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pH-®ODI FT'ED POLYMER COVPCOSI TI ONS W TH ENHANCED
Bl ODEGRADABI LI TY TECHNI CAL FI ELD The
present invention relates to bi odegradabl e pol yneric conpositions and, nore
particularly, polyneric conpositions having enhanced bi odegradability
relative to the polyner itself, Filns prepaftedifromsuchk conpositions are
particularly suitable for use AS backsheets i n4di sposable absorbent
articles designed for absorblng various bodily fluids, such as diapers,

trai ning pants, sanitary napkins, pantiliners, and the like.

BACKGROUND OF THE | NVENTI ON A wide variety of disposable absorbent
structures designed for the absorption of bodily fluids, such as urine and
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BIODEGRADABILITY

TECHNICAL FIELD
The present invention relates to biodegradable polymeric compositions
10 and, more particularly, polymeric compositions having enhanced
biodegradability relative to the polymer itself. Films prepared from such
compositions are particularly suitable for use as backsheets in disposable
absorbent articles designed for absorbing various bodily fluids, such as
diapers, training pants, sanitary napkins, pantiliners, and the like.

16 BACKGROUND OF THE INVENTION

A wide variety of disposable absorbent structures designed for the
absorption of bodily fluids, such as urine and menses, are known. Such
products generally comprise some sort of fluid-permeable topsheet material, an
absorbent core, and a fluid-impermeable backsheet material. The bulk of such

20 products is often the absorbent core component, such that a typical disposable
diaper having an absorbent core consisting primarily of wood pulp fibers
consists of about 80% biodegradable materials. However, the remaining
componehts generally comprise materials which are typically considered to be
non- or marginally- biodegradable. For example, topsheet and backsheet

25 materials are often prepared from polypropylene or polyethylene.

The biodegradability of disposable absorbent products has recently been
emphasized. Although these disposable products typically largely comprise
materials that would be expected to ultimately biodegrade, and although such
products contribute only a very small percentage of the total solid waste

30 materials generated by consumers each year, there is nevertheless a currently
perceived need to devise such disposable products from materials that
biodegrade relatively quickly, thereby lessening their bulk. There is a
particular need to replace polyethylene backsheets with liquid impervious,
biodegradable films since the backsheet is typically the largest non-

35 biodegradable component of an absarbent article. To avoid a buildup of man-
made materials in the soil, it is desirable that such materials be fully
biodegradable, i.e., biodegradation is coaﬁplete to carbon dioxide, water,
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absorbent core, and a fluid-irpermeabl e backsheet material. The bul k of
such products is often the absorbent core conponent, such that a typical
di sposabl e di aper havi ng an absorbent core consisting primarily of wood
pul p fibers consists of about 80% bi odegradabl e materials. However, the
remai ni ng- conponents generally conprise ne&terials which are typically
considered to be non- or marginally- biodegradable. For exanple, topsheet
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character of such materials combined with their inherent acidity or basicity.
Thus, such a composition may not be sufficiently stable for its intended use.
This may be a particular problem in applications where the composition is
exposed to moisture for extended periods, such as may occur with the
15 overnight wearing of diapers. Such products may not retain sufficient integrity
to satisfy consumer needs. In addition, the presence of strong acids and bases
in components of absorbent articles wherein contact with human skin may
ocecur presents toxicity concems.
Thus there remains a need for film-processable polymers which are
20 suitable for use in disposable absorbent articles and which have enhanced
biodegradability. 1t is therefore an object of the present invention to provide
biodegradable polymers which have increased rates of biodegradability.
Another object of the invention is to provide such polymers which are fully
biodegradable to carbon dioxide, water, biomass, and minerals. An additional
25 object is to provide such materials which are non-tcxic to humans and which
remain sufficiently stable during use. Another object is to provide polymer
materials which are compostable. Additional objects include providing
disposable absorbent articles having enhanced biodegradability.

30 SUMMARY OF THE INVENTION

The present invention is directed to polymer compositions having
enhanced biodegradability. The polymer compositions comprise a polymer
containing hydrolyzable bonds and a substantially water-insoiuble, pH-
modifying compound such as a substantially water-insoluble acid or base. Ina

35 preferred embodiment the polymer composition comprises a polymer
containing base-hydrolyzable bonds and a substantially water-insoluble, pH-
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2 Dbiomass, mnerals, and optionally nethane. It is further desirable that
bi odegradati on occur as rapidly as possible, in order to avoid the
accunul ati on of man-nmade materials in the soil. It is also desirable that
these blodegradable mat eri al s be conpost abl e. M crobi al degradation of

"natural " pol yners such as starch, cellul8se, and lignin typically involves
an initial hydrolysis of the polyner by extracellul ar enzymes (enzymatic
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Exemplary aliphatic polyesters include polycaprolactone, polyesters
derived from the reaction of an aliphatic dicarboxylic acid and a diol,
polyhydroxyalkanoates, and oxidized ethylene/carbon monoxide polymers.

20 Polycaprolactone can be produced, e.g., via the ring-opening
polymerization of epsilon-caprolactone. Such polymers are available from the
Union Carbide Corporation under the tradename TONE in a variety of
molecular weight (hereinafter MW) grades. For example, TONE polymer P-
300, P-700, P-767 and P-787 have average molecular weights of about 10,000;

25 about 40,000; about 43,000; and about 80,000 grams per moie, respectively.
These polymers are described in Union Carbide Brochure F-80456 entitled
"Tone Polymers" incorporated herein by reference.  Polycaprolactone
polymers having molecular weights of at least about 40,000 grams per mole
can be melt processed into strong, water resistant films and are therefore

30 generally preferred for use in disposable film applications. Polycaprolactone
polymers having an average molecular weight of about 80,000 grams per mole
are especially preferred.

Block copolymers of polycaprolactone with polydienes such as
polyisoprene and polybutadiene are also suitable for use in the present

35 invention. Such polyesters are described in U.S. Patent 3,585,257, issued to
Mueller et al., incorporated herein by reference. The block copolymers can
have various architectures, for example, an A-B diblock copolymer, an A-B-A

triblock copolymer, and ~{A-B) -- multiblock copolymers where n = 2, 3, etc.
n
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10 Other mixed aliphatic and aromatic polyesters include copolymers
derived from aromatic monomers and aliphatic monomers such as oxalates,
malonates, succinates, glutarates, adipates, pimelates, suberates, azelates,
sebacates, nonanedioates, glycolates, and mixtures thereof. Such copolymers
may contain PET or PBT.

15 Cellulose esters represent another type of polymer suitable for use in
the present invention. Such esters are described in Modemn Plastics
Encyclopedia, p.p. 23-24 (McGraw Hill, 1980), incorporated herein by
reference. The cellulose esters useful in the present invention can be
prepared using techniques known in the art or are commercially available, e.g.,

20 from the Eastman Chemical Company, Inc., Kingsport, TN, U.S.A. The
cellulose esters which are particularly useful in the present invention have
degrees of substitution (DS) in the range of from about 1.6 to about 3.0.
Preferred celiulose esters include cellulose acetate (CA), cellulose propionate
(CP), celiulose butyrate (CB), cellulose acetate propionate (CAP), cellulose

25 acetate butyrate (CAB), celiulose propionate butyrate (CPB), and the like.
More preferably, the cellulose ester is CAP or CAB, and is most preferably
CAP. These celiulose esters are described in U.S. Patent Nos. 1,698,049;
1,683,347, 1,880,808; 1,880,560; 1,984,147; 2,129,052; and 3,617,201, each
being incorporated herein by reference.

30 Polyester polyurethanes suitable for use herein include, for example,
biodegradable polyurethanes prepared from low molecular weight aliphatic
polyesters derived from epsilon-caprolactone or the reaction products of a diol-
dicarboxylic acid condensation. For example, biodegradable polyester
urethanes derived from polyethyleneglycol adipate, poly (1,3-propanediol

35 adipate) and poly (1,4-butanediol adipate) are disciosed in "The Prospects for
Biodegradable Plastics”, F. Rodriguez {Chem Tech, July - 1971), incorporated
herein by reference. Exemplary aliphatic polyester urethanes are available
from Morton international, Inc. under the tradename MORTHANE.
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havi ng 15  potential skin sensitivity or to maximize hydrolytic activity. Typically, the pH-

modifier will be used at a level of from about 1 to about 15 percent based on

the weight of the polymer containing hydrolyzable bonds. Hydrolytic activity

tends to increase with increasing levels of the pH-modifying compound.

Any combination of an acidic compound and a polymer having acid-

20 hydrolyzable bonds, or a basic compound with a polymer having base-

hydrolyzable bonds may be used. However, the combination should provide

both sufficient stability of the polymer in storage and in the intended

application, and an improved rate of biodegradability under disposal conditions

such as in a landfill or in a composter. Thus, the particular blend is preferably

25 chosen such that the polymer composition does not prematurely decompose

while in its intended use, for example, when in contact with bodily fluids. The

particular selection should also provide an increased rate of biodegradability

relative to the unmodified polymer. In general, the components should be

selected such that hydrolysis does not occur to a significant extent under the

30 normal storage and use conditions of the composition. These conditions may

range, for example, between the extremes of hot and arid, hot and humid,

exposure to urine for extended times (e.qg., greater than 16 hours), and the

extremes of cold and arid or cold and humid. In general, hydrolysis of the

polymer composition under normal storage and use conditions should not

35 occur in less than about 1 day, preferably less than about 1 week. Upon later

exposure to more exireme hydrolysis conditions, e.g., as may be encountered

in a municipal solid waste composting process (typically reiatively high
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i nventi on i nvedly@er anfragmentithereof has a molecular weight which is sufficiently low to
allow internal enzymatic microbial degradation. Thus, the rate and extent of
10 the microbial degradation step generally depends on the average molecular
weight of the polymer between hydrolyzable bonds and the rate and extent of
hydrolysis occurring in the hydrolytic step. The lower the molecular weight
fragments of the polymer resulting from hydrolysis, the more susceptible the
fragments are to microbial attack and thus biodegradation. Typically, to
15 achieve enhanced biodegradability in accordance with the present invention,
the average molecular weight of the polymer chain between hydrolyzable
bonds is less than about 1000 grams per mole, preferably less than about 500
grams per mole. Without intending to be bound by theory, it is believed that
the rate and extent of microbial degradation for these polymers will increase
20 with the rate and extent of hydrolysis. In addition, without intending to be
bound by theory, it is expected that for a given degree of hydrolysis of these
polymers, the rate and extent of microbial degradation increases as the
average molecular weight between hydrolyzable bonds decreases.
The pH-modifying compound may be incorporated into the polymer by
25 any known method of incorporating particulate materials into polymer materials.
Such methods are well-known to those skilled in the art and include solution
slurries, pre-compounding, and co-extrusion. The resultant compositions are
typically dried soon after compounding in order to prevent or minimize any
premature hydrolysis. In addition, the composition is preferably dried after any
30 subsequent steps in which significant moisture contamination may occur.
Drying conditions are dependent on polymer type and are readily available
from the base resin manufacturer. Typically, drying is performed by subjecting
the polymer or polymer composition to elevated temperatures (e.g., about 40°C
- 60°C) for a period of about 4-12 hours under vacuum or under low moisture
35 air (dew point below about 0°F (18°C)). Drying temperatures are preferably
selected to avoid softening and subsequent coalescence of resin particles.
The polymer compositions may optionally contain other components
conventionally used in plastics compounding, including pigments and
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material . 15 absorbent article generauy worn by mfants and mcontment persons that is worn

about the lower torso of the wearer. It should be understood, however, that the
present invention is also applicable to other absorbent articles such as
incontinent briefs, incontinent undergarments, diaper holders and liners,
feminine hygiene garments, sanitary napkins, pantiliners, and the like.

20 Disposabile diapers typically comprise a liquid pervious topsheet; a liquid
impervious backsheet joined with the topsheet, an absorbent core positioned
between the topsheet and the backsheet, and a fastening system. In addition,
these diapers may comprise various elastic components such as elasticized
side panels, elasticized leg cuffs, or an elastic waist feature. The diaper of the

25 present invention may be assembled in a variety of well known configurations.
Preferred diaper configurations are described generally in U.S. Patent
3,860,003, issued to Buell on January 14, 1975; and U.S. Patent 5,152,092,
issued to Buell, et al. on September 29, 1992; each of which is incorporated
herein by reference. Alternatively preferred configurations for disposable

30 diapers herein are also disclosed in U.S. Patent 4,808,178, issued to Aziz, et
al. on February 28, 1989; U.S. Patent 4,695,278, issued to Lawson on
September 22, 1987; and U. S. Patent 4,816,025, issued to Foreman on March
28, 1989. These patents are incorporated herein by reference.

U.S. Patent No. 5,152,092 describes in detail various components which

35 may be present in the diaper of the present invention. In order to enhance the
biodegradability of the diaper, the diaper has at least one component
containing the polymer composition of the present invention. The composition
can be incorporated in any form, including film, particulate (including fiber), or
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The cumulative CO; production can be determined by monitoring and
integrating the evolved CO2 in the exhaust stream from a test reactor. The
percentage biodegradation can then be calculated as the percentage of carbon
in the t{est material (determined by standard physico-chemical methods) which
is converted to CO2. The Sturm test employs an inoculum derived from the
supernatant of a settied, activated sludge from a waste water treatment facility.
The inoculum in the OWS test consists of a mature, stabilized fraction of
municipal solid waste. Details of these techniques are found in "Ready
Biodegradation: Modified Sturm Test;" OECD Method #301B; and in "Standard
Test Method for Determining Aerobic Biodegradation of Plastic Materials under
Controlled Composting Conditions,” ASTM Method #D5338-92; each test
method being incorporated herein by reference. _

A material may be biodegradable without being compostable.
"Compuostability,” "compostable,” and the like means the ability of a material to
undergo physical, chemical, thermal, and/or biclogical degradation in a
municipal solid waste (hereinafter "MSW") composting facility such that the
material will break down into, or otherwise become part of, usable finished
compost. To be considered compostable, a material must also ultimately fully
biodegrade in the environment in a manner similar to paper and yard waste.

Municipal solid waste (MSW) composting processes generally involve
three sequential phases: waste preparation, active composting, and curing.
During the waste preparation phase, raw MSW is first sorted to remove
recyclables and known non-compostable materials. The sorted materials are
then reduced in physical size, generally via a grinder or rotating drum such as
are known in the composting art. The goal is to obtain a consistent physical
size, typically particles of about 2" diameter, which will maximize surface area
for microbial attack and allow effective air management during the subéequent
active composting phase. Following size reduction, materials are usually
screened through a 1.5" - 2" screen. In order to be compostable by this
process, a material must be capable of being reduced in size such that it

f the



derived fromthe reaction of an aliphatic dicarboxylic acid and a diol,

pol yhydr oxyal kanoat es, and oxi di zed et hyl ene/ carbon nmohox$tde HIOBXARE Brced

Pol ycaprol-act ong,,can be produced, e.g.,, via the ring-op i

pol yner'i zat i on"g? epsi | on- caprol act one. Such pol yners ajmwm'ﬂ#mﬂwtom
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various aténi madeniales, for exanple, an A-B dibl ock copol yner, an A-B-A
triblock copolyner, and -(A-B)[err] - multiblock copolyners where n = 2, 3,

ete. The following example illustrates the practice of the present invention
but is not intended to be limiting thereof.

EXAMPLE

15 A polymer composition which is a 85%/5% by weight blend of (a) a
polyester polymer such as described in U.S. Patent 5,171,308 or International
Publication No. WO 82/09654 and (b) calcium hydroxide as the pH-modifying
compound may be prepared as follows:

. The polyester polymer is dried in a vacuum oven so as to minimize

20 molecular weight loss of the polyester due to hydrolysis in the elevated
temperature of the extruder. Sufficient drying depends on the specific
polyester involved, as would be understood by the skilled artisan. Typically
sufficient drying is achieved after 4 hours at 140°F (60°C). In 200 gram
batches, 190 grams of the dried polyester and 10 grams of Ca{OH)2 are melt

25 compounded in a Rheomix TW-100 twin screw extruder {available from Haake)
equipped with conical barrels, two partially intermeshing counter-rotating
screws and a horizontal rod die having a 0.125 inch (0.3175 cm) diameter
nozzie. The temperature of the extruder is varied from 284°F (140°C) in the
first heating zone, to 302°F (150°C}) in the second zone, and to 320°F (160°C)

30 at the discharge end near the die. The die is maintained at 266°F (130°C).
The screw speed is held constant at 30 rpm. The resuitant, extruded molten
strand is then cooled and solidified in a water bath prior to entering a Berlyn
Model PEL-2 pelletizer (available from the Berlyn Co.) where it is chopped into
pellets approximately 0.125 inches (0.3175 cm) long. Successive 200 gram

35 batches are melt compounded until a total of about 1600 grams of peliets is



Anot her type of aliphatic polyester suitable for use in the present

I nventton-are those polyesters derived fromthe reaction of an aliphatic
di carboxylic acid and a diol, for exanple, as described in "An Overvi ew of
‘Pl astics Degradability,"” Kl enchuk, Mdem Pl astics, U st 1989)

i ncorporated herein by reference. Exanples of these m H’Mﬂ”
pol yesters include polyethyl ene adi pate, pdy (1, 3- te)

poly (1, 4-butanedi ol adipate), poly (1, 4-butanedi ol sebacat e) poI y

(1, 3- propanedi ol Wawatisichahed)is: and poly (1, 4-butanediol glutarate). Such
copolynmers are comrercially available from for exanple, Showa H ghpol yner
Co., Ltd. under the tradenane BI ONOLLE. Suitable aliphatic polyesters
al so include t hel-pol yhpalyswysompasiiendsviag enhaneeditiesicgradabilityecoriprising a blend
hydr oxyal kanoi ¢ aci dsef: Pol yhydr oxyal kanoat es i ncl ude synthetic polyners

such as pol yl actides gderi ved fromlactic aci ria-derived polyners
such as pol yhydr oxybuthyr at?ePPISRE) © %%r@%gﬁ‘%ﬁg&%&’ﬁ%tﬂﬁ rahlye sefentedh at e

(PHBV) copol yners.  Pref erfros thex gmpp emnsiftingobfy pelgtstats sceliulosel esters| [peiester

No. VIO 90/ 01521, anch of MEpre aey pAVaEy hohralals) | ByichRads ol

Preferred exanpl es of PHBWW&PV?@meW@fﬁFBVY@dW%@ are described in
U.S. Patent 4,393, 167ii) i sausstanidip| waer-iéohdle, ;SHLmUdl fying dasi¢ Wdpodhd ddidS.

Pat ent 4, 880, 592, issued t e

ref erences bei ng mcorpora? m%@r%’%% gélgfogla'é?'\l?@eéau@tf%ﬁ %"ﬁg}is?rfgrs?‘d;{’]"é‘e'
commercial |y avail abl e fr diddolszeble ahond};emembly rduisg r 2 €25°Gneelnbiitye product
tradename Bl OPOL These polcyf®is 1@%1:@?%?%@:%0{1{ PRt §58 thiBHEtnf?’f h§413 OfpoRtigar

by the bacterium Al caligenes, eutro di scusse
preferably se ect ﬁ'om the group consisting of alkaline earth metal

salts, alkaline earth metal oxides, alkali metal salts of organic acids,
basic mono-, di-, and tri- phosphates, conjugate bases of organic
acids, and mixtures thereof, most preferably selected from the group
consisting of calcium oxide, calcium hydroxide, magnesium oxide,
magnesium hydroxide, basic mono-, di-, and tri- phosphates, the
conjugate bases of organic acids, and mixtures thereof.

2. A film comprising the polymer composition of Claim 1.

3. A method of enhancing the biodegradability of a polymer containing base-
' hydrolyzable bonds, comprising the step of adding a substantially water-
insoluble, pH-modifying basic compound to the polymer, the compound being
capable of accelerating the hydrolysis of said base-hydrolyzable bonds, more
preferably selected from the group consisting of alkaline earth metal saits,
alkaline earth metal oxides, alkali metal salts of organic acids, basic mono-,
di-, and tri- phosphates, conjugate bases of organic acids, and mixtures
thereof, most preferably selected from the group consisting of calcium oxide,
calcium hydroxide, magnesium oxide, magnesium hydroxide, basic mono-, di-
, and tri- phosphates, the conjugate bases of organic acids, and mixtures
thereof, and the polymer preferably being selected from the group consisting
of polyesters, cellulose esters, polyester polyurethanes, polyamides,
polycarbonates, polyamino-acids, and mixtures thereof, more preferably a
polyester.
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Busi ness 2000+, (Wnter, 1990), incorporated herein by reference. ot

O her types of aliphatic polyesters suitable for use herein are the
oxi di zed et hyl ene/ carbon nonoxi de pol yners such as described in U S. Patent
Nos. 4,929,711 and 4, 957,997; each incorporated herein by reference, and
pol yners such as pol yet hyl ene sebacate, pol yethyl ene succinate, and «
pol yhexamet hyl ene sebgcate. Further etanples of suitable aljphatic
pol yesters are found in "Pol yner Handbook, Third Edition", J.
E. H,lImergut, John Wley & Sons, Section Vi, pp. 56-67,

hereih by reference.” M xed aliphatic and aromatic pol yesters

I ncl ude, for exanple, those produced by random copol yneri zation of

pol yet hyl ene terephthalate (i.e., PET) or pol ybutyl ene terepﬂyﬁalate
(i.e., PBT) wthggis ] ' Vﬁﬁﬁ t ent

5, 053, 482, issue i,ito |etl§0ﬁ§$§§g P%“%?éscri ngﬁpﬁ%% 9esters based
on pol yet hyl ene terephthal ate ( } G i d wth

7 diethylene glycol and 5-sul foisophthalic acid. International Patent
Appl i cation WD 91/ 02015, published February 21, 1991, discl oses

hydr odegr adabl e, TECHNICAL FIELD
The present invention relates to biodegradable polymeric compositions
and, more particularly, polymeric compositions having enhanced
biodegradability relative to the polymer itself. Films prepared from such
compositions are particularly suitable for use as backsheets in disposable
absorbent articles designed for absorbing various bodily fluids, such as
diapers, training pants, sanitary napkins, pantiliners, and the like.

u

Br andrup and
i ncor por at ed

BACKGROUND OF THE INVENTION

A wide variety of disposable absorbent structures designed for the
absorption of bodily fluids, such as urine and menses, are known. Such
products generally comprise some sort of fluid-permeable topsheet material, an
absorbent core, and a fluid-impermeable backsheet material. The bulk of such
products is often the absorbent core component, such that a typical disposable
diaper having an absorbent core consisting primarily of wood pulp fibers
consists of about 80% biodegradable materials. However, the remaining
components generally comprise materials which are typically considered to be
non- or marginally- biodegradable. For example, topsheet and backsheet
materials are often prepared from polypropylene or polyethylene.

The biodegradability of disposable absorbent products has recently been
emphasized. Although these disposable products typically largely comprise
materials that would be expected to ultimately biodegrade, and although such
products contribute only a very small percentage of the total solid waste
materials generated by consumers each year, there is nevertheless a currently
perceived need to devise such disposable products from materials that
biodegrade relatively quickly,” thereby lessening their bulk. There is a
particular need to replace polyethylene backsheets with liquid impervious,
biodegradable films since the backsheet is typically the largest non-
biodegradable component of an absorbent article. To avoid a buildup of man-
made materials in the soil,” it is desirable that such materials be fully
biodegradable, i.e., biodegradation is corﬁpiete to carbon dioxide, water,




random copol yners conprised of aromatic pol yesters such as PET or PBT
randomy interrupted with aliphatic hydrodegradable |ink polynmers such as
pol ygl ycolic acid, polylactic acid, polycaprolactone, polyhydroxybutyrate,
pol yhydr oxybut yrat e/ val erate, pol ybutyl ene oxal ate, pol yethyl ene adi pat e,
pol yet hyl ene carbonate, polybutylene carbonate, and ot her polyesters
containing silyl ethers, acetals, or ketals. Each of these references is

i ncorporated herein by reference. QO her m xed aliphatic and aronatic
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component consisting of a blend of hydroxyacid polymers and ethylene-vinyl
alcohol or polyvinyl alcohol are disclosed in International Publication No. WO
90/10671. The preparation of polyesters based upon copolymerization of
polyethylene terephthalate and non-aromatic diacids such as adipic and
glutaric acids with sulfoisophthalic acid derivatives are described in U.S. Patent
5,171,308 and the associated parent applications.

Although the above polymer materials may meet certain requirements for
composting (e.g., facile physical fragmentation with ultimate foss of
macroscopic structural integrity), the ability to completely biodegrade to carbon
dioxide, water, biomass, minerals, and optionally methane within a period of
time comparable to materials which are generally recognized as blodegradable
and compostable, such as yard waste, has yet to be demonstrated. In
particutar, synthetic polymers such as aromatic-aliphatic copolyesters are not
readily biodegradable because microbes have not yet evolved with the
requisite extracellular enzymes to generate low molecular weight oligomers
and/or monomers which can be metabolized. Therefore, there is a continuing
need to enhance both the degree (i.e., the extent) and rate of biodegradation of
such polymeric materials.

Toilet-flushable sanitary products containing binder resins that are
degradable in toilet water upon the addition of water-soluble acids or bases to
the toilet water have been disclosed. See, for example, U.S. Patent 3,480,016
issued to Costanza et al., on November 25, 1969 and U.S. Patent 3,707,430
issued to Costanza et al., on December 26, 1972. However, these patents do




bi odegr adabl e pol yuret hanes prepared from | ow nol ecul ar wei ght aliphatic
pol yesters derived from epsilon-caprol actone or the reaction products of a

di ol - di carboxylic acid condensation. For exanple, biodegradable

pol yest er ur et hanes derived from pol yet hyl enegl ycol adi pate, poly

(1, 3- propanedi ol adi pate) and poly (1, 4-butanedi ol adi pate) are

di sclosed in "The Prospects for Bi odegyr adabl e Pl astics", F. Rodriguez

(Chem Tech. July - 1971), i ncorporated herein by reference. Exenplary
al i phati c polytegdf¥il! feh GHafiord V¥ {haPheids of 'H¥eDIt®h Ipdlyridafilenal .
e, ander ! iGfesd. e Tcbmoration of such water-soluble acids and basgs is beli
REPLACEMVENT '8 ; rporatio er-soluble acids and basgs is believed tp; 4p) e
pol yanm des fioe unsuitable fardopmiagepalymer films and; more particudarlye palypiearic films
copol ?/rrersl CRFNdes iiM Satldirbénta Brotiuces iiftended {ce! BpplfdatioAs! ig?avml ﬁehﬁg, for
"ol Lde. pol ySteet st B claphs, PR BealEd RuciTlvaltr i@ ksl e Bigpes™
al cohol s. Suare pisengrmcidsaandniasesds tois believed that thanincomporationwofi suchhe
art. et hPﬁllameé)mm pre8udts Svduld bi’@sé?ﬁ%?@ﬂbnis’%?ﬁhhﬁﬁduﬁﬁb%ﬁh a{sfr o
oo o ot S et e e b L o o
and Vi nogr adbeligveddhghthenircomosatign of such geigrials. ipto a4mlyner, maycesybirat ed
herein by reprineitafe hydrolysis of the polymer composition due to the hygroscopic
character of such materials combined with their inherent acidity or basicity.
Thus, such a composition may not be sufficiently stable for its intended use.
“This may be a particular problem in applications where the composition is
exposed to moisture for extended periods, such as may occur with the
overnight wearing of diapers. Such products may not retain sufficient integrity
to satisfy consumer needs. In addition, the presence of strong acids and bases
in components of absorbent articles wherein contact with human skin may
oceur presents toxicity concerns.

Thus there remains a need for film-processable polymers which are
suitable for use in disposable absorbent articles and which have enhanced
biodegradability. 1t is therefore an object of the present invention to provide
biodegradable polymers which have increased rates of biodegradability.
Another object of the invention is to provide such polymers which are fully
biodegradable to carbon dioxide, water, biomass, and minerals. An additional
object is to provide such materials which are non-texic to humans and which
remain sufficiently stable during use. Anocther object.is to provide polymer
materials which are compostable. Additional objects include providing
disposable absorbent articles having enhanced biodegradability.

SUMMARY OF THE INVENTION

The present invention is directed to polymer compositions having
enhanced biodegradability. The polymer compositions comprise a polymer
containing hydrolyzable bonds and a substantially water-insoluble, pH-
modifying compound such as a substantially water-insoluble acid or base. Ina
preferred embodiment the polymer composition comprises a polymer
containing base-hydrolyzable bonds and a substantially water-insoluble, pH-
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Pol yam no acids for use in the present invention include, for exanple,
bacteri a-derived pol y(y-glutam c acid) and pol yaspartic acid. Polyaspartic
acid may be particularly useful as a replacenent for polyacrylic acid as an
absorbent or a dispersant. Polyaspartic acid is described in Industrial

Bi oprocessing, L. Koshan, (May 1992): 1-2, incorporated herein by

ref erence. The pol yner conposition further conprises a substantially
wat er- insol uble, pH nodifying conppund. By "pH nodifying" is neant the
ability of the conpound to change the pH of an aqueous environment when
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pot assi umydmly_sisd wnddsibaar Qme;stmd awd ccpttorta«yt teiat), e plammcdifying
compound serves to catalyze this initial chemical hydrolysis, resulting in
polymer molecular weight reductions approaching 100-fold. Monomers andlor
oligomers which have a molecular weight ranging from about 100 to about
10,000 grams/mole, preferably from about 100 to about 1,000 grams/mole, are
typically formied in this step. In the second, microbial degradation step,
microbes assimilate and enzymatically metabolize these low molecular weight
residues. Ltis believed that the low molecidar welght residues are more readily
metabolized by microorganisms than the otiginal polymer. Thus, the overall

rate and extent of biodegradation of such polyimers and products incorporating
the same are enhanced.

DETAILED DESCRIPTION OF THE INVENTION

The polymer compositions of the invention comptise a polymer
containing a functional group containing at least one hydrolyzable bond.
“Polymer" is intended to include homo- and co- polymers and blends thereof.
(a copolymer or blend includes at feast one other polymer which may or may
not contain hydrolyzable bonds). By “"hydrolyzable,* “hydrolysis,* and the like
is meant the ability of water to chemically react with a substance to form two or
more new substances. This involves ionization of the water molecule as well
as splitting of the compound being hydrolyzed, e.g., an ester group of a
polyester is hydrolyzed into the corresponding carboxylic acid and alcoho!l. By
“acid-hydrolyzable bonds” and "pase-hydrolyzable bonds" it is meant that the
hydrolysis of the bond is inltiated or catalyzed by an acidic or basic material,




9 conpound is preferably cal cium oxide, calcium hydrOX| de magn_e5| um
oxi de, magnesi um hydroxi de, or any m xt ure ther ; = It

conpounds have a roomtenperature (i.e., 25[err}|i
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groups. emplary functional groups which
contain base-hydmlyzable bonds include c-ester and anhydride groups.
Functional groups which contain both acid- and base- hydrolyzable bonds
include carbonate, ester, and iminocarbonate groups. Thus, exemplary
polymers for use in the polymer compositions of the invention include
polyesters, celiulose esters, polyester polyurethanes, polyamides,

polycarbonates, and polyamino acids. For economic and functional reasons,
the polymer is preferably a polyester.

Polyesters for use as the base polymer in the present invention may be

aliphatic, aromatic, or mixed afiphatic and aromatic. Typically the polyester will
be aliphatic or mixed aliphatic and aromatic.

Exemplary aliphatic polyesters include polycaprolactone, polyesters
derived from the reaction of an aliphatic dicarboxylic acid and a dio,
polyhydroxyatkancates, and oxidized ethylene/carbon monoxide polymers.

Polycaprolactone can 'be produced, e.g., via the ring-opening
polymerization of epsilon-caprolactone. Such polymers are available from the
Union Carbide Corporation under the tradename TONE in a variety of
molecular weight (hereinafter MW) grades. For example, TONE polymer P-
300, P-700, P-767 and P-787 have average molecular weights of about 10,000;
about 40,000; about 43,000; and about 80,000 grams per mole, respectively.
These polymers are described in Union Carbide Brochure F-60456 entitied
"Tone Polymers,” incorporated herein by reference. Polycaprolactane
polymers having molecutar weights of at least about 40,000 grams per mole
can be melt processed into strong, water resistant films and are therefore
generally preferred for use in disposable film applications. Polycaprolactone
polymers having an average molecular weight of about 80,000 grams per mole
are especially preferred.

Block copolymers of polycaprolactone with polydienes such as
polyisoprene and polybutadiene are also suitable for use in the present
invention. Such polyesters are described in U.S. Patent 3,685,257, issued to
Mueller et al., incorporated herein by reference. The block copolymers can
have various architectures, for example, an'A-B diblock copolymer, an A-B-A
triblock copolymer, and —(A-B)n - muiltiblock copolymers where n = 2, 3, etc.




the wei ght of the polymer containing hydroly
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include synthetic polymers such as polylactides derived from lactic acid and
bacteria-derived polymers such as polyhydroxybutyrate (PHB) polymers and
polyhydroxybutyrate/valerate (PHBV) copolymers. Preferred eicamples of
polylactides are described in U.S. Patent Nos. §,142,023 and 4,797,468 and in
International Publication No. WO €0/01521, each of which is incorporated
herein by reference. Preferred examples of PHB homopolymer and PHBV
copolymers are described in U.S. Patent 4,393,167, issued to Hoimes et al. on
July 12, 1883, and U.S. Patent 4,880,582, issued to Martini et al. on November
14, 1888, both references being incorporated herein by reference. Such
copolymers are commercially available from Imperial Chemical industries under
the tradename BIOPOL. These polymers are produced from the fermentation
of sugar by the bacterium Alcaligenes eutrophus and are discussed in
Business 2000+, (Winter, 1890), incorporated herein by reference.

Other types of aliphatic polyesters suitable for use herein are the
oxidized ethylene/carbon monoxide polymers such as described in U.S. Patent
Nos. 4,929,711 and 4,857,997; each incorporated ‘herein by reference, and
polymers such as polyethylene sebacate, polyethylene succinate, and
polyhexamethylene sebacate. Further examples of suitable aliphatic
polyesters are found in “Polymer Handbook, Third Edition", J. Brandrup and E.

H. Immergut, John Wiley & Sons, Section VI, pp. 56-67, incorporated herein by
reference.

Mixed aliphatic and aromatic polyesters include, for example, those
produced by random copolymerization of polyethylene terephthalate (i.e., PET)
or polybutylene terephthalate (i.e., PBT) with aliphatic constituents. For
example, U.S. Patent 5,053,482, issued to Tietz on October 1, 1881, describes
polyesters based on polyethylene terephthalate (PET) copolymerized with




10 noisture and optionally tenperature), hydr i -~ uLur to an
extent sufficient to allow m crobial degradati WAGEMHES&;H r|t pol ymer

fragnents. Typi cal ly, a basic pH nodifyipng wnpounc’l S sad to
accel erate the hydrolysis of a polyester polyufe g?@%ﬁ?arb nate, or
pol yam no-acid. An acidic pH nodifying conpoun rably ed to

accel erate the hydrolysis of a poly(ortho-este
hydrol ysis of a pol yester, cellul oseyester, or! pol yam de, eit her_ a basi c or
aci di ¢ pH nodi fyi ng conpound can be used. Aci ds>may;—tOWEVET |~ be

ransier @@9‘5%82%%9*% R fiRidchmang écad AHBFRABREL PR Delidiant 1 ooyl e
Gui de t oWRe3HPROYB poblishad Eﬁbﬂwnlp Yﬂj’ -J@ssﬂpégg hmgqegrpdﬁbie.m 27,
i ncor por mnhe?powntexs reohwirisedeof iﬂuxﬁatiwpbl?esmmchfﬁ PEfTest iPBT
oo A e TR MR LR I
general | WWEB’PEV‘F eficidy BSMaé*‘Eaﬁclg pRohEaPiaa ﬂ@"%'orﬂﬂi reXYbURSsi i ons
wh: ch a:‘j polyhyd:@vayrhyaatelulergtea polybeeﬂme omthwd(r)pety?ﬂ’tyhér{e aadipate, ?hus of
g\c/)e?/:m 58?"83‘ !en B:‘ion Y %\ﬁ}?ﬁ epen é}wsgﬁ‘o? g’gf’/e%qs
hydr ol ys@“‘ﬁ“ﬂ § S&eﬁ%-o celals. ppr weials.y | Ctk,‘oﬁf)oq}ﬁle W@eﬁﬁ?ﬁ)ﬁ of
hydr ol yz didorptratets herein bpeefecénoeer, and the hyd_rol ysi s cond| tions (noisture
o oo OB el A0 O bl S BB
Tg), crydd e&!"?&rfa e, afGF“”ﬂ ﬁﬂ@ﬁfﬁ:?ﬂa hatig mﬁm‘?ﬁ@rsu as Rxalatesadi |y the
pltzllr 3r/m mdalr f whalonates))slicoinates]. g !Eitanatesf adumu,vmmelat_ea._ceugemtesorazeiates havi ng a
e o vel RS M A0oR, Bt B BR YA Syt

ay oontam PETorP

Cellulose esters represent another type of polymer suitable for use in

the present invention. Such esters are described in Modem _Plastics
Encyclopedia, p.p. 23-24 (McGraw Hill, 1990), incorporated herein by
reference. The cellulose esters useful in the present invention can be
prepared using techniques known in the art or are commercially available, e.g.,
from the Eastman Chemical Company, inc., Kingsport, TN, USA. The
cellulose esters which are particularly useful in the present invention have
degrees of substitution (DS) in the range of from about 1.6 to about 3.0.
Preferred celiulose esters include celiulose acetate (CA), cellulose propionate
(CP), cellulose butyrate (CB), cellulose acetate propionate (CAP), cellulose
acetate butyrate (CAB), cellulose propionate butyrate (CPB), and the like.
More preferably, the cellulose ester is CAP or CAB, and is most preferably
CAP. These celiulose esters are described in U.S. Patent Nos. 1,698,049,
1,683,347; 1,880,808; 1,880,560; 1,084,147, 2,128 052 and 3,617,201; each
being incorporated herein by reference.

Polyester polyurethanes suitable for use herein inciude, for example,
biodegradable polyurethanes prepared from low molecular weight aliphatic
polyesters derived from epsilon-caprolactone or the reaction products of a diol-
dicarboxylic acld condensation. For example, biodegradable polyester
urethanes derived from polyethyleneglycol adipate, poly (1,3-propanediol
adipate) and poly {1,4-butanediol adipate) are disclosed in “The Prospects for
Biodegradabie Plastics", F. Rodriguez (Chem Tech, July - 1871), incorporated

herein by reference. Exemplary aliphatic polyester urethanes are available
from Morton intemational, inc. under the tradename MORTHANE.
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Polyamino acids for use in the present invention include, for example,
bacteria-derived poly(y-glutamic acid) and polyaspartic acid. Polyaspartic acid
may be particularly useful as a replacement for polyacrylic acid as an
absorbent or a dispersant. Polyaspartic acid is described in ndustrial
Bioprocessing, L. Kashan, (May 1982): 1-2, incorporated herein by reference.

The polymer composition further comprises a substantially water-
insoluble, pH-modifying compound. By “pH-modifying" is meant the ability of
the compound to change the pH of an aqueous environment when the
compound is placed in or dissolved in that environment. The pH-modifying
compound is capable of accelerating the hydrolysis of the hydrolyzable bonds
in the polymer upon exposure of the polymer composition to moisture and
optionally heat. By "substantially water-insoluble” it is meant that the
compound has a solubility product or room temperature solubility as described
herein. Suitable substantially water-insoluble pH-modifying compounds include
substantially water-insoluble acids and bases. Inorganic and organic acids or
bases may be used.

Suitable basic compounds have a 25°C solubility product constant in
water of from about 1X10 to 1 X10-13, The solubility product constant is
defined, along with the constants for various compounds, in CRC Handbook of

Chemistry and Physics, 73rd Ed., CRC Press, p.8-43, incorporated herein by
reference.

Suitable inorganic bases include, for example, alkaline earth metal saits,
alkaline earth metal oxides, alkali metal saits of organic acids, and basic
mono-, di-, and tri- phosphates. Suitable organic bases include, for example,
the conjugate bases of organic acids such as the organic, acidic pH-modifying
compounds described herein. Exemplary bases include calcium oxide, calcium
hydroxide, magnesium oxide, magnesium hydroxide, basic mono-, di-, and tri-
phosphates, potassium and sodium stearate, and calcium tartrate. The basic
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readi | y avmotifier «ill be used at a level of from about 1 to about 15 percent based on
' the weight of the polymer containing hydrolyzable bonds. Hydrolytic activity
tends to increase with increasing levels of the pH-modifying compound.
Any combination of an acidic compound and a polymer having acid-
hydrolyzable bonds, or a basic compound with a polymer having base-
hydrolyzable bonds may be used. However, the combination should provide
both sufficient stablility of the polymer in storage and in the intended
application, and an improved rate of biodegradability under disposal conditions
such as in a tandfill or in a composter. Thus, the particular blend is preferably
chosen such that the polymer composition does not prematurely decompose
while in its intended use, for example, when in contact with bodily fiuids. The
particular selection should also provide an increased rate of biodegradability
refative to the unmodified polymer. In general, the components should be
selected such that hydrolysis does not occur to a significant extent under the
normal storage and use conditions of the composition. These conditions may
range, for example, between the extremes of hot and arid, hot and humid,
exposure to urine for extended times (e.g., greater than 16 hours), and the
exiremes of cold and arid or cold and humid. In general, hydrolysis of the
polymer composition under normal storage and use conditions should not
occur in less than about 1 day, preferably less than about 1 week. Upon later
exposure to more extreme hydrolysis conditions, e.g., as may be encountered
in a municipal solid waste composting process (typically relatively high
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bi odegr adH8ed.i tACIES maye howeyrs be metabolized by microbes which develop in a
composter during the initial transient acidic phase of the compost process, as
described in The Biocycle Guide to the Art and Science of Composting, JG
Press, 1891, p.p. 14-27, incorporated herein by reference. This would reduce
the effective concentration of acid and hence may reduce the extent of
hydrolysis. Therefore, in order to enhance biodegradability in a composter, it is
generally preferred to use a basic pH-modifying compound in compositions
which are based primarily on a polyester, cellulose ester, and/or a polyamide.
The rate and extent of the hydrolytic step (and thus of overall
biodegradation) typically depends on the ease of polymer hydrolysis, the
strength of the pH-modifying compound, the number of hydrolyzable bonds in
the polymer, and the hydrolysis conditions (moisture and optionally heat). The
ease of hydrolysis will often vary between polymers. Generally, the lower the
glass transition temperature (i.e., Tg), crystallinity, or hydrophobicit_y of the
polymer, the more readily the polymer will be hydrolyzed. Thus, for a given
concentration of a pH-modifying compound and set of hydrolysis conditions,
polymers having a relatively low Tg, low crystallinity, and/or low hydrophobicity
will typically have a greater rate and extent of hydrolysis than polymers having
a relatively high Tg, crystallinity, and/or hydrophobicity. In general, the greater
the strength of the pH-modifying compound, the greater the rate and extent of
hydrolytic degradation for a given polymer, set of hydrolysis conditions, and
concentration of pH-modifying compound. Similarly, for a given set of
hydrolysis conditions and concentration of a pH-modifying compound, the
greater the number of hydrolyzable bonds in the polymer, the greater the rate
and extent of hydrolysis.
Hydrolysis conditions include moisture and, optionally, heat. For
example, commercial composters typically have a moisture content of at least
about 35 weight% (typically about 50 weight%) and temperatures in the range
of about 25°C to about 70°C (typically in excess of about 40°C) in the compost.
Without intending to be bound by theory, it is believed that for a given polymer
and concentration of a pH-modifying compound, the rate and extent of




conposition, their inclusion in conposition

products is not preferred. Wthout intendi ngﬁﬁ&@EMﬁﬂﬁdSBgﬁ
al so believed that heat stabilizers and pri gagry—and’ror—secohd

antioxidants may interfere with the biodegrddati p
conposition, particularly if they are added I 1 ggéﬁg&ﬁlﬂ

Wt hout intending to be bound by theor¥ | 4 d
ef fect of such polyners, stabilizers, jand/cr anti oxi dants onj

bi odegradability may be at |east partially offset—by the” pH nodi fy| ng
conpound. Ggdotypienwill  incleaser edtbntan rinerebisen imaynaistars din M@ ag@ymbE | M

I’OCGSSI n vi ousl
S i Koot bl il B
havi ng enh | 18 | ARt ystEndendss db t ant
poIt yme [ coliperease owith can iveeqse dre dempetature;t ot hke!th:thaS? aﬁ&e&é@\mt Ihn t he
ar into v | 0 er

Tl deq ort EmpeRai®l 18 of ifest 9@3?‘%@ trelisffond HefPefliud) W de o

%
will often $ug ﬁgﬁnggycﬁ"%@ ymer sition

Stilm Filns may be prepared by any
convent i onal metTypicaliyy qﬁgmmantngumbmmegmdaﬁomwﬁﬂgm!w W%bhOQN film

Ki d t
il 'n-f;‘guif"d E‘ma ‘%’“{i soTTRECe MABRUEE frolgtf Wit I SR flyiogascy LT
described i@ NEYIAHS My éﬂ!mﬁﬂ%@f uselhe ratg andresentfi f f
(Van Nostﬁmnmmebiahdledradaham@ep igeneraltyr demhdueoal hebaveragea hRsRgarand in

93/ 00399, wﬁ%"““"*“‘fé‘ﬁ“ﬁ e L R St
parti cul ar | §yqrolysi§ oppumin E%P% ﬁ?%s (\iﬁ\B@‘haﬁ Hplaguias welght y i s
typi cal | y déragmedts Ebmaepalymee resumngefrdmIhydrmiysmhme)moxemusmg@smei on are
usef ul ?fn-(é AT %r@ft,fod hiaesek! % BA8 OtRE" bicteradaiion. 24ybicy, Y™
:eve bqueg?'a ﬁty in aqocoré‘ance with the present invention,
the average moleoular weight of the polymer chain between hydrolyzable
bonds is less than about 1000 grams per mole, preferably iess than about 500
grams per mole. Without intendihg to be bound by theory, it is believed that
the rate and extent of microblal degradation for these polymers will increase
with the rate and extent of hydrolysis. In addition, without interiding to be
bound by theory, it is expected that for a given degree of hydwolysis of these
polymers, the rate and extent of microbial degradation increases as the
average molecular weight between hydrolyzable bonds decreases.
The pH-modifying compound may be incorporated into the polymer by
any known method of incorporating particulate materials into polymer materials.
Such methods are well-known to those skilled in the art and include solution
slurries, pre-compounding, and co-extrusion. The resultant compositions are
typically dried soon after compounding in order to prevent or minimize any
premature hydrolysis. In addition, the composition is preferably dried after any
subsequent steps in which significant moisture contamination may occur.
Drying conditions are dependent on polymer fype and are readily available
from the base resin manufacturer. Typically, drying is performed by subjecting
the polymer or polymer composition to elevated temperatures (e.g., about 40°C
- 80°C) for a period of about 4-12 hours under vacuum or under low moisture
air (dew point below about O°F (18°C)). Drying temperatures are preferably
selected to avoid softening and subsequent coalescance of resin particies.
The polymer compositions may optionally contain other components
conventionally used in plastics compounding, including pigments and
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that is worn about the onver torso of the wearer. It should be understood,
however, that tHee compositions may also contain polymers other than a polymer

containing hydrolyzable bonds, e.g., polyolefins. However, since such
polymers will generally decrease the biodegradability of the polymer
composition, their inclusion in compositions intended for use in disposable
products is not preferred. Without intending to be bound by theory, it is also
believed that heat stabilizers and primary and/or secondary antioxidants may
interfere with the biodegradation of the polymer composition, particularly if they
are added in relatively high levels. Without intending to be bound by theory, it
is believed that any negative effect of such polymers, stabilizers, -andfor
antioxidants on biodegradability may be at least partially offset by the pH-
modifying compound. Consequently, the present invention may provide
broader film processing latitude (e.g., higher process temperatures) than was
previously achievable in unmodified polymers, while stil providing
compositions having enhanced biodegradability.
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Applications:

The resultant polymer compositions can be processed by methods such
as are known in the art into various forms, e.g., coatings, free films or sheets,
or other molded articles. For use in disposable products, the polymer
composition will often be formed into a free film. Films may be prepared by any
conventional method for producing polymer films using any conventional film
making equipment. The polymer compositions are typically melt processed into
films using either cast or blown film extrusion methods, both of which are
described in “Plastics Extrusion Technology - 2nd. Ed.", Allan A. Griff (Van
Nostrand Reinhold - 1976); incorporated herein by reference; and in the above
referenced and incorporated international Publication No. WO 93/00389.

The polymer composition of the present invention is particularly useful in
those applications in which biodegradability is typically desired. For example,
the films of the polymer composition are useful as components of disposable
absorbent articles, agricultural muich films, packaging films, garbage bags, and
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absorbent articles whtch are formed of separate parts united together to form a
coordinated entity so that they do not require separate manipulative parts like a
separate holder and liner. As used herein, the term “diaper” refers to an
absorbent article generally wom by infants and incontinent persons that is worn
about the lower torso of the wearer, (t should be understood, however, that the
present invention is also applicable to other absorbent articles such as
incontinent briefs, incontinent undergarments, diaper holders and finers
feminine hygiene garments, sanitary napkins, pantiliners, and the fike.

Disposable diapers typically comprise a liquid pervious topsheet; a liquid
impervious backsheet joined with the topsheet, an absorbent core positioned
between the topsheet and the backsheet, and a fastening system. in addition,
these diapers-may comprise various elastic components such as elasticized
side panels, elasticized leg cuffs, or an elastic waist feature. The diaper of the
present invention may be assembled in a variety of well known configurations.
Preferred diaper configurations are described generally in U.S. Patent
3,860,003, issued to Buell on January 14, 1975; and U.S. Patent 5,162,082,
issued to Buell, et al. on September 29, 1892; each of which is Incorporated
herein by reference. Alternatively preferred configurations for disposable
diapers herein are also disclosed in U.S. Patent 4,808,178, issued to Aziz, et
al. on February 28, 1889; U.8. Patent 4,695,278, issued to Lawson on
September 22, 1887, and U. 8. Patent 4,816,025, issued to Foreman on March
28, 1988, These patents are incorporated herein by reference.

U.S. Patent No. 5,152,082 describes in detail various components which
may be present in the diaper of the present invention. In order to enhance the
biodegradability of the diaper, the diaper has at least one component
containing the polymer composition of the present invention. The composition
can be incorporated in any form, including film, particulate (including fiber), or

Us._gl astic_conpongnts such as
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n jof the presenti itnventi on.
Preferably, the backsheet conprises a filn1of1ﬁ$épgdﬁéﬁer gonposition. The
pol ymer conposition may al so be incorporated._into. the topsheet, for
exanple, in the formof an apertured filn or a woven or nonwoven web of
fibers which conprise the polyner conpé®si %

ddit+e, the fastening
system e.g., tape tabs, may conprise the polynmer conposition. The
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enhanced herfastening systom, Bigy tapsr Bbsamayeanpniseetheopolymien goopositiopt i on i s
directed tvhé @aBsorbent core can also contain the polymer composition. A composition

having polyaspartic acid as a base polymer may be particularly suitable for use

in the absorbent core. Stretchable components, e.g., elasticized leg cuffs, an

elastic waistband, and elastic side panels can contain the polymer composition.

For stretch applications, the polymer composition preferably comprises an

elastomeric, aliphatic polyester based polyurethane.

The polymer compositions of the invention have enhanced
biodegradability, and generally enhanced compostability, relative to the
unmodified (i.e., “base") polymer. Thus, products incorporating the polymer
composition and absorbent articles comprising such compositions andlor
products also have enhanced biodegradabilily, and generally enhanced
compostability. Therefore, although the following description is directed to the
polymer compasition, it should be clear that it applies in a similar manner to
such products and absorbent articles.

As used herein, “biodegradable,” "biodegradability,” and the like means
the capability of undergoing natural processes in which a material is broken
down by metabolic processes of living organisms, principally fungi and
bacteria. In the presence of oxygen (aerobic biodegradation), these metabolic
processes yield carbon dioxide, water, biomass, and minerals. Under
anaerobic conditions (anaercbic biodegradation), methane may additionally be
produced.

By "enhanced biodegradability* i is meant that the rate of
biodegradation is increased relative to the unmodified polymer. Enhancement
may also include an increased extent of biodegradation, which in turn refers to
the degree to which the polymer or product is broken down by the living
organisms. The extent of biodegradation refers to the degree to which the
material is converted to carbon dioxide, water, biomass, and minerals (under
aerobic conditions), and optionally also methane {under anaerobic conditions).

"Fully biodegradable"” materials are converted completely to carbon dioxide,

| so i nclude
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5o et hands dLARTOUR E0Bpsating hibkearmfion Test. Fipl fesfi ate parapbethe
materi al s arfactibalduring theoagrobicdiodegradation of diganiciaaterials, carbon dioxide
15 is the primary carbon-containing decomposition product which is generated.
The cumulative CO2 production can be determined by monitoring and
integrating the evolved CO5 in the exhaust stream from a test reactor. The
percentage biodegradation can then be calculated as the percentage of carbon
in the test material (determined by standard physico-chemical methods) which
is converted to CO2. The Sturm test employs an inoculum derived from the
supernatant of a settled, activated sludge from a waste water treatment facility.
The inoculum in the OWS test consists of a mature, stabilized fraction of
municipal solid waste. Details of these techniques are found in "Ready
Biodegradation: Modified Sturm Test;" OECD Method #301B; and in “Standard
Test Method for Determining Aerobic Biodegradation of Plastic Materials under
Controlied Composting Conditions,” ASTM Method #D5338-82; each test
method being incorporated herein by reference.
A material may be biodegradable without being compostable.
“"Compostability," “compostable,* and the like means the ability of a material to
undergo physical, chemical, thermal, and/or biological degradation in a
municipal solid waste (hereinafter “MSW") composting facility such that the
material will break down into, or otherwise become part of, usable finished
compost. To be considered compostable, a material must also ultimately fully
biodegrade in the environment in a manner similar to paper and yard waste.
Municipal solid waste (MSW) composting processes generally involve
three sequential phases: waste preparation, active composting, and curing.
During the waste preparation phase, raw MSW is first sorted to remove
recyclabies and known non-compostable materials. The sorted materials are
then reduced in physical size, generally via a grinder or rotating drum such as
are known in the composting art. The goal is to obtain a consistent physical
size, typically particles of about 2" diameter, which will maximize surface area
for microbial attack and allow effective air management during the subsequent
active composting phase. Following size reduction, materials are usually
screened through a 1.5" - 2" screen. In order to be compostable by this
process, a material must be capable of being reduced in size such that it
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and expose new surfaces for microbial attack, and is force-aerated to supply

oxygen and to control temperature. The waste serves as physical support as

well as a source of organic and inorganic nutrients for indigenous microbes.

The major form of metabolism is aerobic respiration. One of the metabolic by-

products, heat, tends to be retain%d within the matrix, causing self-heating.

Temperatures commonly reach 70 C or higher. At the beginning of active

composting, the pH is typically acidic but can increase to as high as 8.5 by the

completion of this portion of the process. Further degradation, both chemical

and biological, takes place during this phase and typically results in further size

reduction. After several weeks of active composting (typically 5-7 weeks), the

mass is screened through the final size barrier, a 3/8" - 1/2" screen. In order to

be compostable by this process, the material must be capabie of being made to

pass through this screen. Rejects (>3/8" - 1/2") from this separation step are

typically landfilled.

The final phase, curing, requires the least intervention. Although many
complex organic materials, including biodegradable synthetic polymers,
continue to degrade after curing, this phase marks the final step of the
managed composting process prior to utilization. In this phase, static piles of
the actively composted material sit undisturbed for a period of several weeks to
a few months. During this phase, mesophilic microorganisms as well as

microfauna colonize the compost. As organic substrate availability decreases,
microbial activity decreases and seif-heating subsides.

in order to be
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The following example iliustrates the practice of the present invention
but is not intended to be limiting thereof.

EXAMPLE

A polymer composition which is a 95%/5% by weight blend of (a) a
polyester polymer such as described in U.S. Patent 5,171,308 or international
Publication No. WO 92/09654 and (b) calcium hydroxide as the pH-modifying
compound may be prepared as follows:

The polyester polymer is dried in a vacuum oven so as to minimize
molecular weight loss of the polyester due to hydrolysis in the elevated
temperature of the extruder. Sufficient drying depends on the specific
polyester involved, as would be understood by the skilied artisan. Typically
sufficient drying is achieved after 4 hours at 140°F (60°C). In 200 gram
batches, 190 grams of the dried polyester and 10 grams of Ca{OH)2 are meit
compounded in a Rheomix TW-100 twin screw extruder (available from Haake)
equipped with conical barrels, two partially intermeshing counter-rotating
screws and a horizontal rod die having a 0.125 inch (0.3175 cm) diameter
nozzie. The temperature of the extruder is varied from 284°F (140°C) in the
first heating zone, to 302°F (150°C) in the second zone, and to 320°F (160°C)
at the discharge end near the die. The die is maintained at 266°F (130°C).
The screw speed is held constant at 30 rpm.  The resuitant, extruded molten
strand is then cooled and solidified in a water bath prior to entering a Berlyn
Model PEL-2 pelletizer (availabie from the Berlyn Co.) where it is chopped into
pellets approximately 0.125 inches (0.3175 cm) long. Successive 200 gram
batches are melt compounded until a total of about 1600 grams of pellets is
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of several days, typically 3 days. During the process, free noisture is
avail able (at |east about 35% ww, typically 50%ww, an acidic

envi ronnment devel ops (pH 4.5-5.5), and the tenperature increases (typically
to fromabout 40[err]C to about 50[err]C). Hydrolytically unstable
materials often degrade in this environnment such that their physical
integrity is conprom sed and they pass tHe 1.5"-2" barrier. In the
active conposting phase, the size-reduced materials fromthe waste
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curing, requife ast er conplex organic
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degrade after curing, this phase marks the final step of the managed

conposting processuRfieOpaftRullr' bhb8kinfhts '&F tHE SorBESRE invehbh chale Boeh’
illustrated and described, it would be obvious to those skilled in the art that
various other changes and modifications can be made without departing from
the spirit and scope of the invention. I is therefore intended to cover in the
appended claims all such changes and modifications that are within the scope
of this invention. -
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conpostabl e by this process, the material nust for i a\ﬁm‘ﬂm\t of the
usabl e finished conpost and ultimatelyygonpletely [ﬂgﬂmml [ K
environnent in a manner and at a rate consistent with rmteri 8l s®such as
paper and yavhhtiecihited is: "Enhanced conpostability” nmeans either

rendering a previously non- conpostable material conpostable as defined
herein, or decreasing the tinme required to conpost an already conpostable
mat eri al . Edhanc&wpelymet comaposition: havingi enhansed biedegratsbility, eomptsingta blend of t he
present inventiorppcan be determned by a direct conparison of the

conposti ng procezﬁes for different .na
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be limting thereof. from the group consisting of polyesters, cellulose esters, polyester
polyurethanes, polyamides, polycarbonates, polyamino-acids, and
mixtures thereof, more preferably a polyester; and

(i)  a substantially water-insoluble, pH-modifying basic compound, said

compound being capable of accelerating the hydrolysis of said base-
hydrolyzable bonds, preferably having a 25°C solubility product
constant in water of from about 1 X 10-6 to about 1 X 10-13, more.
preferably selected from the group consisting of alkaline earth metal
salts, alkaline earth metal oxides, alkali metal salts of organic acids,
basic mono-, di-, and tri- phosphates, conjugate bases of organic
acids, and mixtures thereof, most preferably selected from the group
consisting of calcium oxide, calcium hydroxide, magnesium oxide,
magnesium hydroxide, basic mono-, di-, and tri- phosphates, the
conjugate bases of organic acids, and mixtures thereof.

A film comprising the polymer composition of Claim 1.

3. A method of enhancing the biodegradability of a polymer containing base-
hydrolyzable bonds, comprising the step of adding a substantially water-
insoluble, pH-modifying basic compound to the polymer, the compound being
capable of accelerating the hydrolysis of said base-hydrolyzable bonds, more
preferably selected from the group consisting of alkaline earth metal salts,
alkaline earth metal oxides, alkali metal salts of organic acids, basic mono-,
di~, and tri- phosphates, conjugate bases of organic acids, and mixtures
thereof, most preferably selected from the group consisting of calcium oxide,
calcium hydroxide, magnesium oxide, magnesium hydroxide, basic mono-, di-
, and tri- phosphates, the conjugate bases of organic acids, and mixtures
thereof, and the polymer preferably being selected from the group consisting
of polyesters, cellulose esters, polyester polyurethanes, polyamides,
polycarbonates, polyamino-acids, and mixtures thereof, more preferably a

polyester. B ‘
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metal salts of organic acids, basic mono-, di-, and tri- phosphates, conjugate -
bases of organic acids, and mixtures thereof, more brcfcrably selected from
the group consisting of calcium oxide, calcium hydroxide, magnesium oxide,
magnesium hydroxide, basic mono-, di-, and tri- phosphates, the conjugate
bases of orgatiic acids, and mixtures thereof.

The absorbent article of Claim 5 wherein said polymer is selected from the
group consisting of polyesters, cellulose esters, polyester polyurethanes,

polyamides, polycarbonates, polyamino-acids, and mixtures thereof]
preferably a polyester.

The absorbent article of Claim 4 wherein said pH-modifying compound is an
acidic compound having a room temperature solubility in water of less than
10g/l, prefersbly selected from the group consisting of aliphatic acids,
aromatic acids, acid phosphates, and mixtures thereof, more preferably

selected from the group consisting of citric acid, adipic acid, phthalic acid,
acid phosphates, and mixtures thereof.

The absorbent article of Claim 7 wherein said polymer is selected from the
group consisting of polyesters, cellulose esters, polyamides, poly{ortho-
esters), and mixtures thereof, preferably a polyester.

The absorbent article of Claim 4 wherein the absorbent article comprises: (a)
2 liquid pervious topsheet; (b) a liquid impervious backsheet joined with said
topsheet, said backsheet comprising said polymer composition; and (¢) an
absorbent core positioned between said topsheet and said backsheet.

10.  The absorbent article of Claim 9 wherein the article is a diaper.
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18 obtained. The cooled pellets are dried as descri bed above in order to
mnimze premature hydrolysis of the polyneric conposition. A filmof
t he pol yner conposition is prepared as follows. A cast filmis produced
fromthe pellets using a Rheom x Mddel 202 0.75 inch (1.905 cm dianeter
singl e screw extruder (avail able from Haake) equipped wwth a 6 inch (15.24
cm) w de horizontal sheet die utilizing a 0.04 inch (0.1016 cm) die gap. A
constant taper screw having a 20:1 lengtih to dianmeter ratio and a 3:1
conpression ratio is typically enployed. The tenperature of the first and
second heating zq t E (188 err and the die is
mai nt ai ned at 34 Errﬁ%%[@%ﬂacﬁ%siﬁéb J&I'ﬁ Nh@‘%vg EDonstant at 30
rpm The resultant nolten film iggom&saHaEe/Piyhe die to a Postex sheet

t ake-of f systemwhich is cooled to roomtenperature and then collected on a
cardboard core. The take-off speed is adjusted to provide a filmabout 4

inches (10.16 cm wi de and 0.002 i naBsgRAGT. 8 m crons) thick. The
resultant polyneric filmw Il have enhanced bi odegradability. Wi | e
particul ar enbodi nents of the present invention have been illustrated and

described, it would be obvious to those skilled in the art that various
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appended dhgicampesitienseomprisgasblend bedl fications that are within the
scope of this{ypventiory polymer containing hydrolyzable bonds; and

(2) a substantially water-insoluble, pH-medifying compound
capable of accelerating the hydrolysis of the hydrolyzable bonds in the
polymer.

The invention also relates to polymer films comprising such
compositions and absorbent articles containing such polymer compositions or
films. The compositions are particularly suitable for use in disposable
absorbent articles such as diapers.
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19 Wiat is clained is: 1. A pol ymer conposition having enfid He &y

bi odegradability, conprising a blend of: (i) a pol ycarbonat e pol yner
cont ai ni ng base- hydrol yzabl e bonds, wherein said polycarbonate is a
pol yester conprising bisphenol -A and aigarboxylic acid or

pol yester conprising hydroqui none and a carboxyllc d: and (||) at

| east about 1% based on the weight of the polycar ﬁﬂﬁﬂ' ntaining
base- hydiWhatzialdambdrigls, of a substantially water-i |fy|ng
basi c conpound having a 25[err]C. solubility product coﬁstﬂnt in

wat er of from about 1x10[err] to about 1x10[err]. 2. A pol yner
conposi tion having enhanced bi odegradability, conprising a blend of:

1. A polymer composition having enhanced biodegradability, comprising a blend of:

()] a polycarbonate polymer containing base-hydrolyzable bonds, wherein said
polycarbonate is a polyester comprising bisphenol-A and a carboxylic acid or a
polyester comprising hydroquinone and a carboxylic acid; and

(ii) at least about 1%, based on the weight of the polycarbonate polymer containing
base-hydrolyzable bonds, of a substantially water-insoluble, pH-modifying basic
compound having a 25°C. solubility product constant in water of from about 1x10°
to about 1x10™,

2. A polymer composition having enhanced biodegradability, comprising a blend of:

(i) a polyamino acid polymer containing base-hydrolyzable bonds, wherein said

polyamino acid is poly (y-glutamic acid) or polyaspartic acid; and

(ii) at least abciut 1%, based on the weight of the polyamino acid polymer containing
base-hydrolyzable, bonds, of a substantially water-insoluble, pH-modifying basic
compound having a 25°C. solubility product constant in water of from about 1x10?®
to about 1x10™%,
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(1) a polyam no acid pol yner containing base-hydrol yzabl e bonds, wherein
sai d polyamno acid is poly ([err]-glutam c acid) or polyaspartic
acid; and (ii) at least about 1% based on the wei ght of the polyam no

aci d pol ymer cont ai ni ng base- hydrol yzabl e, bonds, of a substantially
wat er -i nsol ubl e, pH nodi fying basic conmpound having a 25[err]C
solubility product constant in water of from about 1x10[err] to
about 1x10[err]. 20

pH-MODIFIED POLYMER COMPOSITIONS WITH ENHANCED

BIODEGRADABILITY

ABSTRACT

Polymer compositions having enhanced biodegradability are disclosed.
The compositions comprise a blend of:

(1) a polymer containing hydrolyzable bonds; and
(2) a substantially water-insoluble, pH-modifying compound
- capable of accelerating the hydrolysis of the hydrolyzable bonds in the
polymer.

The invention also relates to polymer films comprising such
compositions and absorbent articles containing such polymer compositions or

films. The compositions are particularly suitable for use in disposable
absorbent articles such as diapers.
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