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DISPOSABLE ABSORBENT ARTICLES 
WITH BIODEGRADABl£ BACKSHEETS 

TECHNICAL FIELD 

PCT/US92/05138 

The present invention relates to disposable absorbent 
articles such as diapers, sanitary napkins, pant111ners, and the 
1 ike, which are especially adapted for absorbing various bodily 
fluids. The articles herein comprise topsheet and/or backsheet 
m~tertals that are designed to enhance their biodegradability. 

BACKGBOUND Of THE INYENTIQN 
A wide variety of absorbent structures designed to be 

efficient for the absorption of body fluids such as blood, urine, 
menses, and the 1 tke, are known. Disposable products of this 

io type generally comprise some sort of fluid-permeable topsheet 
material, an absorbent core, anci a flutd-impermeable backsheet 
material. 

Heretofore, such absorbent structures have been prepared 
using, for example, topsheet 111tertals prepared from woven, 

15 nonwoven, or porous formed-ftlm polyethylene or polypropylene 
materials. Backsheet materials typically comprise flexible 
polyethylene sheets. Absorbent core materials typically camprise 
wood pulp fibers or wood pulp fibers in combination with 
absorbent gelling materials. 

20 One aspect of such sanitary products that has recently been 
considered is their d1sposab111ty. Although such products 
largely comprise materials that wou1$1°".'be expected ultimately to 

. ' ... 

degrade, and although products of this type contribute only a 
very small percentage of the total solid waste materials 

iii1iiif lil~lii ·. 
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generated by consumers each year, nevertheless, there is 
currently a perceived need to devise such disposable products 
from materials that degrade relatively qu1ck1y, thereby lessentng 
their bulk, and also increasing ·the compostability of the 

5 disposable products. 
A conventional disposable absorbent product is already to a 

large extent biodegradable. A typical disposable diaper, for 
example, consists of about SOS biodegradable materials, e.g., 
wood pulp fibers, and tie ltke. Nevertheless, as mentioned above 

10 there is a need for reducing the amount of non-biodegradable 
materials in disposable absorbent arttcl.es. There 1s a 
particular need to replace polyethylene backsheets in absorbent 
articles with liquid impervious films comprised of biodegradable 
materials, because the backsheet is typically the largest 

15 non-biodegradable component of an absorbent article. 

BACKGROUND ART 
Degradable mulch films comprtstng starch, poly (vinyl 

alcohol) and glycerol are disclosed in U.S. Patent 3,949,145, 
20 Otey and Mark, issued April 6, 1976. The degradabtltty of the 

films ts controlled by application of a non-degradable water 
resistant _coating based on mixtures of polyol-toluene 
dHsocyanate prepolymers • with poly(v1ny11dene chloride­
acrylonttrile) copolymers or poly (vinyl chloride) resins mixed 

25 with plasticizers. 
Degradable 111lch ftlms with improved moisture resistance and 

comprising starch and ethylene/acrylic acid copol1111rs are 
~isclosed in U.S. Patent 4,133,784, Otey and Westhoff, issued 
January 9, 1979, and U.S. Patent 4,337,181, Otey and Westhoff, 

30 issued June 29, 1982. The films disclosed in the latter patent 
also include a neutralizing agent such as lllllDnia, which allows 
them to be processed by bla.n film technology with good · 
properties. Polyethylene is specified as an optional component 
in the films. Applications such as garbage bags and various 

35 types of packaging are also contemplated in U.S. Patent 
4,337,181. 
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International Patent Application W090/10671 discloses 
biodegradable articles based on s~arch. In particular, 
destructurized starch and ethylene acrylic. acid copolymer are 
combined to form an interpenetrating network. It has also been 

5 found that an ethylene vinyl alcohol copolymer can be used in 
place of the ethylene acrylic acid copolymer, as will be 
discussed hereinafter. 

The interpenetrated networks of destructurized starch 
described tn the above reference are thermoplastic in nature and 

10 can be processed by both cast film and blown film e-xtruston 
processes into strong, tough films. These films can be employed 
to make biodegradable backsheets for use in disposable absorbent 
articles. However, such films tend to exhibit sensitivity to 
ambient humidity, especially where the starch concentration ts 

15 greater than about SOI by volume of the total film. It has been 
found, for example, that the modulu~ of films comprised only of 
the interpenetrated network of destructurized starch and ethylene 
vinyl alcohol copolymer decreases by about SOI as the relative 
humidity changes from about 20S to about 90I. Although such 

20 sensitivity to humidity is a reversible process, it makes the 
film inconsistent on a day-to-day basts to the degree that 
converting operations and end user performance can be negatively 
affected. 

It has also been found .that films comprised of the 
25 interpenetrated network of destructurized starch are sensitive to 

loss of plasticizers, water, urea, and other low 110lecular W.ight 
components. Loss of these C0111Ponents can occur, for example, 
when an absorbent batt of paper fibers is placed in contact with 
the ftlm. The loss of such components in th.is case is 

30 irreversible, and greatly decreases the strength and toughness of 
the film. The loss of strength and toughness can be great enough 
to cause the film to fail even under the limited stresses applied 
by end users of the absorbent article. 

Furthermore, films made from only the tnterpenetrated 
35 network are highly permeable to water vapor. This ts beneficial 

ilt some applications where breathabtlity 1s desirable tn the 
absorbent article. However, high water-. vapor penaeabtlity may 
not be desirable if the absorbent article ts required to contain 
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large quantities of fluids, such as in the case of a diaper. 
High water permeation can lead to excessive condensation on the 
outside of the diaper leaving it feeling cald and wet to the 
touch. 

In achieving the present invention, it was found that the 
addition of other thennopl astic polymers and copolymers to the 
1nterpenetrated network of destructurized starch and ethylene 
acrylic acid copolymer or ethylene vtnyl alcohol copolymer can . 
substantially reduce the humtdtty sensitivity, the loss of 
properties due to the migration of low molecular weight 
components, and the moisture vapor permeation rate. However, tt 
was also discovered that the addition of conventional 
non-biodegradable polymers (e.g., polyethylene) invariably slows 
down the rate of biodegradatton, and hence the compostabtltty of 
films containing the non-biodegradable polymers. The present 
invention involves the addition of biodegradable aliphatic 
polyesters to the tnterpenetrated network of destructurtzed 
starch to achieve absorbent articles with biodegradable 
backsheets that are not overly sensitive to changes tn ambient 
humidity or contact with absorbent medta, and that have 
sufficiently low water permeation rates to prevent condensation 
on the outside of the backsheet. 

It ts an object of the present invention to provide 
absorbent articles having a 1 iquid impervious backsheet 
comprising a iatxture of biodegradable polymers. It ts a 
particular object of the present invention to provide such 
products wherein the biodegradable polymers are derived from 
combinations of interpenetrated networks of destructurized 
starch, aliphatic polyesters, and optionally, polyolefins. 

It ts also an object of the present invention to provide a 
biodegradable film which 1s suitable for a variety of product 
applications such as agricultural mulch film, heat-sealable 
packaging films. plastic garbage bags, etc. 

SurtJARY OF THE UtYENTlON 

The present invention encompasses disposable absorbent 
. , - - -articles comprising a 1 tquid pervtous topsheet, a 1 iqutd 

Th11111110;1~mnr · 

• 
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impervious backsheet and an absorbent core encased between the 
topsheet and the backsheet, said articles being characterized in 
that said backsheet comprises a flexible biodegradable film 
comprising a mixture of an interpenetrating network of 
destructurized starch with ethylene/acrylic acid copolymers or 
ethylene/vinyl alcohol copolymers, and an aliphatic polyester. 
Optionally, the biodegradable ftlm may further comprise a 
polyolefin material. The biodegradable polymers are combined in 

. . 
various ways to impart spectfic performance properties to the 
backsheet. Examples of such absorbent articles include 
disposable diapers, adult incontinent pads, sanitary napkins and 
pantiliners. The present invention also encompasses 
biodegradable films per se comprised of the above mentioned 
mixture of components. 

DETAILED DESCRIPTION OF THE INYENTIQN 
The films used to prepare the backsheet materials employed 

herein are· derived from blends of two or more polymeric 
components. The components are chosen so as to render the film 
blends biodegradable. In general, the backsheet materials used 
in the present invention comprise blends of an interpenetrated 
network of destructurized starch with ethylene/acrylic acid 
copolymers or ethylene/vinyl alcohol copolyaers and an aliphatic 
polyester. Optional ingredtents that also can be used tn the 
polymer blends of the present inventton include certain 
polyoleftns. Each of these components ts descrtbed tn detail 
below. 
A. Qestructurizecl Starch 

The backsheet materials of the present invention contain a 
first component based on an interpenetrated network of 
destructurtzed starch with an ethylene/acrylic acid copolymer or· 
an ethylene/ vinyl al_cohol copolymer (hereinafter referred to as· 
the destructurized starch component). A detailed description of 
these materials can be found in International Patent Application 
WO 90/10671, Basttolt, et al ••. published September 20, 1990, and 
European Patent Appltcation 0 408 503 ·AZ, Silbiger et al., 
published January 16, 1991, both of tdttch are incorporated by 
reference here;n. The · backsheet materials of the present 
invention preferably- comprise from about lOS to about SOS 
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and, more preferably, from about 151 to 351 by weight of the 
destructurized starch component. 

The destructurized starch component preferably comprises a) 
a phase of destructurized starch in the fon1 of particles each 

5 having an average number diameter lower than 1 aicrometer; b) a 
phase of a copolymer of ethylene and acrylic acid (EAA) or a 
copolymer of ethylene and vinyl alcohol (EVOH); c) a phase 
consisting of an 1nterpenetrated network (IPN) product resulting 
from the 1nteract1on °between starch and the EAA or EVOH 

10 copolymer; and optionally, water in an amount lower than &S, 

preferably lower than 2S by weight with respect to the total 
composition. One preferred material of this kind comprises from 
10 to 90S by weight of a total destructurtzed starch; from ·10 to 
90S by weight of a total EAA copolymer having an acrylic acid 

15 content ranging from 3 to 30S by weight and from O to 6S of 
water, wherein less than 40S and preferably less than 20S by 

weight of the total starch is free and tn the form of particles 
having an average number diameter below 1 aicrometer, vbile the 
remaining starch .is bound io the EAA copol.Y111r to form said JPN 

20 product. 
Another preferred material of this kind COllprises f1"0ID 10 to 

90S by weight of a total destructurtzed starch; from 1 to &OS by 
weight of a total ethylene vinyl alcohol copolymer having a vinyl 
alcohol content ranging from about 50 to about 80 mole S; and 

25 from O to IOI by weight of water, wherein less than 40S and 
preferably less than 20S by weight of the total starch 1s free 
and in the fona of particles having an average number diameter 
below 1 aicrometer, while the remaining starch 1s bound to the 

30 

35 

EVOH copolymer to form said IPN product. 
An example o~ a coaaercially available destructurized starch 

component suitable for use in the present invention is Mater-Bi, 
marketed.by Novamont. 

The destructurtzed starch component may alsq contain other 
ingredients such as plasticizers, humectants, (e.g. urea) and 
other low molecular weight compounds. Typical plasticizers 
in~lude polar organic compounds such as urea, glycerol, glycerol 
monoesters, sorb1to1 , sorbito 1 esters and ethers, and gl yea 1 s 
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such as propylene glycol, mono-, df- and triethylene glycols. 
_For a more detailed description of t~e types of additives that 
may be added to starch, see Handbook of Water-Soluble Gums and 
Resins, Robert L. Davidson, Editor, McGraw Hill Company (1980) 

5 Chapter ZZ, pages 68-69. 
8. Aliphatic polvester 

The backsheet materials of the present invention preferably 
comprise frOll about SOI to about 90S, more preferably from about 
SSS to about SSS, and mast preferably from about 60S to about SOS 

10 of an aliphatic polyester. As used heretn, the term aliphatic 
polyester refers to the family of saturated polyesters which are 
generally acknowledged as biodegradable.· A detailed description 
of the various types of aliphatic polyesters suitable for use in 
the present invention ts provided hereinafter. 

15 Although some types of aliphatic polyesters can be processed 
directly into thin water resistant films, their •1t1ng points 
may be too low to be used alone as backsheets for disposable 
absorbent articles. In other cases, the fil•'s mechanical 

· s~rength may not be sufficient for use as backsheets. In yet 
20 other cases, the crystallization rate of aliphatic polyesters are 

too slow to permit film processing from the melt state. 
Polycaprolactone is an example of a preferred biodegradable 

aliphatic polyester for use in the present invention. It ts 

produced via the ring . opening polymerization of 
25 epstlon-caprolactone, a seven-membered . ring compound. As 

described in Union Carbide Brochure F-60456 entitled •Tone 
Polymers•, the polymerization ts inittated wtth a diol (HO-R-OH, 
where R ts an a1 iphat1c segment) to produce polymers with the 
following structure: 

30 

35 

0 
II 

HO-R-0 [-C-(CH1)1-ln -OH 

.where n is the degree of polymerization. 
Polycaprolactone polymers are available fl"Oll Union Carbide 

Corporation under the tradename TONE 1n a variety. of molecular 
weight grades. For ex~le. TONE polymers P-300 and P-700 have 
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degrees of polymerization of about 95 and 400 respectively, 
corresponding to molecular weights of about 10,000 and 40,000. 
TONE P-767 ts prepared from a special high purity grade of 
caprolactone monomer and has an average molecular weight of about 

5 43,000. TONE P-787 has an even higher average molecular weight 
of about 80,000. 

Polycaprolactone polymers having molecular weights of about 
40,000 and greater can be melt· processed into strong water 
resistant films. Except for their low •lting point of about 

10 &o•c (140•f), these films could function as backsheets for 
absorbent articles. Because of their low melting points, 
backsheets consisting of lOOS polycaprolactone would have 
difficulty withstanding the high temperatures encountered when 
hot glue ts applied to the diaper during the manufacturing 

15 process. In addition, during shipping and/or warehouse storage, 
temperatures of &o•c are often reached. Backsheets consisting of 
lOOS polycaprolactone would be difficult to stabilize in such an 
environment and 11ight d"istort, stick to one another, or even 
melt. 

20 ·In the present invention, polycaprolactone polymers having 
an average molecular weight of 40,000 or more are preferred for 
blending with the· starch interpenetrated network. Especially 
preferred are polycaprolactone polymers having an -~!.~rage 

mlecular weight of about 80,000 grams per mole (e.g., TONE 

25 P-787). 
Other types of aliphatic polyesters ~uitable for use in the 

present invention are derived from the reaction of an aliphatic 
dicarboxyHc acid and a diol. As described in •An overview of 
Plastics Degradabiltty•, by Klemchuk, published in MODERN 

30 PLASTICS (August, 1989) and incorporated herein by reference, 
many ·of these polyesters are biodegradable since they are 
susceptible to enzymattc hydrolysis. Moreover, the acid and 
alcohol fragments of the hydrolysis are also easily assimilated 
by microorganisms. 

35 Such polyesters are prepared via the generalized reaction 
shown below: 
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HO-R1 -OH + HO-C-R1 -C-OH --~) 

DIOL DICARBOXYLIC ACID 

PCT/US92/0S138 

0 0 

H- [-o-a,-oJa,JL] n·OH 

ALIPHATIC POLYESTER 

where R1 is a linear methylene chatn -(CH2-)x wtth 2 S X s 10, R2 

is also a ltnear methylene chain -(CH1-)y with 2 s Y S 10; ~nd n 
is the degree of polymerization. Examples of these types of 
altphattc polyesters include: . 

Polyethylene adtpate where x • 2 and y • 4; 
Poly (1,3 propanediol adtpate) where x •. 3 and y • 4; 
Poly (1,4 butanedtol adipate) where x • 4 and y • 4; 
Polyethylene sebacate where x • 2 and y • 8; 
Poly (1,4 butanediol sebacate) where x • 4 and y • S; 
Poly (1,3 prapanedtol succtnate) where x • 3 and y • 2; 
Poly (1,4 butanediol glutarate) where x • 4 and y • 3. 

Biodegradable polyurethanes can be prepared from low 
molecular weight aliphatic polyesters . derived from 
epsilon-caprolactone or the reaction products of a 
dtol-dicarboxyltc acid condensation. In general, these 
polyesters have molecul~r weights less than 10,000 grams per mole 
and frequently as low as 1000 to 2000 grams per mole. Examples 
of biodegradable polyester urethanes derived from 
polyethyleneglycol adtpate, poly (1,3-propanedtol) adipate and 
poly (1,4-butanediol adtpate) are disclosed in •The Prospects for 
Biodegradable Plastics• by F. Rodriguez (Che.!' Tech, July - 1971) 

incorporated herein by reference. For purposes of the present 
invention. ·biodegradable polyurethanes prepared froa al tphattc 
polyesters are considered to be al iphattc polyesters and are 

30 suitable for use herein. 

poly (alpha-hydroxy alkanoates> 
Another famtly of biodegradable aliphatic polyesters 

includes those derived from alpha-hydroxy carboxyltc actds. Thts 
35 family of poly(alpha-hydroxy alkanoates) includes synthetic 

polymers such as polylactates from lactic acid . and naturally 



W093/00116 PCT/US92/05138 

10 

derived polymers such as polyhydroxybutyrate (PHB) polymers and 
polyhydroxybutyrate-valerate (PHBV) copolymers. Preferred 
examples of polyhydroxybutyrate homopolymer and polyhydroxy 
butyrate valerate copolymers are· described in U.S. Patent 

5 4,393, 167, Holmes et al., issued July 12, 1983 and U.S. Patent 
4,880,592, Martini et al., issued November 14, 1989, both 
references incorporated herein by--reference. PHBY copolymers 
have the generalized structure shown below. 

10 

15 

20 

I I 1 
CH1 I I I 
I I I I 

I 0 CH1 I I 0 CH1 I 
I I I 111 I I 

VI \ ;\ 11\ /CH\ /r 
CHa OI I CH1 0 I 

I_ _I I_ _I 

Hydroxyvalerate (HY) Hydroxybutyrate (HB) 

Such copolymers are comercially avana~le from Imperial 
Chemical Industries under the traden11111 BIOPOL. The BIOPOL 

25 polymrs are produced from the fermentation· of sugar by the 
bacterium Al cal tgenes eutrophus. PHBV polymers are currently 
produced with valerate contents ranging from about 5 to about 24 
mole percent. Increising valerate content decreases the melting 
point, crysta111nity, and stiffness of the polymer. An overview 

30 of BIOPOL technology 1s provided in BUSINESS 200o+, (Winter, 
1990), incorporated herein by reference. 

Unfortunately, PHBV copolymers are difficult to process 
directly into films· because of their slow crystallization rate. 
However, it is ~own that they blend we 11 with same synthet tc 

35 homopolymers contatntng polar groups such as polyvtnylchlortde 
and polycarbonate and that the blends can be processed into 
useful films. Jn achieving the current invention, it was 
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surprisingly found that PHBY polymers could also be blended with 
the starch interpenetrated network and extruded into 
biodegradable films. PHBY copolymers containing from about 10 to 
about 24 mole percent valerate are preferred because their 

5 melting points are low enough to permit 11elt processing of the 
blends below the thermal degradation point of the starch 
component which is about l&o•c. 

Still another ~ype of aliphatic polyester suitable for use 
in the present invention are those derived from the oxidation 

10 reaction of ethylene-carbon monoxide copolymers with peroxyacid 
oxidizing agents. Preferred examp1es of these uterials are 
described in U.S. Patent No. 4,929,711, Chang et al., issued May 
29, 1990 and U.S. Patent No. 4,957 ,997, Chang et al., issued 
September 18, ·1990, incorporated herein by reference. 

15 C. pplyolef1ns 
Additi~nal components based on polyolefins and polyoleftn 

copolymers may also be included in the film blends that comprise 
the backsheet of the current invention. Preferred examples of 
polyolef1ns for use herein include polyethylene, polypropylene, 

20 ethylene/propylene copolymers, ethylene/vinyl acetate copolymers, 
ethylene/acrylic acid copolymers, ethylene/methacry11c acid 
copolymers, ethylene/acrylic ester copolymers, ethylene/carbon 
1110noxtde copolymers, and ethylene/vinyl alcohol copol.vmers. 
Other examples of suitable polyolefins include poly styrene, poly 

25 (vinyl acetate), poly (I-butene), poly (2-butene), poly 
(1-pentene), poly (2-pentene), poly (3-•thyl-1-pentene), poly 
(4-methyl-1-pentene), 1,2·poly-1,3·butadiene, 
1,4-poly-1,3-butadtene, polyisoprene, polychloroprene, and the 
like. The backsheets of the present invention may contain from 

30 IS to about 40S by weight of these polyolefins, and more 
preferably from lS to about 33S by weight of the polyolefin 
materials. 

Optional Comppnents 
. 35 Jn addition to the above-mentioned components, the backsheet 

__ ___ __ _ _________ films of the present invention may contain other components as 
1ay be, or later become, known in the art, including, but not 
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limited to, ant1blocking agents, antistatic agents, slip agents, 
pro-heat stab11tzers, antioxidants, pro-oxidant additives, 
pigments, plasti~izers, etc. 

Antiblocking agents act to prevent film layers from sticking 
s to one another when wound into a roll or when disposable articles 

are packaged in contact with one another. Typical antiblocking 
substances include concentrates of silica or talc blended with a 
polymeric materials such as polyethylene or polycaprolactone. 
Reduction of blocking ib the ftlms of the present invention can 

10 also be obtained by loading the film surface with small particles 
or powders such as chalk, clay, silica, starch, and similar 
materials. Powdered polymeric materials (e.g. 
polytetrafluoroethylene) can also be used to reduce block1ng when 
applied to the surface of films of the present invention. Such 

15 film surface treatments can be used to reduce blocking alone or 
tn combination with other anttblock methods. The quantity of 
powder anti b 1 ock substance cannon ly added to the surf ace of a 
film, when used, is from about 0.5 g/mZ to about 5 g/m•. 

20 Antistatic agents 1111y be incorporated in films of the 
present invention; examples of such agents include ethoxylated 
amines and quarternary aaine salts having organic constituents of 
abut 12-18 carbon atoms in length. Agents of this type slowly 
defuse to the surface of the film and, because of their tonic 

25 character, form an electrically conductive layer on the surface 
of the ftlm. Anttstattc agents COlllllOnly constitute from about 11 

to about SS of the weight of the f 11.S, when used. 

Slip agents may be 1ncorporated into the films of the 
30 present invention to reduce drag over rollers and other forming 

equipment. Examples of such agents are those comonly derived 
from amides of fatty acids having· about 12-22 carbon atoms. Such 
agents may augment the antiblocking properties of the films of 
the present invention. Such slip agents are coaaonly 

35 incorporated tn films from about O.OSS to about 31 of the weight 

of the films when used. 
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In order to minimize degradation of the backsheet films of 
the· present invention during processing by extrusion or other 
techniques, heat stabilizers and antioxidants can be added to the 
polymer formulations. However, these types of additives may 

5 interfere with the biodegradatton and compostability of the films 
if they are added at too high a level. Consequently, although 
many types of heat stabilizers, --primary antioxidants, and· 
secondary antioxidants are available, preferably no additional 
stabilizers are added to the blends of starch tnterpenetrated 

10 networks with aliphatic polyesters used in the backsheets of the 
present invention. 

In cases where an optional polyolefin constituent is 
included in the backsheets of the current invention a pro-oxidant 
system may also be included to enhance the degradatton of the 

15 polyolefin. Pro-oxidant systems are designed to reduce the 
molecular weights of polyoleftns to a value of less than about 
1000 whereupon the short oltgameric segments which remain can be 
further btodegraded by mtcro-organiSllS. 

Pro-oxidant systems generally consist of multiple components 
20 including an antioxidant, which ts active over a relatively short 

time period, and a latent pro-oxidant such as an organic salt of 
a transition metal. Other rapidly degrading additives such as 
chemically unsaturated polJ119rs or copolymers or filler particles· 
derived from natural products such as starches, proteins, 

25 cellulose, and sugars can also be included with the pro-oxidant 
syst•. 

For example, U.S. Patent 4,983,651, Griffin, issued January 
8, 1991, incorporated herein by reference, disclose degradable 
plastic compositions based on polyolefins blended with an 

30 antioxidant, starch, a styrene butadiene copolymer, and a 
transition metal organic salt. The transition metal is selected 
from the group Ca, Zn, Cu, Ag, Ni, Co, Fe, Mn, Cr, and V; and the 
organic salt is selected from the group consisting of stearates, 
oleates, behemates, "1f'istates, erucates, linoleates, 

35 napthenates, acetonyl acetonates, hydroxyqu1noltnates, and 
metalamine salt complexes. The transition 111tal salt complexes 
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are used in quantities whtch will provide from about 0.0011 to 
about l.OS by weight of the metal in the composition. 

The use of antioxidants togethe~ with transition metal salts 
as additives in polyolefins is also disclosed in British Patent 

5 GB 1,434,641 issued to Huels on May 5, 1976, and incorporated 
herein by reference. Polyolefin compositions are disclosed 

comprising 0.01-1.os antioxidant, 0.02-1.0I of an organic copper 
salt, and 0.1-0.zs of an organic manganese, cobalt, or iron salt 
where the organic group is selected from the group oleates, 

10 palmitates, and stearates. 
In a preferred embodiment of the present invention, the 

weight ratio of the aliphatic polyester to the destructurized 
starch component is at least 1:1. ·Thus, for biodegradable films 
comprising a binary mixture of the alfphatfc polyester and 

15 destructurized starch component, the fflms will contain at least 
SOI by ~eight of the aliphatic polyester, more preferably from 
about SSS to about ass, and most preferably from about 60I to 
about SOS. Preferably, the films will also contain from about 
lOS to about SOI and, more preferably, from_. about lSS to about 

20 351 of the destructurtzed starch component. 
The films used as biodegradable backsheets in the absorbent 

articles of the present invention may be processed using 
conventional procedures for producing films of blended polymers 
on conventional film making equipment. Pellets of the above 

25 descrtbed components can be first dry blended and.then melt mixed 
in the ffl• extruder itself. Alternatively, ff insufficient 
af xing occurs in the film extruder, the pellets can be ftrst dry 
blended and then melt mixed in a precompoundf ng extruder followed 
by repelletization prior to film extrusion. 

30 The polymer· blends can be aelt processed into films using 

ef ther cast or blown ftlm extrusion methods, both of which are . 
described fn •Plastics Extrusion Technology - 2nd. Ed.• by Allan 

A. Grfff (Van Nostrand Reinhold • 1976), incorporated by 
reference herein. Cast film ts extruded through a 1 inear slot 

35 dte. Typically, the flat web 1.s cooled on a large moving 
. poltsh~~-- m.etal roll. It quickly cools, and peels of this first 

~--·-··0,'"~-··· --~roll Mis.es over one or more auxtlary cooling rolls, then through 
·-··-·.--•"'" . 
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a set of rubber-coated pull or "haul-off" rolls, and finally to a 
winder. A method of making a cast backsheet film for the 
absorbent products of the current invention is described 
hereinafter in Example I. 

In blown film extrusion, the melt is extruded upward through 
a thin annular die opening. This process is also referred to as 
tubular film extrusion~ Air is introduced through the center of 
the die to inflate the tube and causes it to expand.. A moving 
bubble is thus formed wh~ch is held at constant size by control 
of internal air pressure. The tube of film is cooled by air 
blown through one or more chill rings surrounding the tube. The 
tube is next collapsed by drawing it into a flattening frame 
through a patr of pull rolls and into a winder. For backsheet 
applications, the flattened tubular film is subsequently slit 
open, unfolded and further slit into widths appropriate for use 
in absorbent products. 

Film materials used as liquid impervious backsheets in 
absorbent articles, such as disposable diapers, typically have a 
thickness of from 0.01 11111 to about 0.2 11111, preferably from 0.012 
1111 to about 0.051 11111. 

In general, the liquid impervious backsheet is combined with 
a liquid pervious topsheet and an absorbent core positioned 
between the ·topsheet and the backsheet, optionally elastic 
members and tape tab fasteners. While the topsheet, the 
backsheet, the absorbent core and elastic members· may be 
assembled in a variety of well known configurations, a preferred 
diaper configuration is described generally in U.S. Patent 
3,860,003, entitled •contractible Side Portion for Disposable 
Diaper• which issued to Kenneth 8. Buell on January 14, 1975 and 
which patent is incorporated herein by reference. 

The topsheet is compliant, soft-feeling, and non-irritating 
to the wearer's skin. Further, the topsheet is liquid pervious, 
permitting liquids to readily penetrate through its thickness~ A 

·suitable topsheet may be manufactured from a wide range of 
materials such· as porous foams, reticulated foams, apertured 
plastic films, natural fibers (e.g., wood or cotton fibers), 
synthetic fibers (e.g., polyester or polypropylene fibers) or 
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from a combination of natural and synthetic fibers. Preferably 
the topsheet 1s made of a hydrophobic material to isolate the 
wearer's skin from liqui~s in the ab~orbent core. 

A particularly preferred topsheet comprises staple-length 
5 polypropylene fibers having a denier of about 1.5 such as 

Hercules type 151 polypropylene marketed by Hercules, Inc. of 
Wilmington, Delaware. As used herein, the ter11 •staple-length 
fibers• refers to those fibers having a length of at least about 
16 an. 

10 There are a number of manufacturing techniques which may be 

used to manufacture the topsheet. For example, the topsbeet may 
be woven, nonwoven, spunbonded, carded, or the like. A preferred 
topsheet is. carded, ind thermally bonded by means well known to 
those skilled in the fabrics art. Preferably, the topsheet has a 

15 weight from about 18 to about 25 g/mZ, a mtntmum dried tensile 
strength of at least about 400 g/ce ~n the machine direction, and 
a wet tensile strength of at least about 55 g/an in the 
cross-machine direction. 

The topsheet and the backsheet are joined together in any 
20 suitable manner. As used herein the tenn •joined• encD111Passes 

conftguraUons whereby the topsheet ts directly jotned to the 
backsheet by afftx~ng the topsheet directly to the backsheet, and 
configurations whereby the topsheet ts indirectly joined to the 
backsheet by afftxtng the topsheet to intennedtate members which 

25 in turn are affixed to the backsheet. In a preferred embodiment, 
the topsheet and the backsheet are affixed directly to each other 
tn the diaper periphery by attachment means such as an adhesive 
or any other attachment means as known in the art. For example, 
a uniform, continuous layer of adhesive, a patterned layer of 

30 adhesive, or an array of separate lines or spots of adhesive may 
be used to afftx the topsheet to the backsheet. 

Tape tab fasteners are typically applied to the back 
waistband region of the dtaper to provide a fastening means for 
holding the diaper on the wearer. The tape tab fasteners can be 

35 any of· those well known in the art, such as the fastening tape 
disclosed in U.S. Patent 3,848,594, issued to Kenneth 8. Buell on 

· - - ·· · -... ______ -, November 19, 1974, the disclosure of which 1s incorporated herein 

ii1lilii1imn1f' 
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by reference. These tape tab fasteners or other diaper fastening 
means are typically applied near the corners of the diaper. 

Preferred diapers have elastic ~aibers disposed adjacent the 
periphery of the diaper, preferably along_ each longitudinal edge 

5 so that the elastic members tend to draw and hold the diaper 
against the legs of the wearer. The elastic llellbers are secured 
to the diaper in an elastically contractible condition so that in 
a normally unrestrained configuration the elastic members 
effectively contract or gather the diaper. The elastic members 

10 can be secured in an elastically contractible condition tn at 
least two ways. For example, the elastic members may be 

stretched and secured while the diaper 1s in an uncontracted 
condition. Alternatively, the diaper may be contracted, for 
example, by pleating, an elastic member secured and connected to 

15 the diaper while the elastic members are in their relaxed or 
unstretched condttton. 

The elastic members may take a multitude of configurations. 
For example the width of the elastic members may be varied from 
about 0.25 m to about 25· • or more; the elasttc members uy 

20 comprise a single strand of elastic material or the elastic 
members may be rectangular or curvtltnear. Sttll further, the 
elastic members may be affixed to the diaper in any of several 
ways which are known· in the art. For example the elastic members 
may be ultrasonically bonded, heat and pressure sealed into the 

25 diaper using a variety of bonding patterns, .or the elastic 
members may simply be glued to the diaper. 

The absorbent core of the diaper is positioned between the 
topsheet and backsheet. The absorbent core may be aanufactured 
in a wide variety of sizes and shapes (e.g., rectangular, 

30 hour-glass, asymetrical, etc.) and from a wide variety of 
materials. The total absorbent capacity of the absorbent core .. 
should, however. be compatible with the designed liquid loading 
for the intended use of the absorbent article or diaper. 
Further, the size and absorbent capacity of the absorbent core 

35 may vary to acconnodate wearers .ranging from infants through 
adults. 
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A preferred embodiment of the diaper has a modified 
hour-glass shaped absorbent · core. The absorbent core is 

preferably an absorbent member comprising a web or batt of 
airfelt, wood pulp fibers, and a particulate absorbent polymeric 

5 composition disposed therein. 
Other examples of absorbent articles according to the 

present invention are sanitary napkins designed to recetve and 
contain vaginal discharges such as menses. Disposable sanitary 
napkins are designed to be held adjacent ta the human body 

10 through the agency of a garment, such as an undergarment or a 
panty or by a specially designed belt. Examples of the kinds of 
sanitary napkins to which the present invention is readily 
adapted are ~hown in U.S. Patent 4,687 ,478, entitled •shaped 
Sanitary Napkin With Flaps• which issued ta Kees J •. Van Tilburg 

15 on August 18, 1987 and 1n U.S. Patent 4,589,876, entitled 
•sanitary Napktn• which issued _to Kees J. Van Ttlburg on May 20, 
1986, the disclosures of both patents being incorporated herein -· by reference. It will be apparent that the pol)'llertc compostable 
films described herein may be used as the 1 iqutd impervious 

ZO backsheet of such sanitary napkins. On the other hand tt will be 
understood the present invention is not Hatted to any specific 
sanitary napkin configuration or structure. 

In general, sanitary napkins comprise a liquid impervious 
backsheet, a liquid pervious topsheet, and an absorbent core 

25 placed between the backsheet and the topsheet. The backsheet 
comprises one of the compostable films containing a blend of 
polymeric components as described above. The topsheet may 

comprise any of the topsheet material.s discussed with respect to 
diapers. 

30 Importantly, the absorbent articles according to the present 
invention are compostable to a greater extent than conventional 
absorbent arttcles which employ a polyoleftn, typically a 
polyethylene backsheet. 

The term •compostable• as used herein means a material that 
35 meets the following three requirements: (1) ts capable of being 

processed 1n a composting facility for solid waste; (2) if so 
processed will end up in the final compost; and (3) if the 
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compost ts used in the soil the material will ultimately 
btodegrade tn the soil. 

A polymer film material presen~· in solid waste submitted to 
a composting facility for processing does not necessarily end up 

5 in the final compost. Certain composting factltttes subject the 
solid waste stream to atr classification prior to further 
processing, in order to separate paper and other materials. A 

polymer ftlm would most probably be separated from the solid 
waste stream in such an atr classiftcatton and therefore not be 

10 processed in the composting facility. Nevertheless. tt may sttll 
be a •compostable• material according to the above definition 
because tt is •capable• of betng processed tn a composttng 
facility. 

The requirement that the material ends up tn the final 
15 compost typically means that tt undergoes a fa,. of degradation 

in the composting process. Typically, the soltd waste stream 
will be subjected to a shredding step in an early phase of the 
composting process. As a result, the pol1111r film will be 
present as shreds rather than a sheet. In the final phase of the 

20 composting process, the finished compost will be subjected to. a 
screening step. Tntcally, the polymer shreds wtll not pass 
through the screens tf they have retained the stze they had 
immediately after the shredding step. The compostable materials 
of the pres~nt tnventton will have lost_ enough of their integrity 

25 during the composting process to allow s•tdegraded shreds t~ 

pass through the screens. However, 1t ts conceivable that a 
composting facility aight subject the so11d waste stre• to a 
very rigorous shredding and a rather coarse screening, tn whtch 
case nondegradable polymers like polyethylene would meet 

30 requirement (2). Therefore, meeting requirement· (2) ts not 
enough for a material to be compostable wtthtn the present 
defintttan. 

What does distinguish the compostable mterial as defined 
heretn from materials like polyethylene ts requirement (3) that 

35 they ultimately btodegrade tn the soil. Thts btodegradatton 
should be complete to C01 and water. This biodegradability 
_requirement ts not essential to the composting process or the use 
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of composting soil. Solid waste and the compost resulting 
therefrom may contain all kinds of nonbiodegradable materials, 
for example,sand. However, to a~oid -a build up of man-made 
materials in the soil, ft is required herein that such aaterials 

5 be fully biodegradable. By the sam token, it is not at all 
necessary that thts biodegradation be fast. As long as the 
material itself and intermediary .decomposition products are not 
toxic or otherwise harmful to the soil or the crops, it is fully 
acceptable that their biodegradation takes several 1110nths or even 

10 years, since this requirement is present only to avoid an 
accumulation of man-made materials tn the soil. 

The following examples illustrate the practice of the 
prese~t invention but are not intended to be 11mtttng thereof. 

15 EJAMPLE l 
A 70:30 by weight dry blend of TOHE P-787 polycaprolactone 

to Mater-81 Grade SA007 ts prepared by adding 17.5 pounds of TONE 
pellets to 7.5 pounds Mater-Bi in a Kelly Duplex Mixer and mixing 
for 15 minutes. 

20 The dry blend ts then melt compounded to 15o•c tn a 
Brabender twin screw compounder equipped with an etght part 
strand die. The molten strands are cooled and solidified in a 
water bath prior to entering a Cumberland Qutettzer Pellet1zer 
where each ·strand is chopped into pellets approximately 0.125 

25 inches long. 
The pellets are converted tnto a ftlm approxt•tely 0.0012 

inches thick using a 30.. di1111eter single screw extruder 
(Zahnradwerk Kollman) equipped with standard polyolefin-type 
screw and a 24 inch wide coathanger die. The temperature of the 

·30 extruder barrel varies from about 221•c in the feed zone to about 
132•c at the discharge end near the die. The die temperature is 
maintained at about i3a•c. Fil• takeoff and winding is 
accomplished on a .Johnson takeoff syst•. The chill rolls on 
which the ftl• is cooled and solidified are utntatned at about 

35 21•c. After cooling, the thick edges of the film are slit off 
and removed and the final film app~ximately 13.5 inches wide, ts 
collected on a 3 inch diameter cardboard core. 
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The resulting film 1s translucent and displays excellent 
toughness and mechanical strength. These properties ·are 
maintained even after aging in a S~~C (~lOI relative humidity) 
environment for three months. 

EQMPLE II 
A 66:17:17 by weight dry blend of TONE P-787, Mater·Bi 

.SA007, and an ethylene-acrylic acid copolymer (DOV PRIMACOR 34&0) 
ts pre~ared by combtn1~ 16.5 pounds TONE, 4.25 pounds MATER-Bl, 

10 and 4.25 pounds PRIMACOR pellets in a Kelly Duplex Mixer and 
mixing for 30 minutes. 

The dry blend is then melt compounded on a Brabender· twin 
screw compounder equipped with an eight port strand dte. The 
compounder barrel temperature is maintained between 155 and 

15 J&o•c, and the die maintained at about 14S-C. The strands are 
cooled in a water bath and pe11et1zed as described 1n Example I. 

The pellets ·are converted· into a ftl• ranging from about 
.0012 to about 0.0014 tnches thick ustng the s .. extruder and 
takeoff equipment described 1n Example I. Die temperatures and 

20 takeoff conditions are the same. The resulting ft111, after 
slitting to about 13.S tnches wide, is wound onto a 3 tnch 
diuieter cardboard core. 

EXAMPLE III 
25 A disposable baby diaper according to thts invention ts 

prepared· as follows. The dtmenston 1 tstecl are for a diaper 
intended for use with a child tn the 6-10 kilogram size range. 
These di•nsions can be modified proportionately for different 
size children, or for adult incontinence briefs, according to 

30 standard practice. 
1. Backsheet: .020 - .038 • ftlm consisting of a 70:30 

polycaprolactone to Mater-81 bland (prepared as described in 
Example I); width at top and bottom 33 ca; notched inwardly on 
both sides to a width-at-center of 28.5 cm; length 50.2 cm. 

35 2. Topsheet: carded and thermally bonded staple-length 
polypropylene fibers (Hercules type 151 polypropylene); width at 
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top and bottom 33 cm; notched inwardly on both -sides to a 
width-at-center of 28~5 cm; length S0.2·cm. 

3. Absorbent core: comprises 28.6 g of cellulose wood pulp 
and 4.9 g of absorbent gell tng material particles (comnerc1al 

I polyacrylate from Nippon Shokubai); 8.4 111 thick, calendered; 
width at top and bottom 28.6 cm; notched inwardly at both sides 
to a width-at-center of 10.2 cm; length 44.5 cm. 

4. Elastic leg bands: four tndivtdual rubber strips (2 per 
side); width 4.77 .. ; 1•ngth 370 111; thickness 0.178 1111 (all the 

10 foregoing dimensions ·being in the relaxed state). 
The diaper ts prepared tn standard fashion by positioning 

the core material covered with the topsheet on the backsheet and 
gluing. 

The elastic bands (designated •tnner• and •outer•, 
11 corresponding to the bands closest to, and farthest from, the 

core, respectively) are stretched tq ca. 50.2 cm and positioned 
between the topsheet/backsheet along each longttudtnal side (2 

bands per s.1de) of the core. The tnner bands along each side are 
postttoned ca. 55 • from the narrowest width of the core 

ZO (measured from the inner edge_ of the elastic bank). This 
provides a spacing element along each side of the diaper 
comprising the flexible topsheet/backsheet material between the 
inner elastic and the curved edge of the core. The inner bands 
are glued down along their length tn the stretched state. The 

25 outer bands are posttioned ca. 13 • from the inner bands, and 
are glued dcnm along their length in the stretched state. The 
topsheet/backsheet assembly 1s flexible, and the glued-down bands 
contract to elasticize the sides of the diaper. 

30 EXAMPLE JV 

. A lightweight pantiliner suitable for ·use between menstrual 
periods comprises a pad (surface area 117 cmz; SSK air felt 3.0 
g) containing 1.0 g of absorbent gelling 111tertal particles 
(coaDerctal polyacrylate; Nippon Shokubat); satd pad being 

JS interposed between a porous fow.d-film topsheet according to 
U.S. Patent 4.463,045 and a backsheet which comprises a 0.03 1111 
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thickness polycaprolactone/Mater-Bi (70:30 weig~t basts) film, as 
prepared in accordance with Example I. 

EXAMPLE° V 
S A caiamenial product in the farm af a sanitary napkin having 

two fl aps extend1 ng outward from 1 ts absorbent core is prepared 
using a pad in the manner of Example IV (surface area 117 cm•; 
8.5 g SSK air felt). per the design af U.S. Patent 4.687,478, Van 
Tillburg, August 18, 19S7. The backsheet and topsheet materials . 

10 are the same as described in Example IV. 

EXAMPLE VI 
The- diaper of Example III 1s modified by replacing the 

backsheet with a backsheet consisting of a .020 to .038 • 
11 thickness film comprising a 66:17:17 Tone: Mater-Bi: 

ethylene-acrylic acid copolymer bleqd (prepared as described in 
Example II) . . 

From the foregoing specification, one skilled in the art can 
20 easily ascertain the essential characteristics of thts tnventian, 

and without departing from the spirit and scope thereof, may make 
various changes and modtficatians to adapt the invention to 
various usages and conditions not specifically mentioned herein. 
The scope of this invention shall be defined by the claims which 

15 follow. 

30 

35 
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1. An absorbent article characterized in that it comprises: 

a) a liquid pervious topsheet; 

b) a liquid impervious backsheet joined with said 
topsheet; said backsheet comprising a blend of: 

(i) an interpenetrated network of destructurized 

{ii) 

starch and a copolymer selected from ethylene acrylic acid 
copolymer and ethylene vinyl alcohol copolymer, preferably 
ethylene vinyl alcohol copolymer; and 

an aliphatic polyester, the weight ratio of said 
aliphatic polyester to said . interpenetrated 
network of destructurized starch and copolymer 
being at least 1:1; and 

c) an absorbent core pos 1 ti oned between said topsheet and 
said backsheet. 

2. The absorbent article of Claim 1 wherein the backsheet comprhes 
from 10% to 50t., preferably from 15% to 35% by weight of said 
interpenetrated network of destructuriz·ed starch and copolymer, and 
from sos to 90S, preferably from 60S to am. by weight of the 
aliphatic polyester. 

3. The absorbent article of Claim l or 2 wherein less than 40I, 
preferably less than 20% of the starch in the backsheet is free and 
in the form of particles having an average number diameter below 1 
micrometer. 

4. The absorbent article of any of Claims 1-3 wherein the copolymer is 
an ethylene/acrylic acid copoiymer having an acrylic acid content of 

.from ~~---~~ __ 30% by we1ght. 
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5. The absorbent article of any of Cla;ms 1-3 where;n the copolymer is 

an ethylene/v;nyl alcohol copolymer nav;n9 a vinyl alcohol content 

of from 50% to 80 mole %. 

6. The absorbent article of any of Claims 1-5 wherein the aliphatic 

polyester ;s polycaprolactone. 

7. The absorbent article of any of Claims 1-5 wherein the aliphatic 

polyester is the oxidation product of an ethylene-carbon monoxide 

copolymer and a peroxyacid oxidizing agent. 

8. The absorbent article of any of Claims 1-5 wherein the al.iphatic 

polyester is a polyhydroxybutyrate-valerate copolymer having a 

valerate content from 10% to Z4 mole %. 

9. The absorbent article of any of Claims 1-$ in the form of a 

disposable diaper, sanitary napkin or pantiliner. 

10. The absorbent article of any of Claims 1-9 wherein said absorbent 

core contains an absorbent gelling material. 


