
ALIPHATIC-AROMATIC COPOLYESTERS AND CELLULOSE
ESTER/POLYMER BLENDS  



5      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 molded
or 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.
15     Background of the Invention           It is well known that
cellulose esters are important as      commercial plastics and as fibers.
In 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
-9-   



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 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 market place 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 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 ternary 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.     



- 10 -   The present invention is directed to a blend comprising:   (A)  5%
to 98% of a [err] 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[err]C for a 0.5 g     sample in 100 ml of a
60/40 parts by weight     solution of phenol/tetrachloroethane, and (B)  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 25C
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:  [err]    wherein [err] are selected from one or more of the
following groups consisting of [err] alkylene or oxyalkylene; [err]
alkylene or oxyalkylene substituted with one to four substituents
independently selected from the group consisting of halo, [err] aryl, and
[err] alkoxy; [err] cycloalkylene; [err] cycloalkylene substituted with one
to four substituents independently 



selected from the group consisting of halo, [err]
- 10a -    aryl, and [err] alkoxy; [err] is selected from one or 



more of the following groups consisting of [err] alkylene; [err]
oxyalkylene; [err] alkylene or oxyalkylene substituted with one to four
substituents independently selected from the group consisting of halo,
[err] aryl, and [err] alkoxy; [err] cycloalkylene; and [err] cycloalkylene
substituted with one to four substituents independently selected from the
group consisting of halo, [err] aryl, and [err] alkoxy; [err] is selected
from one or more of the following groups consisting of [err]  aryl, [err]
aryl substituted with one to four substituents independently selected from
the group consisting of halo, [err] alkyl, and [err] alkoxy. 



Further embodiments of the invention are set forth in claims 2 to 26.



Detailed Description of the Invention     We have found that cellulose
esters from binary blends with aliphatic-aromatic copolyesters as well as
ternary blends with aliphatic-aromatic copolyesters/ 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-polyethylene 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 biodegradability.      The cellulose esters of the
present invention generally comprise repeating units of the structure:
[err]   



12    wherein  [err] 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 



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 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, incorporated herein by reference in their entirety.      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 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[err]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),     



13          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:                                       14   



[err]   10       wherein [err] are selected from one or more of the
following groups consisting of [err] alkylene or       oxyalkylene; C2-C12
alkylene or oxyalkylene substituted 15   with one to four substituents
independently selected      from the group consisting of halo, C6-C10 aryl,
and      [err] alkoxy; [err] cycloalkylene; [err] cycloalkylene
substituted with one to four substituents independently 



selected from the group consisting of halo, [err] aryl, 20   and [err]
alkoxy; R5 is selected from one or more of the       following groups
consisting of [err] alkylene or       oxyalkylene; [err] alkylene or
oxyalkylene substituted       with one to four substituents independently
selected       from the group consisting of halo, C6-C10 aryl, and 25
[err] alkoxy; [err] cycloalkylene; and [err]       cycloalkylene
substituted with one to four substituents       independently selected from
the group consisting of       halo, [err] aryl, and [err] alkoxy; [err] is
selected from       one or more of the following groups consisting of [err]
30   aryl, [err] aryl substituted with substituted with one       to four
substituents independently selected from the       group consisting of
halo, [err] alkyl, and [err] alkoxy. 



It is preferred that said aliphatic-aromatic       copolyester comprises 10
to 1,000 repeating units. Most 35   preferred is when said
aliphatic-aromatic copolyester       comprises 15 to 600 repeating units.
In the present invention, the mole % of [err] in the       copolymer can
range from 30 to 95%, and the mole % of [err]       can range from 5 to
70%.  A more preferred range is when 40   the mole % of R5 is from about 45
to 85% and the mole %       of [err] is from about 15-55 mol %. The most
preferred     



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 [err] is glutaric and



the mole % of [err] in the copolyester ranges from 70 to 85% and the mole
%of [err] range from 15-30 mol%.  The most preferred ranges for partially
miscible blends is when [err] is glutaric and the mol% of [err] in the
copolyester ranges from 45 to 60% and the mole % of [err] 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. In general, an
aliphatic-aromatic polyester having a lower molecular weight or inherent
viscosity will be more 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[err]C for a 0.5 gram sample in
100 ml of a 60/40 by weight solution of phenol/tetrachloroethane.      As
used herein the terms "alkyl" and "alkylene" refer to either straight or
branched chain moieties such as  [err] .  Also, all of the carbon atoms of
the cycloalkyl and cycloalkylene moieties are not necessarily in the ring
structure, e.g., a [err] cycloalkyl group can be cyclooctyl or
dimethylcyclohexyl. The term "oxyalkylene" refers to alkylene chains
containing from 1 to 4 ether oxygen groups.   



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 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 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.   



17           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 example of a monoacyl carbohydrate is 6-0-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            



150[err]C to 300[err]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. 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[err]C for 1 hour then
at 245[err]C for 0.9 hour under vacuum in the presence of 100 ppm of Ti
present initially as 



[err]      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 



19   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-cyclohexanedimethanol,
2,2,4,4-tetramethyl-1,3-cyclobutanediol, triethylene glycol, tetraethylene
glycol, and combinations thereof.      Specific examples of 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) [60/40], poly(tetramethylene
glutarate-co-terephthalate) [70/30], poly(tetramethylene
glutarate-co-terephthalate) [85/15], poly(ethylene
glutarate-co-terephthalate) [70/30], 



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 another component are essentially linear, random copolymers and
preferably comprise repeating units of:        [err]  wherein [err] are the
same and are selected from 



the groups consisting of C2-C8 alkylene or oxylalkylene; R13 is selected
from one or more of the groups consisting of CO-C8 alkylene or C2-C4
oxyalkylene, and the mole % of [err] is 95-35%; [err] is selected from the
group of C6-Cl0 aryl, and the mole % of [err] is          



20   5-65%.  More preferred AAPE are those wherein [err] and [err] are the
same and are selected from C2-C4 alkylene; R13 is selected from one or more
of the groups consisting of C2-C6 alkylene or C2 oxyalkylene, and the mole
% of [err]   is 95-40%; [err] is 1,4-disubstituted-C6 aryl, and the mole %
of [err] 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 %:  (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-butanediol (100      mole%). (3) Adipic acid (30-65%);
diglycolic acid (0-10%);      terephthalic acid (25-60%); 1,4-butanediol
(100      mole%).      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) [60/40], poly(tetra- 



methylene glutarate-co-terephthalate) [40/60], poly(tetramethylene
succinate-co-terephthalate) [85/15], poly(ethylene
succinate-co-terephthalate) [70/30], poly(tetramethylene
adipate-co-terephthalate) [85/15], and poly(tetramethylene
succinate-co-terephthalate) [70/30].         



24         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   



22          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, [err]      [err] 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(0-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/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 25   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 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;
REPLACEMENT SHEET                               23   



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[err]C). Since 10   the blends of
this invention generally exhibit a Tg      which can be predicted from the
equation, [err] = [err]      + [err] 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        



24           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  5   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 10    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 15    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 20   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 25    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
[err] psi to 0.01 x [err] psi, a tensile strength of at 30    least about
0.5 x [err] 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    



REPLACEMENT SHEET                         25                      25
water vapor transmission rate less than about 500 g mil/[err]-24 hours.
The blends of this invention can also 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 cellulose 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 controlled 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
26   made from the blends and/or AAPE of the invention 



typically have a flexural modulus 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
Izod (23[err]C) of 1.0 to 25 ft-lb/in. It is preferred that the molding
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 [err] psi), and a notched Izod
(23[err]C) of 2 to 15 ft-lb/in.       The blends and/or 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
liquids, 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 and/or
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
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  prepared from the blends of the invention have a melt
temperature between about 120[err]C and about 280[err]C. The  preferred
melt temperature range from 150[err]C to 190[err]C.  Also, such blends,
films, plastic objects, and fibers  have a glass transition temperature
(Tg) as measured by  temperature between 120[err]C and 280[err]C. The      



27          differential scanning calorimetry (DSC) or dynamic
mechanical thermal analysis (DMTA) of about 25[err]C to      about
200[err]C. The preferred range for the glass      transition temperatures
is 50[err]C to 100[err]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[err]C and      160[err]C. The
more prefer;ed rangeis between 80[err]C and      140[err]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 95% 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 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 



28    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 present in an amount
of about 30% to about 55%, [err] 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 in an
amount of about 60% to about 75%, [err] 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 cellulose esters, aliphatic-aromatic copolyesters 



and polymeric compounds it is preferred that component II(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       



29   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 40% to 88%,
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 III(C) is present in the
amount of 10% to 50%. Also preferred is when component III(8) 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 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 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 component V(A) is 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[err]C1[err]/MeOH,
CHC1[err], dioxane, DMF, DMSO, AcOMe, AcOEt, pyridine) followed by film
casting or fiber extrusion. The blend components. can also be mixed      



REPLACEMENT SHEET                           30     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
[err],372,311, by compression molding as described in U.S. 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
andor 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 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
31     



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. In an      aerobic environment, these monomers or short
chains are 5   ultimately oxidized to C0[err], H[err]0, and new cell
biomass.       In an anaerobic environment the monomers or short chains
are ultimately oxidized to C0[err], H[err], 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 vitro
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.                               32  



EXAMPLES        In the following examples, the blends were prepared by
three general methods:   (i) 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;  (ii) 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       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    



33          nature of the polyester and the cellulose ester       and
generally vary in the range of about 100[err]C to       250[err]C.
Afterwards, the two strands of material       exiting the extruder were
quenched in water and       chopped with a CONAIR JETRO pelletizer. 



(iii)  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
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 4.54-22.7 kg/h
(10-50 pounds/hr). The zone temperatures       are set depending on the
exact       nature of the polyester and the cellulose ester 



and generally vary in the range of about 100[err]C to       250C.
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
method D256; the heat deflection temperature by ASTM method D648. Inherent
viscosities 



are measured at a temperature of 25[err]C for a 0.5 gram sample in 100 ml
of a 60/40 by weight solution
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phenol/tetrachloroethane. Dynamic mechanical thermal      analysis (DMTA)
spectra were collected using a Polymer      Laboratories Mk II at 4C/min
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 "v" is
volume; "wt." is weight;      "mm" is micrometer; "NaOAc" is sodium
acetate; " nm" is 



not measured; "CE" is cellulose ester; "PE" is 15   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 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) [85/15]" is poly(tetramethylene
glutarate-co-       terephthalate) were the mole per cent of glutarate to



35          terephthalate is 85/15; "PTG(T)(D) [60/35/5]" 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)  5    [85/15]" is poly(tetramethylene glutarate-co-
naphthalate) were the mole per cent of glutarate to      naphthalate is
85/l5; "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 [50/50]" is
poly(tetramethylene-co-ethylene       glutarate) were the mole % of
tetramethylene to ethylene       is 50/50; "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.    



36          EXAMPLE 1           Blends of cellulose acetate propionate
(DS[err] =      0.10, DS[err] = 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 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       Tg12 which
was 14 to 37[err]C higher than the Tg12 10    calculated for each blend.
The 40% aliphatic-aromatic       copolyester blends involving a C4 diacid
(entry 2), a C6       diacid (entry 4), or a C1O aromatic diacid (entry 30)
also showed a 18, 11, and 25[err]C, respectively, positive       deviation
of the experimental Tg[err] from the theoretical 



15    Tg[err].  Within the family of 40% aliphatic-aromatic
copolyester involving a C5 aliphatic diacid, the       experimental Tg[err]
of entries 6, 10, 16, 19, and 21       (15-30% C6 aromatic diacid) showed
good agreement with       the theoretical Tg[err] (10C). In contrast, the
20    experimental Tg[err]'s of the 40% PTG(T) blends containing       5,
10, and 40% C6 aromatic diacid showed a 27, 23, and       52[err]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[err] from the
calculated values, the 40-55% blends had Tg[err]s which       showed
excellent agreement with the calculated Tg[err]'s,       and the 70% blend
showed multiple Tg's characteristic of 



a partially miscible blend. In contrast, the series of 30    20-70% PTG(T)
[60/40] blends (entries 22-25) either had       multiple Tg[err]s or
Tg[err]'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
REPLACEMENT SHEET 



40           C5 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  5   diacid outside of the 30-55% range
exhibit varying       levels of miscibilities. Blends involving other
aliphatic diacids also exhibit varying levels of       miscibilities
through awider 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 WVTR (>500 g      mil/100 in[err]-24 h).  As Table II shows,  all
of the 15    CAP/aliphatic-aromatic copolyester blends have WVTR less
than 500 g mil/100 in[err]-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 10[err]
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 X10[err]
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    10[err] psi; in some cases the
tensile strength was improved      relative to the CAP (5.5 X 10[err]). 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, 35    cellulose acetate propionate.
In effect, we were able  



41 to substitute 20% of a copolyester, which generally has much different
physical properties than the cellulose ester blend component, for cellulose
ester without lowering, and in some case improving, the mechanical  



42    Example 2      Ternary blends of cellulose esters and aliphatic 



polyesters or aliphatic-aromatic copolyester, 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.         
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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  to  103 g mil/100 in[err]-24 hours (of 



entries 143-146). With increasing hydrophobic additive, the WVTR decreased
until the WVTR leveled off at around 1% additive.  EXAMPLE 3
Preparation of a 65/35 blend of CAP(DS[err]=0.10,
DS[err]=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 lb/hr) Feed Line temperature =
190[err]C RPM of the Screw = 207 Torque = 30% Extruder zone temperatures:
Zone 1 = 180[err]C;   Zones 2-7 = 230[err]C   EXAMPLE 4       Other blends,
including 10, 20, and 40 wt. % polytetramethylene glutarate with CAP
(DS[err]=O.10, DS[err]=2.64) were also prepared on the W-P extruder
according to the general procedure except that the 



polyester was added by mixing solid poly(tetramethylene
46    glutarate) with CAP(DS[err]=O.l0, DS[err]=2.64) and feeding 



both materials into Zone 1 of the extruder under otherwise similar
conditions.   EXAMPLE 5      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[err]C Zone 1 temperature = 210[err]C 



Zone 2 temperature = 210[err]C Zone 3 temperature = 190[err]C Zone 4
temperature = 180[err]C Melt temperature = 215[err]C Injection and Hold
Pressures = 5.171 MPa gauge (750   psig) Mold temperature = 14[err]C Screw
speed = 75 rpm   EXAMPLE 6      The physical properties of the blends
prepared as in Example 5 are shown in Table XIV as well as physical
properties of the CAP containing 12% monomeric 



plasticizer.                                 47     



Table XIV      Physical Properties of Blends of CAP (DS[err]= 0.10,
DS[err] = 2.64) and Poly(Tetramethylene Glutarate)  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) 



Elongation   14       41       72       93       27 at break (%)  Flexural
3.3      2.1      0.78    0.18    2.16 Modulus (10[err] psi)  Izod Impact
1.7(C)   4.6(C)   15.4    12.9    7.43 23[err]C                       (PB)
(NB) (ft-lb/in)  HDT          81       54       41       NT       67 



([err]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 CAP 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.             48 



[err]        



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 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 also teaches some of the physical property
differences between a miscible, i.e., PEG(T) [70/3O], 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[err]C.   EXAMPLE 8 
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51   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
physical properties of AAPE molded bars                          Table XVII
Physical Properties of AAPE 



Property        PTS(T)          PTS(T)          PTG(T) (units)
[70/15]           [70/30]         [50/50]  Tensile Strength        2.89
1.79            1.51 (10[err] psi)  Elongation at break        482
384             437 (%) Flexural Modulus         0.57            0.20
0.13 (10[err] psi) 



Izod Impact 23[err]C             6.0 (NB)       6.5 (NB)         3.2 (NB)
(ft-lb/in)  Izod Impact -40[err]C            0.44 (CB)       0.86 (CB)
8.23 (NB) (ft-lbin)       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[err]C          



52        with a screw rpm of 25 to 30. This produced a measured       melt
temperature of 183[err]C. Heater temperatures must be       increased,
especially in the die area, by 5 to 10[err]C if       higher levels of
TiO[err] (or any antiblocks such as talc or  5    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[err]C.       Blowing
conditions can be characterized by the blow up 10    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 15    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 60/40
blend of cellulose acetate propionate       (DS[err] = 0.10, DS[err] =
2.64) and poly(tetramethylene 20    glutarate), and 2% TiO[err].  The
TiO[err], 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 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 5 mil die gap was
used. The air ring was a 30    Killion single-lip, No. 2 type.  Prior to
processing,       the blends were dried overnight at 50[err]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 35    mils.  This produced a film with average tear
strengths      



53         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 57 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 (DS[err] = 0.10, DS[err] = 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[err]C in dehumidified air
dryers. The results are given in Table XVII. 
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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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5 6                                 CLAIMS      We Claim:      1.   A
binary blend comprising:           (A) 5% to 98% of a C[err]-C[err] ester
of cellulose having  5             a DS/AGU (number of substituents per  



anhydroglucose unit)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[err]C
for a 0.5 g                 sample in 100 ml of a 60/40 parts by weight  10
solution of phenol/tetrachloroethane, and           (B)  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[err]C
for a 0.5  



g sample in 100 ml of a 60/40 parts by weight  15             solution of
phenol/tetrachloroethane, said                percentages being based on
the weight of                component (A) plus component (B), and
said aliphatic aromatic copolyester  20             comprises repeat units
of:                 [err] 



25        wherein R[err] and R[err] are selected from one or more of
the following groups consisting of C[err]-C[err] alkylene            or
oxyalkylene; C[err]-C[err] alkylene or oxyalkylene       



57                substituted with one to four substituents
independently selected from the group consisting of             halo,
C[err]-C[err] aryl, and C[err]-C[err] alkoxy; C[err]-C[err]
cycloalkylene; C[err]-C[err]  cycloalkylene substituted with  5
one to four substituents independently selected from 



the group consisting of halo, C[err]-C[err]  aryl, and C[err]-C[err]
alkoxy; R[err] is selected from one or more of the             following
groups consisting of C[err]-C[err]  alkylene; C[err]-C              12
oxyalkylene; C[err]-C[err]  alkylene or oxyalkylene  10         substituted
with one to four substituents              independently selected from the
group consisting of             halo, C[err]-C[err] aryl, and C[err]-C
[err] alkoxy; C[err]-C[err]              cycloalkylene; and C[err]-C[err]
cycloalkylene substituted 



with one to four substituents independently selected 15         from the
group consisting of halo, C[err]-C[err] aryl, and
C[err]-C[err] alkoxy; R[err] is selected from one or more of the
following groups consisting of C[err]-C[err]   aryl, C[err]-C[err]
aryl substituted with one to four substituents             independently
selected from the group consisting of 20         halo, C1-C4 alkyl, and
C[err]-C[err] alkoxy.    



2.    The blend of Claim 1 wherein the cellulose ester             has a
DS/AGU of from 2.1 to 2.85.                                        58  



3.    The blend of Claim 2 wherein the ester of cellulose           is
cellulose acetate propionate having a DS/AGU            (number. of
substituents 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 1 wherein R[err] or R[err] is selected
from C[err]-C[err] alkylene, C4-C8 oxyalkylene, or C[err]-C[err] 



cycloalkylene; R5 is selected from C[err]-C[err] alkylene,  10
C[err]-C[err] oxyalkylene, or C[err]-C[err]  cycloalkylene; R[err] is
selected from C[err]-C[err] aryl.       5.    The blend of Claim 1 wherein
the mole % of R[err] in the            copolymer is from 30 to 95%, and the
mole % of R[err] is 15         from 5 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
wherein 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-  



59            cyclohexanedicarboxylic, diglycolic, itaconic, maleic,
2,5-norbornanedicarboxylic, 1,4-terephthalic, 1,3-  



terephthalic, 2,6-naphthalene dicarboxylic, 1,5-            naphthalene
dicarboxylic, and ester forming  5        derivatives thereof, 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-butanediol, 1,5-pentanediol, 1,6-  



10        hexanediol, 2,2,4-trimethyl-1,6-hexanediol,
thiodiethanol, 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-terephthalate),  20        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  



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       



60              terephthalate is 15-55% and the mole % of
diglycolate   is 1-10%.       10.   The blend of Claim 9 wherein the
aliphatic-aromatic 5         copolyester is poly(ethylene glutarate-co-
naphthalene dicarboxylate), poly(tetramethylene 



glutarate-co-naphthalene dicarboxylate),           poly(tetramethylene
adipate-co-naphthalene           dicarboxylate), poly(ethylene
adipate-co-naphthalene  10        dicarboxylate), poly(tetramethylene
succinate-co-           naphthalene dicarboxylate), or poly(ethylene
succinate-co-naphthalene dicarboxylate), wherein the            mole % of
naphthalene dicarboxylate is 15-55%.   15  11.   The blend of any one of
Claims 1 to 10 wherein the 



Tg of the cellulose ester is from 85-210[err]C.       12.  A ternary blend
comprising:            (A) 4% to 97% of a C1-C10 ester of cellulose having
20              a DS/AGU (number of substituents per
anhydroglucose unit) 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[err]C for a 0.5 g                  sample in 100 ml of a 60/40 parts
by weight 25              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
61  



as measured at a temperature of 25[err]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
alcohol, 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[err]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                 (C).       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.          



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 one of Claims 11 to 14 wherein            component
(B) is present 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.



20.   A blend comprising:             (A) 50% to 99% 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  5              temperature
of 25[err]C for a 0.5 g sample in 100                ml of a 60/40 parts by
weight solution of                phenol/tetrachloroethane,  



(B) 1% to 50% of biodegradable additives, said 10             percentages
being based on the weight of                  component (A) plus component
(B).       21.   A blend comprising:            (A) 95% to 99.95% of a
binary or ternary blend of 15             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[err]C for a 0.5 g sample in 100 



ml of a 60/40 parts by weight solution of
phenol/tetrachloroethane, 20         (B)  0.05% to 5% of immiscible
hydrophobic agent,                 said percentages being based on the
weight of                 component (A) plus component (B).       22.   The
blend of Claim 21 wherein component (B) includes 25        paraffin,
monoacyl carbohydrates, and           monoglycerides.     



64        23.  The blend of Claim 20 wherein component (B) is
microcrystalline cellulose.   



24.  The blend of Claim 20 wherein component (B) has a  5        particle
size of 0.1-15 microns.       25.  The blend of any one of Claims 1 to 24
additionally            comprising 0.001 to 50 weight %, based on the total
weight of the composition, of at least one  10        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.  15
26.  Shaped articles, films or fibres comprised of the            blends of
any one of claims 1 to 25.    








