of at |east one : m r“Edi tive
sel ected froma non-polyneric g1 Pl ast | Ci z\w“gm bilizer,
an antioxidant, a

as measured at a temperature of 25°C for a 0.5
g sample in 100 ml of a 60/40 parts by weight
solution of phenol/tetrachloroethane, said

aliphatic-aromatic polyester being further as

5 defined in any one of claims 1 to 10,

(C) 1% to 94% polyacrylates, polyvinylacetate,
polyvinyl alcbﬁol, polyvinylacetate
polyethylene copolymers, polycarbonates,

10 cellulose ethers, or polyamides, having an
inherent viscosity of 0.4 to 2.0 dl/g as
measured at a temperature of 25°C for a 0.5 g
sample in 100 ml of a 60/40 parts by weight
solution of phenol/tetrachloroethane, said

15 percentages being based on the weight of

component (A) plus component (B) plus component

().
13. The blend of any one of claims 1 to 12 wherein said
20 ester of cellulose is cellulose acetate, cellulose

propionate, cellulose butyrate, cellulose acetate

propionate,'cellulose acetate butyrate, or cellulose

propionate butyrate.

25 14. The blend of claim 13 wherein said ester of
cellulose is cellulose acetate propionate having a
DS/AGU of 1.7-3.0 wherein the DS/AGU of acetyl ester

"is 1-50% of the total ester content.




pro-oxi dant, an acid scavenger, an ultraviolet |ight , stabilizer,

a pronoter of photodegradati on, | norgani cs, _and colorants. 15
26. Shaped articles, filnms or fibres conprised of the bl ends of
any one of claime 1 to 2 O B
) * [ L M s *
15. The blend of any one of Claims 11 to 14 wherein

component (B) is present in an amount of 10% to 50%,
component (A) is present in an amount of 40% to 88%,

and component (C) is present in the amount of 2% to

5 10%.

16. The blend of any ong of Claims 11 to 14 wherein
' component (B) is piesent in an amount of 40% to 88%,

component (A) is present in an amount of 2% to 10%,

10 and component (C) is present in the amount of 10% to
50%.
17. The blend of any one of Claims 11 to 14 wherein -

component (B) is present in an amount of 10% to 50%,
15 component (A) is present in an amount of 2% to 10%,

and component (C) is present in the amount of 40% to

88%.
18. The blend of Claim 11 wherein component (B)
20 comprises 15 to 600 repeat units.
19. The blend of Claim 11 wherein component (C) is

polyvinyl acetate, partially hydrolyzed
polyvinylacetate, vinyl acetate-ethylene copolymer,

25 polyvinyl alcohol, polymethyl methacrylate,
polyethyl methacrylate, polycarbonate, or
hydroxypropyl cellulose.
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20.

21.

22.

.

A}

A blend comprising:

(A)

(B)

50% to 99% of a binary or ternary blend of any
one of claims 1 to 18 having an ;nherent
viscosity of 0.4 to 3.0 dl/g as measured at a
temperature of 25°C for a 0.5 g sample in 100
ml of a 60/40 parts by weight solution of
phenol/tetrachloroethane,

’
1% to 50% of biodegradable additives, said
percentages being'based on the weight of

component (A) plus component (B).

A blend comprising:

(A)

(B)

95% to 99.95% of a binary or ternary blend of
any one of Claims 1 to 18 having an inherent
viscosity of 0.4 to 3.0 dl/g as measured at a
temperature of 25°C for a 0.5 g sample in 100
ml of a 60/40 parts by weight solution of
phenol/tetrachloroethane,

0.05% to 5% of immiscible hydrophobic agent, .
said percentages being based on the weight of

component (A) plus component (B).

The blend of Claim 21 wherein component (B) includes

paraffin, monoacyl carbohydrates,'and

monoglycerides.
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23.

24.

25.

26.

e —
e ——

T

The blend of Claim 20 wherein component (B) is

microcrystalline cellulose.

The blend of Claim 20 wherein component (B) has a

particle size of 0.1-15 microns.

The blend of any oq? of Claims 1 to 24 additionally
comprising 0.001 to 50 weight %, based on the total
weight of the composition, ¢of at least one
additional additive selected from a non-polymeric
plasticizer, a thermal stabilizer, an antioxidant, a
pro-éxidant, an acid scavenger, an ultraviolet light
stabilizer, a promoter of photodegradation,

inorganics, and colorants.

Shaped articles, films or fibres comprised of the

blends of any one of claims 1 to 25.
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ALIPHATIC-AROMATIC COPOLYESTERS AND CELLULOSE
ESTER/POLYMER BLENDS

This invention relates to binary blends of cellulose.
esters and aliphatic-aromatic copolyesters, cellulose
esters and aliphatic polyésters as well as ternary blends
of cellulose esters and/or aliphatic polyesters and/or
aliphatic-aromatic copolyesters and/or polymeric compounds
as well as fibers, molded objects, and films prepared

therefrom.

REPLACEMENT SHEET

29 SEP 1998




