
METAL-LIGAND COMPLEXES AND CATALYSTS The present invention generally
relates to metal-ligand complexes, catalysts comprising or prepared from
the metal-ligand complexes, processes of catalyzing olefin polymerization
reactions with the catalysts to prepare polyolefins, polyolefins prepared
thereby, processes of making the metal-ligand complexes and catalysts, and
intermediate compounds useful therefor. BACKGROUND OF THE INVENTION United
States (U.S.) Patent Number US 6,096,676 mentions, among other things,
catalyst precursors and catalysts comprising a Group 4 metal. U.S. Patent
Number US 6,803,433 B2 mentions, among other things, metalloenamine
compounds and catalysts comprising a metal that is nickel, palladium,
platinum, titanium, zirconium, hafnium, vanadium, or scandium. U.S. Patent
Numbers US 6,919,413 B2; US 6,919,467 B2; and US 7,199,255 B2 are family
members that mention, among other things, catalyst precursors and catalysts
comprising a metallic element of any one of Groups 1 to 15 and the
lanthanide series (of the Periodic Table of the Elements disclosed in
Lange's Handbook of Chemistry (McGraw Hill Handbooks, 15 th edition, 1999).
Chemical industry desires new metal-ligand complexes and catalysts prepared
therefrom with improved stability (e.g., towards alkyl group migration)
under olefin polymerization reaction conditions (e.g., temperature).
Preferably, the new catalysts would be useful for catalyzing reactions that
provide new compositions of matter (e.g., new polyolefin compositions),
improving reaction yields, providing alternative substrate selectivities
(e.g., providing a new relative selectivity for a monomer and co-monomer in
making a polyolefin copolymer), reducing manufacturing costs, improving
process safety, or a combination thereof. SUMMARY OF THE INVENTION In a
first embodiment, the present invention is a metal-ligand complex of
formula (I): wherein:Each L independently is halo, hydrogen atom, (Ci -C4 0
)hydrocarbylC(O)N((C -C2 0 )hydrocarbyl), (C -C4 0 )hydrocarbylC(O)O-,
(C1-C4 0 )hydrocarbyl, (C1-C4 0 )heterohydrocarbyl, RKRLN-, RLO-, RLS-, or
RKRLP-, wherein each Rk and RL independently is hydrogen, (C -C4
o)hydrocarbyl, [(C -C^hydrocarbylJ^Si, [(C 1-C1o)hydrocarbyl]3Si(C 1-C10
)hydrocarbyl, or (Cr C4 0 )heterohydrocarbyl, or Rk and RL are taken
together to form a (C2-C4 Q)hydrocarbylene or (C2-C4
Q)heterohydrocarbylene, wherein each L independently is a monoanionic
moiety that is bonded to M; Each X independently is absent or is a neutral
Lewis base group that is RXNRKRL, RKORL, RKSRL, or RXPRKRL, wherein each Rx
independently is hydrogen, (C1-C4 0 )hydrocarbyl, [(C 1-C 10 )hydrocarbyl]3
Si, [(C -C^hydrocarbyrj^S^C -C^hydrocarbyl, o r ( -C^Q)heterohydrocarbyl
and each Rk and RL independently is as defined above; Each LQ and LR
independently is absent or is as defined above for L or X, or LQ and LR are
taken together to form (RD)2C=C(RD)-C(RD)=C(RD)2 , wherein each RD
independently is H, unsubstituted (C^-C^alkyl, phenyl, or naphthyl; Each M
independently is a metal of any one of Groups 3 to 6 or Groups 7 to 9 of a
Periodic Table of the Elements (described later), the metal being in a
formal oxidation state of +2, +3, +4, +5, or +6; n is an integer of 1 or 2,
wherein when n is 2, one L is absent; Each R independently is H, (C -C4
Q)hydrocarbyl, or (C -C4 Q)heterohydrocarbyl; Each of R2 , R3 , and R4
independently is H, (Cr C4 0 )hydrocarbyl, (C -C4 0 )hydrocarbylO-, (C -C4
0 )hydrocarbylS-, (C -C4 0 )hydrocarbylS(O)-, (C1-C4 0 )hydrocarbylS(O)2 -,
((C 1-C4 0 )hydrocarbyl)2 N-, ((C 1-C4 0 )hydrocarbyl)2 P-, or 



(C -C4 Q)heterohydrocarbyl; Each R independently is (C -C4 Q)hydrocarbyl or
(C -C4 Q)heterohydrocarbyl; wherein R1 and R2 , R2 and R3 , R3 and R4 , R4
and R5 , R1 or R5 and an Rk of X, or R or R and an RL of L optionally are
taken together to form a (Ci-C 4 Q)hydrocarbylene or (Ci-C 4
o)heterohydrocarbylene, or R or R and L optionally are taken together to
form (C -C4 0 )hydrocarbylene-C(O)N(H)-, (C -C4 0 )hydrocarbylene-C(O)N((C
-C2 0 )hydrocarbyl), (C -C4 0 )hydrocarbylene-C(O)O-, (C -C4 0
)hydrocarbylene, or(C -C^heterohydrocarbylene; or any three or four of R to
R , Rk of X, and RL of L optionally are taken together to form a respective
trivalent or tetravalent analog of (Ci-C4o)hydrocarbylene or (C
-C4Q)heterohydrocarbylene; or R or R and any one or two of the remainder of
RMo R , Rk of X, and RL of L optionally are taken together with L to form a
respective trivalent or tetravalent analog of (C -C4 0
)hydrocarbylene-C(O)N(H)-, (C -C4 0 )hydrocarbylene-C(O)N((C -C2 0
)hydrocarbyl), ( 1-C4Q)hydrocarbylene-C(O)O-, (Ci-C4Q)hydrocarbylene, or
(C1-C4Q)heterohydrocarbylene; and the remainder of R to R , Rk of X, RL of
L, and L are as defined above; j is an integer of 1 or 2, wherein when j is
2, n is 2 and either both R groups, both R groups, or one R group and one R
group are taken together to form a (Ci-C4o)hydrocarbylene or (C
-C4Q)heterohydrocarbylene; Each of the aforementioned (C -C^hydrocarbyl, (C
-C2 o)hydrocarbyl, (C1-C4o)hydrocarbyl, (C -C4Q)heterohydrocarbyl, (C
-C4Q)hydrocarbylene, (C2-C4Q)hydrocarbylene, and
(C2-C4Q)heterohydrocarbylene are the same or different and independently is
unsubstituted or substituted with one or more substituents Rs ; Each Rs
independently is halo, polyfluoro, perfluoro, unsubstituted (Cr C18
)hydrocarbyl, F3 C-, FCH2 O-, F2 HCO-, F3CO-, oxo (i.e., =0), R3 Si-, RO-,
RS-, RS(O)-, RS(O)2 -, R2 P-, R2 N-, R2C=N-, NC-, RC(O)O-, ROC(O)-,
RC(O)N(R)-, or R2 NC(O)-, wherein each R independently is an unsubstituted
(Ci-C^hydrocarbyl; and wherein LQ and LR are selected, depending on the
formal oxidation state of metal M, such that the metal-ligand complex of
formula (I) is, in aggregate, neutral. In some embodiments, M is a metal of
any one of Groups 3 to 6. In other embodiments, M is a metal of any one of
Groups 7 to 9. Preferably, M is a metal of Group 4, which means that M is
titanium, zirconium, or hafnium, more preferably zirconium or hafnium. In a
second embodiment, the present invention is a catalyst comprising, or is
prepared from, one or more metal-ligand complexes of formula (I) and one or
more activating cocatalysts, or a reaction product thereof, wherein the
ratio of total number of moles of the one or more metal-ligand complexes to
total number of moles of the one or more activating co-catalyst is from
1:10,000 to 100:1. Preferably, the catalyst of the second embodiment
comprises, or is prepared from, three or fewer, more preferably two, and
still more preferably one metal-ligand complex of formula (I).In a third
embodiment, the present invention is a process of preparing a polyolefin,
the process comprising a step of contacting at least one polymerizable
olefin to the catalyst of the second embodiment under olefin-polymerizing
conditions (described later) sufficient to polymerize at least some of the
at least one polymerizable olefin and produce a polyolefin therefrom.
Preferably, the polyolefin is an ethylene homopolymer, an
ethylene/alpha-olefin interpolymer (e.g., copolymer), or an
ethylene/alpha-olefin/diene interpolymer (e.g., terpolymer). In a fourth
embodiment, the present invention is a process of preparing the catalyst of
the second embodiment, the process comprising a step of contacting one or
more metal-ligand complexes of formula (I) to one or more activating
co-catalysts under conditions sufficient to 



prepare the catalyst of the second embodiment, wherein the ratio of total
moles of the one or more metal-ligand complexes to total moles of the one
or more activating co-catalysts is from 1:10,000 to 100:1. Preferably, the
process employs an aprotic solvent (i.e., a solvent lacking -OH, -NH, and
-SH functional groups). In a fifth embodiment, the present invention is a
process of preparing the metal-ligand complex of formula (I), wherein n is
1, j is 1, LQ and LR are as defined for L, X is absent, and M, R to R and L
are as defined above for the first embodiment, the process comprising a
step of contacting a metal compound of formula (Z) M(L)1n+ (Z), to n mole
equivalents of a compound of formula (Y) or a salt of a conjugate base
thereof, under conditions sufficient to produce a mixture comprising the
metal-ligand complex of formula (I), wherein m is an integer of from 2 to 6
and m is selected so that the metal compound of formula (Z) is, in
aggregate, neutral. Another embodiment of the present invention is a
polyolefin prepared according to a process of the third embodiment.
Preferably, the polyolefin is an ethylene homopolymer, an
ethylene/alpha-olefin interpolymer (e.g., copolymer), or an
ethylene/alpha-olefin/diene interpolymer (e.g., terpolymer). Still another
embodiment of the present invention is an intermediate compound. A
preferred intermediate compound is a compound of formula (Y)or a salt of a
conjugate base thereof; wherein R is (C -C4Q)alkyl and R is (C6 -C4 0
)aryl, or R1 is (C6 -C4 0 )aryl and R5 is (C1-C4 0 )alkyl; and R2 to R4 are
as defined above for the metal-ligand complex of formula (I). Preferred
invention catalysts of the second embodiment show beneficial catalyst
efficiencies as polymerization catalysts (e.g., higher grams of polymer
produced per gram of metal-ligand complexes of formula (I) that are used to
prepare the invention catalysts) and produce polyolefins, including
polyolefin copolymers, having beneficially higher weight average molecular
weights (Mw ), number average molecular weights (Mn ), or both compared to
Mw or Mn of conventional polyolefins. Polyolefins produced by an invention
process of the third embodiment preferably are prepared as, and are useful
in, for example, coatings, films, fibers, and molded and extruded articles.
More preferably, the polyolefins are useful in applications where
polyolefins having higher Mw or Mn are desired. Examples of such
applications are those requiring higher than ambient service temperatures
(e.g., temperatures higher than about 30 0C). Other examples are
applications requiring improved mechanical properties such as, for example,
one or more of modulus (e.g., Young's modulus), Izod impact strength, yield
strength, tensile strength, elongation at break, stiffness, heat
resistance, chemical resistance, ignition resistance, resistance to
diffusion of polar liquids or gases, and dimensional stability. The
metal-ligand complex(es) of formula (I) and catalyst(s) derived therefrom
with the one or more activating co-catalysts are useful in the processes of
the third and fourth embodiments. The polyolefins prepared by the process
of the first embodiment are useful in numerous applications such as, for
example, synthetic lubricants and, especially for the OBCs, elastic films
for hygiene applications (e.g., for diaper covers); flexible molded goods
for appliances, tools, consumer goods (e.g., toothbrush handles), sporting
goods, building and construction, automotive, and medical applications;
flexible gaskets and profiles for appliance (e.g., refrigerator door
gaskets and profiles), building and construction, and automotive
applications; adhesives for packaging (e.g., for use in manufacturing
corrugated cardboard boxes), hygieneapplications, tapes, and labels; and
foams for sporting goods (e.g., foam mats), packaging, consumer goods, and
automotive applications. Additional non-limiting embodiments are described
below, including the claims, and in the drawings that accompany this
specification. 



BRIEF DESCRIPTION OF THE DRAWINGS Figure 1 (Fig. 1) shows an Oak Ridge
Thermal Ellipsoid Plot (ORTEP) depiction of a single crystal structure
derived by x-ray analysis of [N-[2-[[2,6-bis(lmethylethyl)
phenyl]amino-kappaN]-2-cyclohexen-l-yridene]-2,6-bis(lmethylethyl)
benzenaminato-kappaN]tris(phenylmethyl)-hafnium (Example 1) with hydrogen
atoms and unsubstituted phenyl carbons omitted for clarity. Fig. 2 shows an
ORTEP depiction of a single crystal structure derived by x-ray analysis of
(2,6-bis(l-methylethyl)-7V-((lE)-2-(octylamino-kappaN)-2-cyclohexen-lyliden
e) benzenaminato-kappaN)tris(phenylmethyl)-hafnium (Example 2) with
hydrogen atoms and unsubstituted phenyl carbons omitted for clarity. Fig.3
shows an ORTEP depiction of a single crystal structure derived by x-ray
analysis of
(7V-((6E)-6-(butylimino-kappaN)-l-cyclohexen-l-yl)-2,6-bis(l-methylethyl)be
nzenaminatokappaN) tris(phenylmethyl)-hafnium (Example 3) with hydrogen
atoms and unsubstituted phenyl carbons omitted for clarity. Fig. 4 shows an
ORTEP depiction of a single crystal structure derived by x-ray analysis of
(L-((6E)-6-(butylimino-kappaN)-l-cyclohexen-l-yl)-2,6-bis(l-methylethyl)ben
zenaminatokappaN) tris(phenylmethyl)-zirconium (Example 4) with hydrogen
atoms and unsubstituted phenyl carbons omitted for clarity. Fig. 5 shows an
ORTEP depiction of a single crystal structure derived by x-ray analysis of
(L-((6E)-6-(butylimino-kappaN)-l-cyclohexen-l-yl)-2,6-bis(l-methylethyl)ben
zenaminatokappaN) trimethyl-hafnium (Example 15). In Fig. 5, hydrogen atoms
are omitted for clarity. Fig. 6 shows an ORTEP depiction of a single
crystal structure derived by x-ray analysis of
[L-(2,6-diisopropylphenyl)-2-butylaminotroponiminato]tribenzylhafnium
(Example 16). In Fig. 6, hydrogen atoms and unsubstituted phenyl carbons
are omitted for clarity. Fig. 7 shows an ORTEP depiction of a single
crystal structure derived by x-ray analysis of
[7V,7V-dimethylamino-2-(2,6-diisopropylanilino)troponiminato]tribenzylhafni
um(Example 18). In Fig. 7, hydrogen atoms and unsubstituted phenyl carbons
are omitted for clarity. DETAILED DESCRIPTION OF THE INVENTION As
summarized previously, the present invention generally relates to
metal-ligand complexes, catalysts comprising or prepared from the
metal-ligand complexes, processes ofcatalyzing olefin polymerization
reactions with the catalysts to prepare polyolefins, polyolefins prepared
thereby, processes of making the metal-ligand complexes and catalysts, and
intermediate compounds useful therefor. In some embodiments, the process of
the third embodiment further employs another polymerizable olefin (i.e.,
olefin comonomer) so as to employ both an olefin monomer and olefin
comonomer, a chain shuttling agent (CSA, described later), and an associate
olefin polymerization catalyst (which may be an invention catalyst, or a
non-invention catalyst described later), the preferred process giving the
polyolefin comprising a poly(olefin monomer olefin comonomer) interpolymer
(e.g., copolymer), more preferably a poly(olefin monomer olefin comonomer)
block copolymer (i.e., an OBC), and in some embodiments a poly(ethylene
alpha-olefin) block copolymer. The poly(ethylene alphaolefin) block
copolymer preferably comprises an ethylene-derived hard segment and a soft
segment comprising residuals from the alpha-olefin and ethylene as
described later. The term "poly(ethylene alpha-olefin) block copolymer" is
used interchangeably herein with the terms "olefin block copolymer," "OBC,"
"ethylene/a-olefin block interpolymer," and "ethylene/a- olefin block
copolymer". The terms "alpha-olefin" and "a-olefin" are used
interchangeably herein. As used herein, "a," "an," "the," "at least one,"
and "one or more" are used interchangeably. In any embodiment described
herein, the open-ended (non-excluding) terms "comprising," "comprises," and
the like (which are synonymous with "including," "having," 



and "characterized by") may be replaced by the respective partially closed
(partially excluding) phrases "consisting essentially of," consists
essentially of," and the like or the respective closed (excluding) phrases
"consisting of," "consists of," and the like. The term "or" used in a
listing of members, unless stated otherwise, refers to the listed members
individually as well as in any combination. For purposes of U.S. patent
practice and other patent practices allowing incorporation of subject
matter by reference, and the entire contents - unless otherwise indicated -
of each U.S. patent, U.S. patent application, U.S. patent application
publication, Patent Cooperation Treaty (PCT) international patent
application and WO publication equivalent thereof, referenced in the
instant Detailed Description of the Invention are hereby incorporated by
reference. When available, a U.S. patent or U.S. patent application
publication family member thereof may be incorporated by reference instead
of the PCT international patent application or WO publication equivalent.
In an event where there is a conflict between what is written in the
present specification and what is written in a patent, patent application,
or patent application publication, or a portion thereof that is
incorporated by reference, what is written in the present specification
controls.In the present application, headings (e.g., "Definitions") are
used for convenience and are not meant, and should not be used, to limit
scope of the present disclosure in any way. In an event where there is a
conflict between a unit value that is recited without parentheses, e.g., 2
inches, and a corresponding unit value that is parenthetically recited,
e.g., (5 centimeters), the unit value recited without parentheses controls.
In an event where there is a conflict between a compound name and its
structure, the structure controls. In the present application, any lower
limit of a range, or any preferred lower limit of the range, may be
combined with any upper limit of the range, or any preferred upper limit of
the range, to define a preferred embodiment of the range. Each range of
numbers includes all numbers, both rational and irrational numbers,
subsumed within that range (e.g., the range from about 1 to about 5
includes, for example, 1, 1.5, 2, 2.75, 3, 3.80, 4, and 5). Unless
otherwise noted, the phrase "Periodic Table of the Elements" refers to the
official periodic table, version dated June 22, 2007, published by the
International Union of Pure and Applied Chemistry (IUPAC). Also any
references to a Group or Groups shall be to the Group or Groups reflected
in this Periodic Table of the Elements. In some embodiments M is a metal of
Group 3. Group 3 metals (symbol), including lanthanoids and actinoids,
useful in the present invention are scandium (Sc), yttrium (Y), the
lanthanides (sometimes called lanthanoids), especially lanthanum (La),
cerium (Ce), praseodymium (Pr), neodymium (Nd), promethium (Pm), samarium
(Sm), europium (Eu), gadolinium (Gd), terbium (Tb), dysprosium (Dy), holium
(Ho), erbium (Er), thulium (Tm), ytterbium (Yb), and lutetium (Lu), and the
stable actinides (sometimes called actinoids), especially stable isotopes
of actinium (Ac), thorium (Th), and uranium (U). Unstable actinides such as
protactinium (Pa), neptunium (Np), plutonium (Pu), americium (Am), curium
(Cm), berkelium (Bk), californium (Cf), einsteinium (Es) fermium (Fm),
mendelevium (Md), nobelium (No), and lawrencium (Lr) are excluded from the
actinides useful in the present invention. Preferred Group 3 metals are Sc
and Y. In other embodiments M is a metal of Group 4. Preferred Group 4
metals are those in a formal oxidation state of +3 or +4, more preferably
+4. For purposes of the present invention, rutherfordium (Rf) is excluded
from the Group 4 metals useful in the present invention. In still other
embodiments M is a metal of Group 5. Group 5 metals useful in the present
invention are vanadium (V), niobium (Nb), and tantalum (Ta). For purposes
of the present invention, dubnium (Db) is excluded from the Group 5 metals
useful in the present invention. In still other embodiments M is a metal of
Group 6. 



Group 6 metals useful in the present invention are chromium (Cr),
molybdenum (Mo), and tungsten (W). For purposes of the present invention,
seaborgium (Sg) is excluded from the Group 6 metals useful in the present
invention. In still other embodiments M is a metal ofGroup 7. Group 7
metals useful in the present invention are manganese (Mn), technetium (Tc),
and rhenium (Re), preferably Mn. For purposes of the present invention,
bohrium is excluded from Group 7 metals useful in the present invention. In
still other embodiments M is a metal of Group 8. Group 8 metals useful in
the present invention are iron (Fe) and ruthenium (Ru). For purposes of the
present invention, osmium (Os) and hassium (Hs) are excluded from Group 8
metals useful in the present invention. In still other embodiments M is a
metal of Group 9. Group 9 metals useful in the present invention are cobalt
(Co), rhodium (Rh), and iridium (Ir), preferably Co or Rh. For purposes of
the present invention, meitnerium is excluded from Group 9 metals useful in
the present invention. The phrase "salt of a conjugate base of the compound
of formula (Y)" means an overall neutral ionic molecule comprised of a
monovalent anion (e.g., mono-deprotonated) derivative of the compound of
formula (Y) (i.e., [(Y) ]) and an overall monovalent cation. Examples of
overall monovalent cations are trityl cation,
tetra((Ci-C4Q)hydrocarbyl)ammonium), sodium cation, calcium dication in a
hemi calcium salt (e.g., Ca+ [(Y) ](counter monoanion)), and magnesium
dication in a hemi magnesium salt Mg+ [(Y) ](counter monoanion, wherein the
counter monoanion is, for example, a carbanion, halide, bicarbonate (HCO3
), bisulfate (HSO4 1), or dihydrogen phosphate (H2PO4 1)). When used to
describe a chemical group (e.g., (Ci-C 4 Q)alkyl), the parenthetical
expression of the form "(Cc -Cy )," means that the unsubstituted version of
the chemical group comprises from a number x carbon atoms to a number y
carbon atoms, wherein each x and y independently is an integer as described
for the chemical group. Thus, for example, an unsubstituted (C -C4 Q)alkyl
contains from 1 to 40 carbon atoms. When one or more substituents on the
chemical group contain one or more carbon atoms, the substituted (Cx -Cy )
chemical group may or may not comprise more than y total carbon atoms;
i.e., the maximum total number of carbon atoms of the substituted (Cc -Cy )
chemical group would be equal to y plus the sum of the number of carbon
atoms of each of the substituent(s). Any atom of a chemical group that is
not specified herein is understood to be a hydrogen atom. In some
embodiments, an invention compound (e.g., the metal-ligand complex of
formula (I) and the compound of formula (Y)) independently contains one or
more of the substituents Rs . Preferably there are not more than 20 Rs ,
more preferably not more than 10 Rs , and still more preferably not more
than 5 Rs in the compound. Where the invention compound contains two or
more substituents Rs , each Rs independently is bonded to a same or
different substituted chemical group.In some embodiments, at least one Rs
is polyfluoro or perfluoro. For present purposes "polyfluoro" and
"perfluoro" each count as one Rs substituent. The term "poly" as in
"polyfluoro" means that two or more H, but not all H, bonded to carbon
atoms of a corresponding unsubstituted chemical group are replaced by a
fluoro in the substituted chemical group. The term "per" as in "perfluoro"
means each H bonded to carbon atoms of a corresponding unsubstituted
chemical group is replaced by a fluoro in the substituted chemical group.
As used herein, the term "(Ci-C4Q)hydrocarbyl" means a hydrocarbon radical
of from 1 to 40 carbon atoms and the term "(Ci-C4Q)hydrocarbylene" means a
hydrocarbon diradical of from 1 to 40 carbon atoms, wherein each
hydrocarbon radical and diradical independently is aromatic or
non-aromatic, saturated or unsaturated, straight chain or branched chain,
cyclic (including mono- and poly-cyclic, fused and non-fused polycyclic) or
acyclic, or a combination 



of two or more thereof; and each hydrocarbon radical and diradical is the
same as or different from another hydrocarbon radical and diradical,
respectively, and independently is unsubstituted or substituted by one or
more Rs . Preferably, a (Ci-C4Q)hydrocarbyl independently is an
unsubstituted or substituted (Cr C40 )alkyl, (C3 -C4 0 )cycloalkyl, (C3
-C20 )cycloalkyl-(C 1-C20 )alkylene, (C6 -C4 0 )aryl, or (C -C2Q)aryl-(C
C2Q)alkylene. More preferably, a (C -C4Q)hydrocarbyl independently is an
unsubstituted or substituted (C -C2())hydrocarbyl, e.g., (C -C2o)aikyl, (C3
-C2o)cycloalkyl, (C3 -C 10 )cycloalkyl-(C r C10 )alkylene, (C6 -C2 0 )aryl,
or (C6 -C18 )aryl-(C r C10 )alkylene. Still more preferably, a
(Ci-C4Q)hydrocarbyl independently is an unsubstituted or substituted (C -
C18 )hydrocarbyl, e.g., (Cr C18 )alkyl, (C3 -C18 )cycloalkyl, (C3 -C12
)cycloalkyl-(C r C6 )alkylene, (C6 -C 18 )aryl, or (C6 -C 12 )aryl-(C r C6
)alkylene. Preferably, any (C3 - C 8 )cycloalkyl independently is an
unsubstituted or substituted (C3 -Cio)cycloalkyl. The term "(Ci-C4Q)alkyl"
means a saturated straight or branched hydrocarbon radical of from 1 to 40
carbon atoms that is unsubstituted or substituted by one or more Rs .
Examples of unsubstituted (C -C4Q)alkyl are unsubstituted (C -C2o)aikyl;
unsubstituted (C -C^alkyl; unsubstituted (C^-C^alkyl; methyl; ethyl;
1-propyl; 2-propyl; 1-butyl; 2-butyl; 2- methylpropyl; 1,1 -dimethylethyl;
1-pentyl; 1-hexyl; 1-heptyl; 1-nonyl; and 1-decyl. Examples of substituted
(Ci-C4Q)alkyl are substituted (C o kyl, substituted (C^-C^alky!,
trifluoromethyl, and independently is methyl, trifluoromethyl, ethyl,
1-propyl, or 2-methylethyl.The term "(C -C2 o)alkylene" means a saturated
straight or branched chain diradical of from 1 to 20 carbon atoms that is
unsubstituted or substituted by one or more Rs . Preferably, (C
-C2())alkylene, together with atoms of formula (I) or formula (Y) through
which the (C -C2())alkylene is bonded, comprise a 5- or 6-membered ring.
Examples of unsubstituted (C -C2o)alkylene are unsubstituted (C
-C^alkylene, including unsubstituted 1,2- I (Cr C10 )alkylene; -CH2 -,
-CH2CH2 -, -(CH2 )3 -, -CH 2CHCH 3 , -(CH2 )4 -, -(CH2 )5 -, -(CH2 )6 -,
-(CH2 )7 -, -(CH2 )8 -, and -(CH 4 C(H)(CH 3 )-. Examples of substituted
(C1- C2 0 )alkylene are substituted (Cr C10 )alkylene, -CF2 -, -C(O)-, and
-(CH2 ) 14 C(CH3 )2 (CH2 )5 - (i.e., a 6,6-dimethyl substituted normal-
1,20-eicosylene). The term "(C^-C 4 Q)aryl" means an unsubstituted or
substituted (by one or more Rs) mono-, bi- or tricyclic aromatic
hydrocarbon radical of from 6 to 40 total carbon atoms, of which at least
from 6 to 14 carbon atoms are ring carbon atoms, and the mono-, bi- or
tricyclic radical comprises 1, 2 or 3 rings (first, second, and third
rings, respectively), wherein any second or third ring independently is
fused or non-fused to a first ring or each other, and the first ring is
aromatic and, preferably, at least one of any second or third rings is
aromatic. Examples of unsubstituted (C -C4 Q)aryl are unsubstituted (C -C2
Q)aryl; unsubstituted (C - C18 )aryl; 2-(C 1-C5 )alkyl-phenyl; 2,4-bis(C
1-C5 )alkyl-phenyl; phenyl; fluorenyl; tetrahydrofluorenyl; indacenyl;
hexahydroindacenyl; indenyl; dihydroindenyl; naphthyl; tetrahydronaphthyl;
and phenanthrene. Examples of substituted (C -C4 Q)aryl are substituted (C
-C2 Q)aryl; substituted (C -C g)aryl; 2,4-bis[(C 2 Q)alkyl]-phenyl;
polyfluorophenyl; pentafluorophenyl; and fluoren-9-one-l-yl. The term "(C
-C4 Q)cycloalkyl" means a saturated cyclic hydrocarbon radical of from 3 to
40 carbon atoms that is unsubstituted or substituted by one or more Rs .
Examples of unsubstituted (C3 -C4 Q)cycloalkyl are unsubstituted (C3 -C2
Q)cycloalkyl, unsubstituted (C3 -Cio)cycloalkyl, cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl, cyclononyl, and
cyclodecyl. Examples of substituted (C3 -C4 Q)cycloalkyl are substituted
(C3 -C2 Q)cycloalkyl, substituted (C3 -C o)cycloalkyl, cyclopentanon-2-yl,
and 1-fluorocyclohexyl. 



Examples of (C -C4 Q)hydrocarbylene are unsubstituted or substituted
diradical analogs of the (C3 -C4 Q)cycloalkyl, and (C2 -C4 Q)alkyl. In some
embodiments, the diradicals are on adjacent carbon atoms (i.e.,
1,2-diradicals), or spaced apart by one, two, or more intervening carbon
atoms (e.g., respective 1,3-diradicals, 1,4-diradicals, etc.). Preferred
isa 1,2-, 1,3-, 1,4-, or an alpha,omega-diradical (i.e., having maximum
spacing between the radical carbons), more preferably a 1,2-diradical. More
preferred are diradical analogs, especially 1,2-diradicals, of
(C3-C4o)cycloalkyl, and (C2-C4Q)alkyl are (C -Ci g)arylene, (C3-C 2
o)cycloalkylene, and (C2 -C2 o)alkylene, respectively. The term "(C 4
)IIeterohydrocarbyl" means a heterohydrocarbon radical of from 1 to 40
carbon atoms and one or more heteroatoms N (when comprising -N=); O; S;
S(O); S(O)2 ; Si(R ; P(RP) ; and N(RN), wherein independently each Rc is
unsubstituted (C^C^hydrocarbyl, each Rp is unsubstituted (C^C^hydrocarbyl;
and each RN is unsubstituted (C^C^hydrocarbyl. The term "(C
1-C4o)heterohydrocarbylene" means a heterohydrocarbon diradical of from 1
to 40 carbon atoms and one or more heteroatoms Si(Rc )2 , P(RP), N(RN), N,
O, S, S(O), and S(O)2 as defined above. The heterohydrocarbon radical and
each of the heterohydrocarbon diradicals independently are on a carbon atom
or heteroatom thereof. Each heterohydrocarbon radical and diradical
independently is unsubstituted or substituted (by one or more Rs), aromatic
or non-aromatic, saturated or unsaturated, straight chain or branched
chain, cyclic (including mono- and poly-cyclic, fused and non-fused
polycyclic) or acyclic, or a combination of two or more thereof; and each
heterohydrocarbon is the same as or different from another
heterohydrocarbon radical and diradical, respectively. Preferably, a
(C1-C4o)heterohydrocarbyl independently is unsubstituted or substituted
(Ci-C4Q)heteroalkyl, (C2-C4Q)heterocycloalkyl, (C2 -C4o)heterocycloalkyl-(C
1 -C2 o)alkylene, (C3-C4Q)cycloalkyl-(C -C2 o)heteroalkylene, (C2
-C4Q)heterocycloalkyl-(C - C2 o)heteroalkylene, (C -C4 Q)heteroaryl,
(C^C^heteroaryHC^C^alkylene, (Cg- C2 ^aTyI-(C 1 -C2 o)heteroalkylene, or
(C^C^heteroaryHC^C^heteroalkylene. More preferably, a
(C1-C4o)heterohydrocarbyl independently is unsubstituted or substituted (C1
- C2o)heterohydrocarbyl, e.g., (C -C2o)heteroalkyl,
(C2-C2Q)heterocycloalkyl, (C2 -C2 o)heterocycloalkyl-(C 1 -C2 o)alkylene,
(C3-C2 ())cycloalkyl-(C -C2Q)heteroalkylene, (C2-C2 ())heterocycloalkyl-(C
-C2Q)heteroalkylene, (C -C2Q)heteroaryl, (C -C2Q)heteroaryl- (C -C2
o)alkylene, (C6 -C2o)aryl-(C -C2 o)heteroalkylene, or (C -C2
O)HeIeTOaTyI-(C - C2o)n e teroalkylene. Still more preferably, a
(C1-C4o)heterohydrocarbyl independently is unsubstituted or substituted
(C^C^heterohydrocarbyl, e.g., (C^C^heteroalkyl, (C - C1 )heterocycloalkyl,
(C2 -C 12 )heterocycloalkyl-(C 1 -C6 )alkylene, (C3-C 12 )cycloalkyl-(C 1 -
C )heteroalkylene, (C2 -C 12 )heterocycloalkyl-(C 1 -C )heteroalkylene, (C1
-C12 )heteroaryl,(C1-C12 )heteroaryl-(C 1-C6 )alkylene, (C6 -C18 )aryl-(C 1
-C6 )heteroalkylene, or (C1- C12)heteroaryl-(C 1-C^)heteroalkylene.
Preferably, any (C2-C 1g)heterocycloalkyl independently is unsubstituted or
substituted (C2-Cg)heterocycloalkyl. Examples of (C1-C4Q)heteroalkyl and
(C1-C2Q)heteroalkylene are saturated straight or branched chain radical or
diradical, respectively, of from 1 to 40 or 1 to 20 carbon atoms,
respectively, and one or more of the heteroatoms Si(Rc )2 , P(RP), N(RN),
N, O, S, S(O), and S(O)2 as defined above, wherein the (C1-C4Q)heteroalkyl
and (C1-C2o)heteroalkylene independently are unsubstituted or substituted
by one or more Rs . Examples of unsubstituted (C2-C4Q)heterocycloalkyl are
unsubstituted (C2- C2())heterocycloalkyl, unsubstituted (C2-C
1Q)heterocycloalkyl, aziridin-1-yl, oxetan-2-yl, tetrahydrofuran-3-yl,
pyrrolidin-1-yl, tetrahydrothiophen-S,S-dioxide-2-yl, morpholin-4-yl, 1,4-
dioxan-2-yl, hexahydroazepin-4-yl, 3-oxa-cyclooctyl, 5-thia-cyclononyl, and
2-aza-cyclodecyl. Examples of unsubstituted (C1-C4Q)heteroaryl are
unsubstituted (C 1-C2Q)heteroaryl, unsubstituted (C^C^heteroaryl, pyrrol-
1-yl; pyrrol-2-yl; furan-3-yl; thiophen-2-yl; pyrazol- 



1-yl; isoxazol-2-yl; isothiazol-5-yl; imidazol-2-yl; oxazol-4-yl;
thiazol-2-yl; 1,2,4-triazol-l-yl; l,3,4-oxadiazol-2-yl;
l,3,4-thiadiazol-2-yl; tetrazol-1-yl; tetrazol-2-yl; tetrazol-5-yl;
pyridine-2- yl; pyrimidin-2-yl; pyrazin-2-yl; indol-1-yl;
benzimidazole-1-yl; quinolin-2-yl; and isoquinolin- 1-yl. The term "halo"
means fluoro (F), chloro (Cl), bromo (Br), or iodo (I) radical. Preferably,
halo is fluoro or chloro, more preferably fluoro. Preferably, there are no
O-O, S-S, or O-S bonds, other than O-S bonds in an S(O) or S(O)2 diradical
functional group, in the metal-ligand complex of formula (I). Preferably,
each substituted (C1-C4Q)hydrocarbyl excludes and is different than
unsubstituted or substituted (C1-C4Q)heterohydrocarbyl (i.e., each
substituted (C1- C4Q)hydrocarbyl is as defined in the first embodiment,
wherein the substituted (C1- C4Q)hydrocarbyl is not an unsubstituted or
substituted (C1-C4Q)heterohydrocarbyl); preferably, each substituted
(C1-C4Q)hydrocarbylene excludes and is different than unsubstituted or
substituted (C1-C4Q)heterohydrocarbylene; and more preferably a combination
thereof. The term "saturated" means lacking carbon-carbon double bonds,
carbon-carbon triple bonds, and (in heteroatom-containing groups)
carbon-nitrogen, carbon-phosphorous, and carbon-silicon double bonds. Where
a saturated chemical group is substituted by one or more substituents Rs ,
one or more double and/or triple bonds optionally may or may not be present
in substituents Rs . The term "unsaturated" means containing one or more
carbon-carbon doublebonds, carbon-carbon triple bonds, and (in
heteroatom-containing groups) carbon-nitrogen, carbon-phosphorous, and
carbon-silicon double bonds, not including any such double bonds that may
be present in substituents Rs , if any, or in (hetero)aromatic rings, if
any. Some embodiments contemplate a trivalent or tetravalent analog of a
diradical group. As applied to the diradical group, the term "trivalent or
tetravalent analog" respectively means a triradical or tetraradical that is
formally derived by abstracting one or two hydrogen atoms, respectively,
from the diradical group. Preferably, each abstracted hydrogen atom
independently is taken from a C-H functionality. A trivalent analog is
preferred over a tetravalent analog. In some embodiments, at least one,
more preferably at least two, still more preferably all of R to R , X, L,
LQ, and LR independently are unsubstituted (i.e., lack substituents Rs). In
other embodiments, each substituent Rs independently is a (C -C^alkyl, and
more preferably a (Cr C5 )alkyl. In other embodiments, the metal-ligand
complex of formula (I) is as described in the first embodiment, except
wherein one radical group (e.g., (Ci-C4Q)hydrocarbylC(O)O-, (
1-C4o)hydrocarbyl, and (Ci-C4Q)hydrocarbylene) is deleted from the
definitions of any one of R1 to R5 , L, LQ (when LQ is L) and LR (when LR
is L). The term "solvent" means a liquid suitable, preferably aprotic, that
is compatible with the process of any one of the fourth and fifth
embodiments and, optionally, the third embodiment. Suitable solvents
include aliphatic and aromatic hydrocarbons, ethers, and cyclic ethers,
particularly branched-chain hydrocarbons such as isobutane, butane,
pentane, hexane, heptane, octane, and mixtures thereof; cyclic and
alicyclic hydrocarbons such as cyclohexane, cycloheptane,
methylcyclohexane, methylcycloheptane, and mixtures thereof; benzene and (C
-C^alkyl-substituted benzenes such as toluene and xylene; (C -C^alkyl-CHC
-C^alkyl; such as tetrahydrofuran, tetrahydropyran, and 1,4-dioxane; (C -
C^)alkyl ethers of (poly)alkylene glycols; and mixtures of the foregoing.
Activating co-catalyst The metal-ligand complexes of formula (I) are
rendered catalytically active by contacting them to, or combining them
with, an activating co-catalyst or by using an activating technique such as
those that are known in the art for use with metal (e.g., Group 4) olefin 



polymerization reactions. Suitable activating co-catalysts for use herein
include alkyl aluminums; polymeric or oligomeric alumoxanes (also known as
aluminoxanes); neutral Lewis acids; and non-polymeric, non-coordinating,
ion-forming compounds (including the use of suchcompounds under oxidizing
conditions). A suitable activating technique is bulk electrolysis
(explained in more detail hereinafter). Combinations of one or more of the
foregoing activating co-catalysts and techniques are also contemplated. The
term "alkyl aluminum" means a monoalkyl aluminum dihydride or
monoalkylaluminum dihalide, a dialkyl aluminum hydride or dialkyl aluminum
halide, or a trialkylaluminum. Aluminoxanes and their preparations are
known at, for example, United States Patent Number (USPN) US 6,103,657.
Examples of preferred polymeric or oligomeric alumoxanes are
methylalumoxane, triisobutylaluminummodified methylalumoxane, and
isobutylalumoxane. Preferred Lewis acid activating co-catalysts are Group
13 metal compounds containing from 1 to 3 hydrocarbyl substituents as
described herein. More preferred Group 13 metal compounds are
tri(hydrocarbyl)-substituted-aluminum or tri(hydrocarbyl) -boron compounds,
still more preferred are tri((C2-C2Q)alkyl)aluminum or compounds and
halogenated (including perhalogenated) derivatives thereof, even more
especially tris(fluorosubstituted phenyl)boranes, still even more
especially tris(pentafluorophenyl)borane. Preferred combinations of neutral
Lewis acid activating co-catalysts include mixtures comprising a
combination of a tri((C -C4)alkyl)aluminum and a halogenated tri((C^- C
g)aryl)boron compound, especially a tris(pentafluorophenyl)borane. Also
preferred are combinations of such neutral Lewis acid mixtures with a
polymeric or oligomeric alumoxane, and combinations of a single neutral
Lewis acid, especially tris(pentafluorophenyl)borane with a polymeric or
oligomeric alumoxane. Preferred ratios of numbers of moles of (metal-ligand
complex) :(tris(pentafluoro-phenylborane): (alumoxane) [e.g., (Group 4
metal-ligand complex):(tris(pentafluoro-phenylborane):(alumoxane)] are from
1:1:1 to 1:10:30, more preferably from 1:1:1.5 to 1:5:10. Many activating
co-catalysts and activating techniques have been previously taught with
respect to different metal-ligand complexes in the following USPNs: US
5,064,802; US 5,153,157; US 5,296,433; US 5,321,106; US 5,350,723; US
5,425,872; US 5,625,087; US 5,721,185; US 5,783,512; US 5,883,204; US
5,919,983; US 6,696,379; and US 7,163,907. Examples of suitable
hydrocarbyloxides are disclosed in US 5,296,433. Examples of suitable
Bronsted acid salts for addition polymerization catalysts are disclosed in
US 5,064,802; US 5,919,983; US 5,783,512. Examples of suitable salts of a
cationic oxidizing agent and a noncoordinating, compatible anion as
activating co-catalysts for addition polymerization catalysts are disclosed
in US 5,321,106. Examples of suitable carbenium salts as activating
co-catalysts for addition polymerization catalysts are disclosed in US
5,350,723. Examples of suitable silylium salts as activating co-catalysts
for addition polymerization catalysts are disclosed in US 5,625,087.
Examples of suitable complexes of alcohols, mercaptans, silanols, and
oximes with tris(pentafluorophenyl)borane are disclosed in US 5,296,433.
Some of these catalysts arealso described in a portion of USPN US 6,515,155
Bl beginning at column 50, at line 39, and going through column 56, at line
55, only the portion of which is incorporated by reference herein. In some
embodiments, one or more of the foregoing activating co-catalysts are used
in combination with each other. An especially preferred combination is a
mixture of a tri((Ci - C4)hydrocarbyl)aluminum, or an ammonium borate with
an oligomeric or polymeric alumoxane compound. The ratio of total number of
moles of one or more metal-ligand complexes of formula (I) to total number
of moles of one or more activating co-catalyst is from 1:10,000 to 100:1.
Preferably, the ratio is at least 1:5000, more preferably at least 1:1000;
and 10: 1 or less, more preferably 1:1 or less. When an alumoxane alone is
used as an activating co-catalyst, 



preferably the number of moles of the alumoxane that are employed is at
least 100 times the number of moles of the metal-ligand complex of formula
(I). When tris(pentafluorophenyl)borane alone is used as an activating
co-catalyst, preferably the number of moles of the
tris(pentafluorophenyl)borane that are employed to the total number of
moles of one or more metal-ligand complexes of formula (I) form 0.5:1 to
10:1, more preferably from 1:1 to 6:1, still more preferably from 1:1 to
5:1. The remaining activating co-catalysts are generally employed in
approximately mole quantities equal to the total mole quantities of one or
more metal-ligand complexes of formula (I). Metal-ligand Complexes of
formula (I) The metal-ligand complex of formula (I) may exist as an
isolated crystal(s), optionally in substantially pure form (i.e., greater
than 90%), or as a mixture with one or more other metal-ligand complexes of
formula (I); in the form of a solvated adduct, optionally in a solvent,
especially an organic liquid, preferably an aprotic solvent; in the form of
a dimer; or in the form of a chelated derivative thereof, wherein the
chelated derivative comprises the metal-ligand complex of formula (I) and a
chelating agent. Preferably, the chelating agent is an organic Lewis base
(e.g., an aprotic organic solvent such as tetrahydrofuran (THF) or an
aprotic amine base such as triethylamine). In some embodiments, a reducing
agent is employed to produce lower oxidation state (e.g., +2) metal-ligand
complexes of formula (I) from higher oxidation state (e.g., +4) metalligand
complexes of formula (I). By the term "reducing agent" herein is meant a
metal reducing agent or reducing agent compound which, under reducing
conditions, causes the metal, M, to be reduced from a higher to a lower
oxidation state (e.g., from a +6 formal oxidation state to a +4 formal
oxidation state). Examples of suitable metal reducing agents are alkali
metals, alkaline earth metals, aluminum and zinc, and alloys of alkali
metals or alkalineearth metals such as sodium/mercury amalgam and
sodium/potassium alloy. Examples of suitable reducing agent compounds are
sodium naphthalenide, potassium graphite, lithium alkyls, lithium or
potassium alkadienyls, and Grignard reagents (e.g., alkyl magnesium
halides). Most preferred reducing agents are the alkali metals or alkaline
earth metals, especially lithium and magnesium metal. Suitable techniques
that may be adapted by an ordinarily skilled artisan for preparing the
metal-ligand complexes of the present invention are known and preferably
are derived from techniques taught, for example, in (USPNs US 5,866,704; US
5,959,047; and US 6,268,444. In some more preferred embodiments of the
metal-ligand complex of formula (I), M is tetravalent titanium. In other
embodiments, M is tetravalent zirconium. In still other embodiments, M is
hafnium. Preferably, the metal-ligand complex of formula (I) is in an
isolated form, which means being substantially solvent-free, for example,
contains 10 percent by weight or less of a total of any solvent(s) used in
a preparation thereof and the metal-ligand complex of formula (I) being at
least 70% by weight of the isolated form. Still more preferably, the
metal-ligand complex of formula (I) is in an isolated and purified form
(i.e., the metal-ligand complex of formula (I) being substantially
solvent-free and comprising at least 80% by weight, more preferably at
least 90% by weight, of the purified form. As used herein, percent by
weight is based on the total weight of a form or mixture. Preferably, the
weight percent of the metal-ligand complex of formula (I) in such mixtures
is determined using 13-carbon or proton nuclear magnetic resonance (13C- or
1H-NMR, respectively) spectroscopy. In some embodiments, X is absent from
the metal-ligand complex of formula (I). In some embodiments, preferably X
is the neutral Lewis base group that is RXNRKRL, RKORL, RKSRL, or RXPRKRL.
When X is the neutral Lewis acid group, more preferably each Rx , Rk, and
RL independently is hydrogen, (C -C4Q)hydrocarbyl, [(C -C^hydrocarbylJ^Si, 



[(C -C o)hydrocarbyl]3Si(C -C Q)hydrocarbyl, or (C -C4Q)heterohydrocarbyl.
In some embodiments, L and at least one of LQ and LR are present. In such
embodiments, the L and at least one of LQ and LR are the same. In other
such embodiments, at least one of the L and at least one of LQ and LR are
different. In some embodiments, preferred is the metal-ligand complex of
formula (I) wherein j is 1; and n is 1; and, more preferably, R and R are
taken together to form a (Ci-C4o)hydrocarbylene or (C
-C4Q)heterohydrocarbylene. More preferably, R and R are taken together to
form a or (C -C4)heterohydrocarbylene, still more preferably
(C2-C^)hydrocarbylene, and preferably each of R and R independently isand
still more preferably In such embodiments, preferably R2 is H or (C -C a
yl, more preferably H or CH . More preferred is a metal-ligand complex of
formula (I-A): wherein each R3 4 independently is C(R3 5 )2 , O, S, S(O),
S(O) 2 , N(RN), Si(Rc )2 , or P(RP), wherein each R independently is H or
(C -C2o)hydrocarbyl, and each RN, Rc , and Rp independently is (Ci-C 2
o)hydrocarbyl, and M, L, LQ, LR, X, R , R and R are as defined for the
metal-ligand complex of formula (I). Still more preferred, each R is CH .
Also still more preferred, the inner of the three R is O or N(RN) and the
outer R are each CH (i.e., =C(R2 )-R3 4 -R3 4 -R3 4 - is =C(R2 )-CH2 -O-CH2
- or =C(R2 )-CH2 -N(RN)-CH2 -). Also preferred is the metal-ligand complex
of formula (I-A), wherein X is absent. Also preferred is the metalligand
complex of formula (I-A), wherein R is taken together with an Rk of X to
form a (C -C2 Q)hydrocarbylene. Also preferred is the metal-ligand complex
of formula (I-A), wherein R or R is taken together with an RL of L to form
a (C -C2 Q)hydrocarbylene. Also preferred is the metal-ligand complex of
formula (I-A), wherein R or R and L are taken together to form a diradical
moiety (C -C4Q)hydrocarbylene-C(O)N((C2-C 2 Q)hydrocarbyl), (
1-C4o)hydrocarbylene-C(0)0-, (Ci-C4Q)hydrocarbylene, or
(Ci-C4o)heterohydrocarbylene, more preferably R and L are said taken
together, still more preferably R and L are said taken together. Also more
preferred is a metal-ligand complex of formula (I-B):wherein each R-
independently is as defined above for R- o f formula (I-A) and M, L, LQ,
LR, X, R , R2 and R are as defined for the metal-ligand complex of formula
(I). Still more preferred, the topmost of the two R- is O or N(RN) and the
bottommost R- is CH2 (i.e., =C(R2 )-R3 4 -R34 - is =C(R2 )-O-CH2 - or =C(R2
)-N(RN)-CH2 -)- Still more preferred each R3 4 is CH . Also preferred is
the metal-ligand complex of formula (I-B), wherein X is absent. Also
preferred is the metal-ligand complex of formula (I-B), wherein R is taken
together with an Rk of X to form a (C -C2 o)hydrocarbylene. Also preferred
is the metal-ligand complex of formula (I-B), wherein R or R is taken
together with an RL of L to form a (C -C2 Q)hydrocarbylene. Also preferred
is the metal-ligand complex of formula (I-B), wherein R or R and L are
taken together to form a diradical moiety (C -C4Q)hydrocarbylene- C(O)N((C
1-C2 0 )hydrocarbyl), (C1-C4 0 )hydrocarbylene-C(O)O-, (C1-C4 0
)hydrocarbylene, or (Ci-C4o)heterohydrocarbylene, more preferably R and L
are said taken together, still more preferably R and L are said taken
together. Also more preferred is a metal-ligand complex of formula (I-C):
XA wherein each - is absent or is a pi-bond and each R independently is as
defined above for R3 4 of formula (I-A) and M, L, LQ, LR, X, R1, R2 and R5
are as defined for the metal-ligand complex of formula (I). Still more
preferred, each - is absent and R3 is CH2 . Also more preferred is a
metal-ligand complex of formula (I-D): XA wherein each - is absent or is a
pi-bond and R is absent or independently is as defined above for R34 of
formula (I-A) and M, L, LQ, LR, X, R1, R2 and R5 are as defined for
themetal-ligand complex of formula (I). Still more preferred each - is a
pi-bond and R- is O or N(RN) . Also still more preferred, each - is absent
and R- is CH2 or is absent. Also more preferred is a metal-ligand complex
of formula (I-E): 



wherein each - is a pi-bond or is absent and M, L, LQ, LR, X, R , R and R
are as defined for the metal-ligand complex of formula (I). In some
embodiments, each - is a pi-bond, in others each - is absent. Also more
preferred is a metal-ligand complex of formula (I-F): wherein M, L, LQ, LR,
X, R1, R2 and R are as defined for the metal-ligand complex of formula (I).
In some embodiments, preferred is the metal-ligand complex of formula (I)
wherein j is 1; n is 1; R , R , and R independently are taken together to
form a trivalent analog of (Ci -C4o)hydrocarbylene or and M, L, LQ, LR, X,
R , and R2 are as defined for the metal-ligand complex of formula (I). More
preferred is a metal-ligand complex of formula (I-G) : wherein M, L, LQ,
LR, X, R1, and R2 are as defined for the metal-ligand complex of formula
(I). In some embodiments, preferred is the metal-ligand complex of formula
(I) wherein j is 1; n is 1; R and R are each H or (C -C4Q)hydrocarbyl,
preferably H or (C -C^hydrocarbyl;and M, L, LQ, LR, X, R , R , and R are as
defined for the metal-ligand complex of formula (I). More preferred is a
metal-ligand complex of formula (I-H): wherein R and R are each H or (C1-C4
0 )hydrocarbyl, preferably H or (Cr C3)hydrocarbyl, and M, L, LQ, LR, X, R1
, R4 and R are as defined for the metal-ligand complex of formula (I).
Preferably, each of R to R independently is H or (C -C2o)hydrocarbyl, more
preferably, H or (C -C^alkyl, still more preferably and even more
preferably, methyl. Also preferably, R and R are taken together to form a
(C2-C2Q)hydrocarbylene or (C2-C2 o)heterohydrocarbylene. Also more
preferably, R is (C -C2 o)alkyl (e.g., 1-octyl). Also more preferably, R
and R are taken together to form a (C^-C^alkylene, still more preferably
(C3 or C^alkylene, even more preferably CH2CH2CH2 or CH2CH2CH2CH2 . In some
embodiments, preferred is the metal-ligand complex of formula (I) wherein j
is 1; n is 2; R and R of each n moiety are independently taken together to
form a (C1-C4o)hydrocarbylene or (Ci-C4Q)heterohydrocarbylene; and M, L,
LQ, LR, X, R , R , and R are as defined for the metal-ligand complex of
formula (I). More preferred is a metal-ligand complex of formula (I-I),
still more preferably of formula (I-Il):wherein each M, X, L, LR, and R to
R independently are as defined for the metal-ligand complex of formula (I),
each r independently is an integer of 1 or 2 and each R-' independently is
as defined above for R- o f formula (I-A). Even more preferred each r is 1
and each R- is CH2 . Also still more preferred, each r is 2 and each R- is
CH2. Also still more preferred, each r is 2, the inner one of the three R-
is O or N(RN), and the two outer Rare each CH2. Still more preferred, each
R independently is (Ci-C4Q)hydrocarbyl. Also still more preferably, each R
independently is (Ci-C 2 Q)hydrocarbyl. Also still more preferred, both R
groups are taken together to form a (Ci-C4Q)hydrocarbylene. Also still more
preferably both R groups are taken together to form a 1,2-(C -Cig)arylene;
1,2- (C3 -C2 o)cycloalkylene; or l,2-(C 1-C10 )alkylene. Preferably, the
1,2-(C6 -C 18)arylene is a 1,2- phenylene; the 1,2-(C3-C2 o)cycloalkylene
is a 1,2-cyclopentylene or 1,2-cyclohexylene; and I the l,2-(C r C10
)alkylene is a -CH2CH2 - or -CH 2CHCH 3 . In some embodiments, preferred is
the metal-ligand complex of formula (I) wherein j is 2; n is 2; and each M,
L, LQ, LR, X, and R to R independently are as defined for the metalligand
complex of formula (I). More preferred is a metal-ligand complex of formula
(I-J): wherein R is (Ci-C4Q)hydrocarbylene or (Ci-C4Q)heterohydrocarbylene,
more preferably (C1-C4o)hydrocarbylene, and each M, L, L , L , X, and R to
R5- independently are as definedfor the metal-ligand complex of formula
(I). Preferably each R independently is (C -C aryl or (C^-C^alkyl, more
preferably (C^-C^alky!; and R is (C2 -Cio)alkylene or 



(C^-C^arylene, more preferably a 1,4-phenylene or 4,4'-biphenylene (e.g.,
2,6,2',6'- tetrakis(l-methylethyl)-4,4'-biphenylene). Also more preferred
is a metal-ligand complex of formula (I-K): wherein R is
(Ci-C4Q)hydrocarbylene or (Ci-C4Q)heterohydrocarbylene, more preferably (
1-C4Q)hydrocarbylene, and each M, L, LQ, LR, X, and R to R independently
are as defined for the metal-ligand complex of formula (I). Preferably each
R independently is (C -C aryl or (C^-C^alkyl, more preferably a phenyl; and
R- is (C2 -Cio)alkylene or (C^-C^arylene, more preferably CH2CH2CH2CH2 .
More preferred is the metal-ligand complex of any one of formulas (I) and
(I-A) to (IK), wherein each of R (except for formula (1-J)) and R (except
for formulas (I-G) and (I-K)) independently is (C -C ^hydrocarbyl, more
preferably (C -C^alkyl, (C^-C^cycloalkyl, or (C^)aryl. In such embodiments,
preferably, R is H or (C -C Q)alkyl, more preferably H or CH . Also more
preferred is the metal-ligand complex of any one of formulas (I) and (I-A)
to (I-I) and (I-K) wherein R is (C -C4Q)hydrocarbyl, still more preferably
R is (C -C2 Q)hydrocarbyl and optionally X is absent. Also more preferred
is the metal-ligand complex of any one of formulas (I) and (I-A) to (I-I)
and (I-K), wherein R is (C -C4Q)heterohydrocarbyl, still more preferably R
is (C -C2 Q)heterohydrocarbyl and optionally X is absent. In still other
embodiments, R1 and an RKof X are taken together to forma
(Ci-C4Q)hydrocarbylene or (Ci-C4Q)heterohydrocarbylene, more preferably R
and an Rk of X are taken together to form a (C -C2())hydrocarbylene or (C
-C2())heterohydrocarbylene. In still other embodiments, R and an RL of L
are taken together to form a ( 1-C4o)hydrocarbylene or
(Ci-C4Q)heterohydrocarbylene, more preferably R and an RL of L are taken
together to form a (Ci-C2 ())hydrocarbylene or (Ci-C2
())heterohydrocarbylene and optionally X is absent. Also more preferred is
the metal-ligand complex of any one of formulas (I) and (I-A) to (I-F),
(I-H), and (I-J), wherein R is (C -C4Q)hydrocarbyl, still more preferably R
is (C -C2o)hydrocarbyl and optionally X is absent. Also more preferred is
the metal-ligand complex of any one of formulas (I) and (I-A) to (I-F),
(I-H), and (I-J), wherein R is (C -C4Q)heterohydrocarbyl, still more
preferably R is (C -C2())heterohydrocarbyl and optionally X is absent. In
still other embodiments, RJ and an R of X are taken together to form a (C
-C4Q)hydrocarbylene or (C -C4Q)heterohydrocarbylene, more preferably R and
an Rk of X are taken together to form a (Ci-C2 ())hydrocarbylene or
(Ci-C2o)heterohydrocarbylene. n still other embodiments, R and an RL of L
are taken together to form a (Ci-C4o)hydrocarbylene or (C
-C4Q)heterohydrocarbylene, more preferably R and an RL of L are taken
together to form a (C -C2())hydrocarbylene or (C -C2())heterohydrocarbylene
and optionally X is absent. Even more preferred, R is 1-butyl, 2-propyl,
1,1-dimethylethyl, benzyl, phenyl, cyclohexyl, l-methyl-piperidin-4-yl,
3-(N,N-dimethylamino)-propyl, 1,1- dimethylethylamino, or pyrrol- 1-yl.
Still more preferred is the metal-ligand complex of any one of formulas (I)
and (I-A) to (I-K), wherein R and R each independently are (C
-C4Q)hydrocarbyl, even more preferably R and R each independently are
(Ci-C2 ())hydrocarbyl and optionally X is absent. Also still more preferred
is the metal-ligand complex of any one of formulas (I) and (I-A) to (I-K),
wherein one of R and R is taken together with an Rk of X to form a (C
-C2())hydrocarbylene or (C -C2())heterohydrocarbylene and the other of R
and R is (C -C2())hydrocarbyl or (C -C2o)heterohydrocarbyl. Also still more
preferred is the metal-ligand complex of any one of formulas (I) and (I-A)
to (I-K), wherein one of R and R is taken together with an RL of Lto form a
(Ci-C2 ())hydrocarbylene or (Ci-C2 ())heterohydrocarbylene and the other of
R and R is (Ci-C2o)hydrocarbyl or (Ci-C2 ())heterohydrocarbyl. In any one
of the metal-ligand complexes of formulas (I) and (I-A) to (I-K),
especially 



preferred is one of R (except for formula (1-J)) and R (except for formulas
(I-G) and (1-K)) is a first group that is 2,6-bis(di(C2-C 4
)alkyl-amino)phenyl; 2,6-dinitrophenyl; 2,6-di((C - C4 )alkyloxy)phenyl;
2-(C r C4 )alkyl-phenyl; 2,6-di(C r C4 )alkyl-phenyl; 3,5-di(C r C4
)alkylphenyl; 2,4,6-tri(C2-C 4 )alkyl-phenyl; biphenyl-2-yl;
2,6-diphenylphenyl; 3,5-diphenylphenyl; 2,4,6-triphenylphenyl;
3,5-bis(2,6-bis[(C2-C 4 )alkyl]phenyl)phenyl; 2,6-di(l-naphthyl)phenyl;
3,5-di(l-naphthyl)phenyl; cyclohexyl; diphenylmethyl; or trityl; wherein
each (C -C4 )alkyl independently is methyl, ethyl, 1-propyl, 1-methylethyl,
1-butyl, 2-butyl, 2-methylpropyl, or 1,1-dimethylethyl. Also especially
preferred is the metal-ligand complex wherein one of R (except for formula
(1-J)) and R (except for formulas (I-G) and (1-K)) is a second group that
is (Ci-C2o)alkyl (e.g., 1-butyl, 2-propyl, 1,1-dimethylethyl, and 1-octyl),
benzyl, phenyl, cyclohexyl, l-methyl-piperidin-4-yl, 3-(N,N-di((Ci-C 4
)alkyl)amino)-propyl, (C - C4 )alkyl-amino, or pyrrol- 1-yl. Even more
preferred is the metal-ligand complex wherein one of R and R is as defined
for the first group and the other of R and R is as defined for the second
group. More preferred is the metal-ligand complex of any one of formulas
(I) and (I-A) to (IK), wherein each of L, LQ and LR independently is
(C^-C^alky!, trimethylsilylmethyl, or benzyl; or L is (C^-C^alkyl,
trimethylsilylmethyl, or benzyl and LQ and LR are taken together to form
(RD)2 C=C(RD)-C(RD)=C(RD)2, wherein each RD independently is H,
unsubstituted (C^-C^alkyl, phenyl, or naphthyl. More preferred is the
metal-ligand complex of any one of formulas (I-A) to (I-D), wherein each R
independently is C(R )2 a n d each > is H or methyl. Also more preferred is
the metal-ligand complex of formula (I), wherein one R-' is O or N(RN) and
the remaining R , if any, independently are C(R )2 a n d each > is H or
methyl. In the above embodiments of metal-ligand complex of any one of
formulas (I) and (IA) to (I-K), more preferably at least one (Ci-C 4
Q)heterohydrocarbyl is 2- [((C 1-C5 )alkyl)2NCH2 ]-(C6 -C18 )aryl, still
more preferably 2-[((C 1-C5 )alkyl)2NCH2 ]-phenyl;at least one (C1-C4 0
)heterohydrocarbylene is 2-[((C r C5)alky IN)CH 2]-(C 6-C18)aryl , still I
more preferably 2-[((C 1-C5)alkylN)CH 2]-phenyl ; or at least one (C1-C4 0
)hydrocarbylene is 2-methylphenyl. Still more preferred is the metal-ligand
complex of formula (I) of any one of formulas (I-Al), (I-A2), (I-A3),
(I-A4), (I-A5), (I-Bl), (I-B2), (I-B3), (I-B4), (I-B5), (I-B6), (I-B7),
(IB8), (I-Cl), (I-C2), (I-C3), (I-Dl), and (I-D2):METHOD AND APPARATUS FOR
MAKING DISPOSABLE ABSORBENT ARTICLE WITH ABSORBENT PARTICULATE POLYMER
MATERIAL AND ARTICLE MADE THEREWITH FIELD OF THE INVENTION The present
invention generally relates to an absorbent article and a method and
apparatus for making an absorbent article, and more particularly to a
method and apparatus for making a disposable absorbent article with
absorbent particulate polymer material, such as a diaper. BACKGROUND OF THE
INVENTION Absorbent articles, such as disposable diapers, training pants,
and adult incontinence undergarments, absorb and contain body exudates.
They also are intended to prevent body exudates from soiling, wetting, or
otherwise contaminating clothing or other articles, such as bedding, that
come in contact with the wearer. A disposable absorbent article, such as a
disposable diaper, may be worn for several hours in a dry state or in a
urine loaded state. Accordingly, efforts have been made toward improving
the fit and comfort of the absorbent article to the wearer, both when the
article is dry and when the article is fully or partially loaded with
liquid exudate, while maintaining or enhancing the absorbing and containing
functions of 



the article. Some absorbent articles, like diapers, contain an absorbent
polymer material (also known as super absorbent polymer), such as an
absorbent particulate polymer material. Absorbent particulate polymer
material absorbs liquid and swells and may be more effective when disposed
in an absorbent article in a certain pattern or arrangement intended for
optimal absorbency, fit, and/or comfort. Thus, it may be desirable for
absorbent particulate polymer material to remain in its intended location
in an absorbent article and absorbent particulate polymer material,
therefore, is desirably immobilized in the absorbent article such that the
absorbent particulate polymer material remains immobilized when the
absorbent article is dry and when it is wet. In addition to being
absorbent, absorbent articles, such as diapers, may desirably be thin and
flexible, for ease and comfort in use and for more convenient and neat
packaging and storage. Absorbent articles, which may often be used in large
quantities, may also desirably beinexpensive. Some technologies of
immobilizing absorbent particulate polymer material in an absorbent article
add bulk to the absorbent article and thereby increase thickness, reduce
flexibility, and/or increase cost of the absorbent article. Other
technologies for immobilizing absorbent particulate polymer material in an
absorbent article may not be as effective in maintaining immobilization
when the absorbent article is in the wet state as when in the dry state.
Accordingly, there remains a need for a thin, flexible, and/or inexpensive
absorbent article containing absorbent particulate polymer material with
enhanced immobilization of the absorbent particulate polymer material in
the article in dry and wet states. SUMMARY OF THE INVENTION The present
invention addresses one or more technical problems described above and
provides a method for making a disposable absorbent article which may
comprise depositing absorbent particulate polymer material from a plurality
of reservoirs in a printing roll onto a substrate disposed on a grid of a
support which includes a plurality of cross bars extending substantially
parallel to and spaced from one another so as to form channels extending
between the plurality of cross bars. The plurality of reservoirs in the
first peripheral surface may be arranged in an array comprising rows
extending substantially parallel to and spaced from one another. The
support and printing roll may be arranged such that the plurality of cross
bars are substantially parallel to the rows of the plurality of reservoirs
and the absorbent particulate polymer material is deposited on the
substrate in a pattern such that the absorbent particulate polymer material
collects in rows on the first substrate formed between the first plurality
of cross bars. A thermoplastic adhesive material may be deposited on the
absorbent particulate polymer material and the substrate to cover the
absorbent particulate polymer material on the substrate and form an
absorbent layer. According to another aspect of this invention, an
apparatus for making a disposable absorbent article may comprise an
absorbent particulate polymer material feeder, a support comprising a grid,
a printing roll, and a thermoplastic adhesive material applicator. The
support may comprise a grid including a plurality of cross bars extending
substantially parallel to and spaced from one another so as to form
channels extending between the plurality of cross bars. The printing roll
may be structured for receiving absorbent particulate polymer material from
the absorbent particulate polymer material feeder and have a peripheral
surface and a plurality of reservoirs in the peripheral surface arranged in
an array comprising rows extending substantiallyparallel to and spaced from
one another. The support and printing roll may be arranged such that the
plurality of cross bars are substantially parallel to the rows of the
plurality of reservoirs in the peripheral surface, so that, when the
printing roll rotates, the plurality of reservoirs roll receive absorbent
particulate polymer material from the absorbent particulate polymer
material feeder and deposit the absorbent particulate polymer material on
the substrate in a pattern such that the absorbent particulate polymer
material collects in rows on the substrate formed between 



the plurality of cross bars. The thermoplastic adhesive material applicator
may apply thermoplastic adhesive material applicator on the absorbent
particulate polymer material and the substrate to cover the absorbent
particulate polymer material on the substrate and form an absorbent layer.
According to yet another aspect of this invention, a disposable absorbent
article may comprise a chassis, including a topsheet and a backsheet, and a
substantially cellulose free absorbent core located between the topsheet
and the backsheet. The absorbent core may have a longitudinal axis, and may
include first and second absorbent layers. The first absorbent layer may
include a first substrate and the second absorbent layer including a second
substrate. The first and second absorbent layers may further include
absorbent particulate polymer material deposited on the first and second
substrates and thermoplastic adhesive material may cover the absorbent
particulate polymer material on the respective first and second substrates.
The absorbent particulate polymer material may be deposited on the first
and second substrates in respective patterns and each pattern may comprise
rows of the absorbent particulate polymer material spaced from one another
extending substantially perpendicular to the longitudinal axis and junction
areas extending in between the rows and substantially perpendicular to the
longitudinal axis. The first and second absorbent layers may be combined
together such that at least a portion of said thermoplastic adhesive
material of the first absorbent layer contacts at least a portion of the
thermoplastic adhesive material of the second absorbent layer, the
absorbent particulate polymer material may be disposed between the first
and second substrates in an absorbent particulate polymer material area,
the absorbent particulate polymer material may be substantially
continuously distributed across the absorbent particulate polymer material
area, and the respective patterns may be offset from one another so that
the rows of both patterns are substantially parallel to one another and the
rows of each pattern fit between the rows of the other of the patterns.
Other features and advantages of the invention may be apparent from reading
the following detailed description, drawings, and claims.BRIEF DESCRIPTION
OF THE DRAWINGS Fig. 1 is a plan view of a diaper in accordance with an
embodiment of the present invention. Fig. 2 is a cross sectional view of
the diaper shown in Fig. 1 taken along the sectional line 2-2 of Fig. 1.
Fig. 3 is a partial longitudinal cross sectional view of an absorbent core
layer in accordance with an embodiment of this invention. Fig. 4 is a
partial longitudinal cross sectional view of an absorbent core layer in
accordance with another embodiment of this invention. Fig. 5 is a plan view
of the absorbent core layer illustrated in Fig. 3. Fig. 6 is a plan view of
a second absorbent core layer in accordance with an embodiment of this
invention. Fig. 7 is a partial longitudinal sectional view of an absorbent
core comprising a combination of the first and second absorbent core layers
illustrated in Figs. 5 and 6. Fig. 8 is a plan view of the absorbent core
illustrated in Fig. 7. Fig. 9 is a schematic representation of a rheometer.
Fig. 10 is a schematic illustration of a process for making an absorbent
core in accordance with an embodiment of this invention. Fig. 11 is a
partial sectional view of an apparatus for making an absorbent core in
accordance with an embodiment of this invention. Fig. 12 is a perspective
view of a supporting roll illustrated in Fig. 11. Fig. 13 is a partial
perspective view of a grid which forms part of the supporting roll
illustrated in Fig. 12. 



Fig. 14 is a perspective view of a printing roll illustrated in Fig. 11.
Fig. 15 is a partial perspective view of the printing roll illustrated in
Fig. 14 showing absorbent particulate polymer material reservoirs. Fig. 16
is a partial perspective view of an alternative printing roll showing
absorbent particulate polymer material reservoirs. Fig. 17 is a partial
perspective view of an alternative printing roll showing absorbent
particulate polymer material reservoirs. DETAILED DESCRIPTION OF THE
INVENTIONAs summarized above, this invention encompasses a method and
apparatus for making a disposable absorbent article comprising absorbent
particulate polymer material deposited on a substrate and a resulting
disposable absorbent article. Embodiments of such method and apparatus and
resulting disposable absorbent articles are described hereinbelow after the
following definitions. Definitions "Absorbent article" refers to devices
that absorb and contain body exudates, and, more specifically, refers to
devices that are placed against or in proximity to the body of the wearer
to absorb and contain the various exudates discharged from the body.
Absorbent articles may include diapers, training pants, adult incontinence
undergarments, feminine hygiene products, breast pads, care mats, bibs,
wound dressing products, and the like. Absorbent articles may further
include floor cleaning articles, food industry articles, and the like. As
used herein, the term "body fluids" or "body exudates" includes, but is not
limited to, urine, blood, vaginal discharges, breast milk, sweat and fecal
matter. "Absorbent core" means a structure typically disposed between a
topsheet and backsheet of an absorbent article for absorbing and containing
liquid received by the absorbent article and may comprise one or more
substrates, absorbent polymer material disposed on the one or more
substrates, and a thermoplastic composition on the absorbent particulate
polymer material and at least a portion of the one or more substrates for
immobilizing the absorbent particulate polymer material on the one or more
substrates. In a multilayer absorbent core, the absorbent core may also
include a cover layer. The one or more substrates and the cover layer may
comprise a nonwoven. Further, the absorbent core is substantially cellulose
free. The absorbent core does not include an acquisition system, a
topsheet, or a backsheet of the absorbent article. In a certain embodiment,
the absorbent core would consist essentially of the one or more substrates,
the absorbent polymer material, the thermoplastic composition, and
optionally the cover layer. "Absorbent polymer material," "absorbent
gelling material," "AGM," "superabsorbent," and "superabsorbent material"
are used herein interchangeably and refer to cross linked polymeric
materials that can absorb at least 5 times their weight of an aqueous 0.9%
saline solution as measured using the Centrifuge Retention Capacity test
(Edana 441.2-01). "Absorbent particulate polymer material" is used herein
to refer to an absorbent polymer material which is in particulate form so
as to be flowable in the dry state."Absorbent particulate polymer material
area" as used herein refers to the area of the core wherein the first
substrate 64 and second substrate 72 are separated by a multiplicity of
superabsorbent particles. In Figure 8, the boundary of the absorbent
particulate polymer material area is defined by the perimeter of the
overlapping circles. There may be some extraneous superabsorbent particles
outside of this perimeter between the first substrate 64 and second
substrate 72. "Airfelt" is used herein to refer to comminuted wood pulp,
which is a form of cellulosic fiber. "Comprise," "comprising," and
"comprises" are open ended terms, each specifies the presence of what
follows, e.g., a component, but does not preclude the presence of other
features, e.g., elements, steps, components known in the art, or disclosed
herein. 



"Consisting essentially of is used herein to limit the scope of subject
matter, such as that in a claim, to the specified materials or steps and
those that do not materially affect the basic and novel characteristics of
the subject matter. "Disposable" is used in its ordinary sense to mean an
article that is disposed or discarded after a limited number of usage
events over varying lengths of time, for example, less than about 20
events, less than about 10 events, less than about 5 events, or less than
about 2 events. "Diaper" refers to an absorbent article generally worn by
infants and incontinent persons about the lower torso so as to encircle the
waist and legs of the wearer and that is specifically adapted to receive
and contain urinary and fecal waste. As used herein, term "diaper" also
includes "pants" which is defined below. "Fiber" and "filament" are used
interchangeably. A "nonwoven" is a manufactured sheet, web or batt of
directionally or randomly orientated fibers, bonded by friction, and/or
cohesion and/or adhesion, excluding paper and products which are woven,
knitted, tufted, stitch-bonded incorporating binding yarns or filaments, or
felted by wet-milling, whether or not additionally needled. The fibers may
be of natural or man-made origin and may be staple or continuous filaments
or be formed in situ. Commercially available fibers have diameters ranging
from less than about 0.001 mm to more than about 0.2 mm and they come in
several different forms: short fibers (known as staple, or chopped),
continuous single fibers (filaments or monofilaments), untwisted bundles of
continuous filaments (tow), and twisted bundles of continuous filaments
(yarn). Nonwovenfabrics can be formed by many processes such as
meltblowing, spunbonding, solvent spinning, electrospinning, and carding.
The basis weight of nonwoven fabrics is usually expressed in grams per
square meter (gsm). "Pant" or "training pant", as used herein, refer to
disposable garments having a waist opening and leg openings designed for
infant or adult wearers. A pant may be placed in position on the wearer by
inserting the wearer's legs into the leg openings and sliding the pant into
position about a wearer's lower torso. A pant may be preformed by any
suitable technique including, but not limited to, joining together portions
of the article using refastenable and/or non-refastenable bonds (e.g.,
seam, weld, adhesive, cohesive bond, fastener, etc.). A pant may be
preformed anywhere along the circumference of the article (e.g., side
fastened, front waist fastened). While the terms "pant" or "pants" are used
herein, pants are also commonly referred to as "closed diapers,"
"prefastened diapers," "pull-on diapers," "training pants," and
"diaperpants". Suitable pants are disclosed in U.S. Patent No. 5,246,433,
issued to Hasse, et al. on September 21, 1993; U.S. Patent No. 5,569,234,
issued to Buell et al. on October 29, 1996; U.S. Patent No. 6,120,487,
issued to Ashton on September 19, 2000; U.S. Patent No. 6,120,489, issued
to Johnson et al. on September 19, 2000; U.S. Patent No. 4,940,464, issued
to Van Gompel et al. on July 10, 1990; U.S. Patent No. 5,092,861, issued to
Nomura et al. on March 3, 1992; U.S. Patent Publication No. 2003/0233082
Al, entitled "Highly Flexible And Low Deformation Fastening Device", filed
on June 13, 2002; U.S. Patent No. 5,897,545, issued to Kline et al. on
April 27, 1999; U.S. Patent No. 5,957,908, issued to Kline et al on
September 28, 1999. "Substantially cellulose free" is used herein to
describe an article, such as an absorbent core, that contains less than 10%
by weight cellulosic fibers, less than 5% cellulosic fibers, less than 1%
cellulosic fibers, no cellulosic fibers, or no more than an immaterial
amount of cellulosic fibers. An immaterial amount of cellulosic material
would not materially affect the thinness, flexibility, or absorbency of an
absorbent core. "Substantially continuously distributed" as used herein
indicates that within the absorbent particulate polymer material area, the
first substrate 64 and second substrate 72 are 



separated by a multiplicity of superabsorbent particles. It is recognized
that there may be minor incidental contact areas between the first
substrate 64 and second substrate 72 within the absorbent particulate
polymer material area. Incidental contact areas between the first
substrate64 and second substrate 72 may be intentional or unintentional
(e.g. manufacturing artifacts) but do not form geometries such as pillows,
pockets, tubes, quilted patterns and the like. "Thermoplastic adhesive
material" as used herein is understood to comprise a polymer composition
from which fibers are formed and applied to the superabsorbent material
with the intent to immobilize the superabsorbent material in both the dry
and wet state. The thermoplastic adhesive material of the present invention
forms a fibrous network over the superabsorbent material. "Thickness" and
"caliper" are used herein interchangeably. Absorbent Articles Fig. 1 is a
plan view of a diaper 10 according to a certain embodiment of the present
invention. The diaper 10 is shown in its flat out, uncontracted state
(i.e., without elastic induced contraction) and portions of the diaper 10
are cut away to more clearly show the underlying structure of the diaper
10. A portion of the diaper 10 that contacts a wearer is facing the viewer
in Fig. 1. The diaper 10 generally may comprise a chassis 12 and an
absorbent core 14 disposed in the chassis. The chassis 12 of the diaper 10
in Fig. 1 may comprise the main body of the diaper 10. The chassis 12 may
comprise an outer covering 16 including a topsheet 18, which may be liquid
pervious, and/or a backsheet 20, which may be liquid impervious. The
absorbent core 14 may be encased between the topsheet 18 and the backsheet
20. The chassis 12 may also include side panels 22, elasticized leg cuffs
24, and an elastic waist feature 26. The leg cuffs 24 and the elastic waist
feature 26 may each typically comprise elastic members 28. One end portion
of the diaper 10 may be configured as a first waist region 30 of the diaper
10. An opposite end portion of the diaper 10 may be configured as a second
waist region 32 of the diaper 10. An intermediate portion of the diaper 10
may be configured as a crotch region 34, which extends longitudinally
between the first and second waist regions 30 and 32. The waist regions 30
and 32 may include elastic elements such that they gather about the waist
of the wearer to provide improved fit and containment (elastic waist
feature 26). The crotch region 34 is that portion of the diaper 10 which,
when the diaper 10 is worn, is generally positioned between the wearer's
legs. The diaper 10 is depicted in Fig. 1 with its longitudinal axis 36 and
its transverse axis 38. The periphery 40 of the diaper 10 is defined by the
outer edges of the diaper 10 in which the longitudinal edges 42 run
generally parallel to the longitudinal axis 36 of the diaper 10 and theend
edges 44 run between the longitudinal edges 42 generally parallel to the
transverse axis 38 of the diaper 10. The chassis 12 may also comprise a
fastening system, which may include at least one fastening member 46 and at
least one stored landing zone 48. The diaper 20 may also include such other
features as are known in the art including front and rear ear panels, waist
cap features, elastics and the like to provide better fit, containment and
aesthetic characteristics. Such additional features are well known in the
art and are e.g., described in U.S. Pat. No. 3,860,003 and U.S. Pat. No.
5,151,092. In order to keep the diaper 10 in place about the wearer, at
least a portion of the first waist region 30 may be attached by the
fastening member 46 to at least a portion of the second waist region 32 to
form leg opening(s) and an article waist. When fastened, the fastening
system carries a tensile load around the article waist. The fastening
system may allow an article user to hold one element of the fastening
system, such as the fastening member 46, and connect the first waist region
30 to the second waist region 32 in at least two places. This may be
achieved through manipulation of bond strengths between the fastening
device elements. According to certain embodiments, the diaper 10 may be
provided with a re-closable 



fastening system or may alternatively be provided in the form of a
pant-type diaper. When the absorbent article is a diaper, it may comprise a
re-closable fastening system joined to the chassis for securing the diaper
to a wearer. When the absorbent article is a pant-type diaper, the article
may comprise at least two side panels joined to the chassis and to each
other to form a pant. The fastening system and any component thereof may
include any material suitable for such a use, including but not limited to
plastics, films, foams, nonwoven, woven, paper, laminates, fiber reinforced
plastics and the like, or combinations thereof. In certain embodiments, the
materials making up the fastening device may be flexible. The flexibility
may allow the fastening system to conform to the shape of the body and
thus, reduce the likelihood that the fastening system will irritate or
injure the wearer's skin. For unitary absorbent articles, the chassis 12
and absorbent core 14 may form the main structure of the diaper 10 with
other features added to form the composite diaper structure. While the
topsheet 18, the backsheet 20, and the absorbent core 14 may be assembled
in a variety of well-known configurations, preferred diaper configurations
are described generally in U.S. Pat. No. 5,554,145 entitled "Absorbent
Article With Multiple Zone Structural Elastic-Like Film Web Extensible
Waist Feature" issued to Roe et al. on Sep. 10, 1996; U.S. Pat. No.
5,569,234 entitled "Disposable PuIl-On Pant" issued to Buell et al. on Oct.
29, 1996; and U.S.Pat. No. 6,004,306 entitled "Absorbent Article With
Multi-Directional Extensible Side Panels" issued to Robles et al. on Dec.
21, 1999. The topsheet 18 in Fig. 1 may be fully or partially elasticized
or may be foreshortened to provide a void space between the topsheet 18 and
the absorbent core 14. Exemplary structures including elasticized or
foreshortened topsheets are described in more detail in U.S. Pat. No.
5,037,416 entitled "Disposable Absorbent Article Having Elastically
Extensible Topsheet" issued to Allen et al. on Aug. 6, 1991; and U.S. Pat.
No. 5,269,775 entitled "Trisection Topsheets for Disposable Absorbent
Articles and Disposable Absorbent Articles Having Such Trisection
Topsheets" issued to Freeland et al. on Dec. 14, 1993. The backsheet 20 may
be joined with the topsheet 18. The backsheet 20 may prevent the exudates
absorbed by the absorbent core 14 and contained within the diaper 10 from
soiling other external articles that may contact the diaper 10, such as bed
sheets and undergarments. In certain embodiments, the backsheet 20 may be
substantially impervious to liquids (e.g., urine) and comprise a laminate
of a nonwoven and a thin plastic film such as a thermoplastic film having a
thickness of about 0.012 mm (0.5 mil) to about 0.051 mm (2.0 mils).
Suitable backsheet films include those manufactured by Tredegar Industries
Inc. of Terre Haute, Ind. and sold under the trade names X15306, X10962,
and X10964. Other suitable backsheet materials may include breathable
materials that permit vapors to escape from the diaper 10 while still
preventing liquid exudates from passing through the backsheet 10. Exemplary
breathable materials may include materials such as woven webs, nonwoven
webs, composite materials such as film-coated nonwoven webs, and
microporous films such as manufactured by Mitsui Toatsu Co., of Japan under
the designation ESPOIR NO and by EXXON Chemical Co., of Bay City, Tex.,
under the designation EXXAIRE. Suitable breathable composite materials
comprising polymer blends are available from Clopay Corporation,
Cincinnati, Ohio under the name HYTREL blend Pl 8-3097. Such breathable
composite materials are described in greater detail in PCT Application No.
WO 95/16746, published on Jun. 22, 1995 in the name of E. I. DuPont. Other
breathable backsheets including nonwoven webs and apertured formed films
are described in U.S. Pat. No. 5,571,096 issued to Dobrin et al. on Nov. 5,
1996. In certain embodiments, the backsheet of the present invention may
have a water vapor transmission rate (WVTR) of greater than about 2000
g/24h/m2, greater than about 3000 g/24h/m2, greater than about 5000
g/24h/m2, greater than about 6000 g/24h/m2, greater than about 7000
g/24h/m2, greater than about 8000 g/24h/m2, greater than about 9000
g/24h/m2,greater than about 10000 g/24h/m2, greater than about 11000
g/24h/m2, greater than about 12000 



g/24h/m2, greater than about 15000 g/24h/m2, measured according to WSP 70.5
(08) at 37.8 0C and 60% Relative Humidity. Fig. 2 shows a cross section of
Fig. 1 taken along the sectional line 2-2 of Fig. 1. Starting from the
wearer facing side, the diaper 10 may comprise the topsheet 18, the
components of the absorbent core 14, and the backsheet 20. According to a
certain embodiment, diaper 10 may also comprise an acquisition system 50
disposed between the liquid permeable topsheet 18 and a wearer facing side
of the absorbent core 14. The acquisition system 50 may be in direct
contact with the absorbent core. The acquisition system 50 may comprise a
single layer or multiple layers, such as an upper acquisition layer 52
facing towards the wearer's skin and a lower acquisition 54 layer facing
the garment of the wearer. According to a certain embodiment, the
acquisition system 50 may function to receive a surge of liquid, such as a
gush of urine. In other words, the acquisition system 50 may serve as a
temporary reservoir for liquid until the absorbent core 14 can absorb the
liquid. In a certain embodiment, the acquisition system 50 may comprise
chemically crosslinked cellulosic fibers. Such cross-linked cellulosic
fibers may have desirable absorbency properties. Exemplary chemically
cross-linked cellulosic fibers are disclosed in US Patent No. 5,137,537. In
certain embodiments, the chemically cross-linked cellulosic fibers are
crosslinked with between about 0.5 mole % and about 10.0 mole % of a C2 to
C9 polycarboxylic cross-linking agent or between about 1.5 mole % and about
6.0 mole % of a C2 to C9 polycarboxylic cross-linking agent based on
glucose unit. Citric acid is an exemplary crosslinking agent. In other
embodiments, polyacrylic acids may be used. Further, according to certain
embodiments, the cross-linked cellulosic fibers have a water retention
value of about 25 to about 60, or about 28 to about 50, or about 30 to
about 45. A method for determining water retention value is disclosed in US
Patent No. 5,137,537. According to certain embodiments, the cross-linked
cellulosic fibers may be crimped, twisted, or curled, or a combination
thereof including crimped, twisted, and curled. In a certain embodiment,
one or both of the upper and lower acquisition layers 52 and 54 may
comprise a non-woven, which may be hydrophilic. Further, according to a
certain embodiment, one or both of the upper and lower acquisition layers
52 and 54 may comprise the chemically cross-linked cellulosic fibers, which
may or may not form part of a nonwoven material. According to an exemplary
embodiment, the upper acquisition layer 52 may comprisea nonwoven, without
the cross-linked cellulosic fibers, and the lower acquisition layer 54 may
comprise the chemically cross-linked cellulosic fibers. Further, according
to an embodiment, the lower acquisition layer 54 may comprise the
chemically cross-linked cellulosic fibers mixed with other fibers such as
natural or synthetic polymeric fibers. According to exemplary embodiments,
such other natural or synthetic polymeric fibers may include high surface
area fibers, thermoplastic binding fibers, polyethylene fibers,
polypropylene fibers, PET fibers, rayon fibers, lyocell fibers, and
mixtures thereof. According to a particular embodiment, the lower
acquisition layer 54 has a total dry weight, the cross-linked cellulosic
fibers are present on a dry weight basis in the upper acquisition layer in
an amount from about 30 % to about 95 % by weight of the lower acquisition
layer 54, and the other natural or synthetic polymeric fibers are present
on a dry weight basis in the lower acquisition layer 54 in an amount from
about 70 % to about 5 % by weight of the lower acquisition layer 54.
According to another embodiment, the cross-linked cellulosic fibers are
present on a dry weight basis in the first acquisition layer in an amount
from about 80 % to about 90 % by weight of the lower acquisition layer 54,
and the other natural or synthetic polymeric fibers are present on a dry
weight basis in the lower acquisition layer 54 in an amount from about 20 %
to about 10 % by weight of the lower acquisition layer 54. According to a
certain embodiment, the lower acquisition layer 54 desirably has a high 



fluid uptake capability. Fluid uptake is measured in grams of absorbed
fluid per gram of absorbent material and is expressed by the value of
"maximum uptake." A high fluid uptake corresponds therefore to a high
capacity of the material and is beneficial, because it ensures the complete
acquisition of fluids to be absorbed by an acquisition material. According
to exemplary embodiments, the lower acquisition layer 54 has a maximum
uptake of about 10 g/g. A relevant attribute of the upper acquisition layer
54 is its Median Desorption Pressure, MDP. The MDP is a measure of the
capillary pressure that is required to dewater the lower acquisition layer
54 to about 50% of its capacity at 0 cm capillary suction height under an
applied mechanical pressure of 0.3psi. Generally, a relatively lower MDP
may be useful. The lower MDP may allow the lower acquisition layer 54 to
more efficiently drain the upper acquisition material. Without wishing to
be bound by theory, a given distribution material may have a definable
capillary suction. The ability of the lower acquisition layer 54 to move
liquid vertically via capillary forces will be directly impacted by gravity
and the opposing capillary forces associated with desorption of the upper
acquisition layer. Minimizing these capillaryforces may positively impact
the performance of the lower acquisition layer 54. However, in a certain
embodiment the lower acquisition layer 54 may also have adequate capillary
absorption suction in order to drain the layers above (upper acquisition
layer 52 and topsheet 18, in particular) and to temporarily hold liquid
until the liquid can be partitioned away by the absorbent core components.
Therefore, in a certain embodiment, the lower acquisition layer 54 may have
a minimum MDP of greater than 5 cm. Further, according to exemplary
embodiments, the lower acquisition layer 54 has an MDP value of less than
about 20.5 cm H2O, or less than about 19 cm H2O, or less than about 18 cm
H2O to provide for fast acquisition. The methods for determining MDP and
maximum uptake are disclosed in U.S. Patent Application Publication No.
2007/0118087 Al. For example, according to a first embodiment, the lower
acquisition layer 54 may comprise about 70 % by weight of chemically
cross-linked cellulose fibers, about 10 % by weight polyester (PET), and
about 20 % by weight untreated pulp fibers. According to a second
embodiment, the lower acquisition layer 54 may comprise about 70 % by
weight chemically cross-linked cellulose fibers, about 20 % by weight
lyocell fibers, and about 10% by weight PET fibers. According to a third
embodiment, the lower acquisition layer 54 may comprise about 68 % by
weight chemically cross-linked cellulose fibers, about 16 % by weight
untreated pulp fibers, and about 16 % by weight PET fibers. In one
embodiment, the lower acquisition layer 54 may comprise from about 90-100%
by weight chemically cross-linked cellulose fibers. Suitable non-woven
materials for the upper and lower acquisition layers 52 and 54 include, but
are not limited to SMS material, comprising a spunbonded, a melt-blown and
a further spunbonded layer. In certain embodiments, permanently hydrophilic
non-wovens, and in particular, nonwovens with durably hydrophilic coatings
are desirable. Another suitable embodiment comprises a SMMS-structure. In
certain embodiments, the non-wovens are porous. In certain embodiments,
suitable non-woven materials may include, but are not limited to synthetic
fibers, such as PE, PET, and PP. As polymers used for nonwoven production
may be inherently hydrophobic, they may be coated with hydrophilic
coatings. One way to produce nonwovens with durably hydrophilic coatings,
is via applying a hydrophilic monomer and a radical polymerization
initiator onto the nonwoven, and conducting a polymerization activated via
UV light resulting in monomer chemically bound to the surface of the
nonwoven as described in co-pending U.S. Patent Publication No.
2005/0159720. Another way to produce nonwovens with durably hydrophilic
coatings is to coat the nonwoven with hydrophilicnanoparticles as described
in co-pending applications U.S. Patent No. 7,112,621 to Rohrbaugh et al.
and in PCT Application Publication WO 02/064877. Typically, nanoparticles
have a largest dimension of below 750 nm. Nanoparticles with sizes ranging
from 2 to 750 nm may be economically produced. An advantage of
nanoparticles 



is that many of them can be easily dispersed in water solution to enable
coating application onto the nonwoven, they typically form transparent
coatings, and the coatings applied from water solutions are typically
sufficiently durable to exposure to water. Nanoparticles can be organic or
inorganic, synthetic or natural. Inorganic nanoparticles generally exist as
oxides, silicates, and/or, carbonates. Typical examples of suitable
nanoparticles are layered clay minerals (e.g., LAPONITE(tm) from Southern
Clay Products, Inc. (USA), and Boehmite alumina (e.g., Disperal P2(tm) from
North American Sasol. Inc.). According to a certain embodiment, a suitable
nanoparticle coated non-woven is that disclosed in U.S. Patent Application
Publication No. 2004/0158212 entitled "Disposable absorbent article
comprising a durable hydrophilic core wrap" to Ekaterina Anatolyevna
Ponomarenko and Mattias NMN Schmidt. Further useful non-wovens are
described in U.S. Pat. No. 6,645,569 to Cramer et al., U.S. Patent No.
6,863,933 to Cramer et al., U.S. Patent No. 7,112,621 to Rohrbaugh et al.,
and U.S. Patent Application Publication Numbers. 2003/0148684 Al to Cramer
et al. and 2005/0008839 Al to Cramer et al. In some cases, the nonwoven
surface can be pre-treated with high energy treatment (corona, plasma)
prior to application of nanoparticle coatings. High energy pre-treatment
typically temporarily increases the surface energy of a low surface energy
surface (such as PP) and thus enables better wetting of a nonwoven by the
nanoparticle dispersion in water. Notably, permanently hydrophilic
non-wovens are also useful in other parts of an absorbent article. For
example, topsheets and absorbent core layers comprising permanently
hydrophilic non-wovens as described above have been found to work well.
According to a certain embodiment, the upper acquisition layer 52 may
comprise a material that provides good recovery when external pressure is
applied and removed. Further, according to a certain embodiment, the upper
acquisition layer 52 may comprise a blend of different fibers selected, for
example from the types of polymeric fibers described above. In some
embodiments, at least a portion of the fibers may exhibit a spiral-crimp
which has a helical shape. In some embodiments, the upper acquisition layer
52 may comprise fibers having different degrees or types of crimping, or
both. For example, one embodiment may include amixture of fibers having
about 8 to about 12 crimps per inch (cpi) or about 9 to about 10 cpi, and
other fibers having about 4 to about 8 cpi or about 5 to about 7 cpi.
Different types of crimps include, but are not limited to a 2D crimp or
"flat crimp" and a 3D or spiral-crimp. According to a certain embodiment,
the fibers may include bi-component fibers, which are individual fibers
each comprising different materials, usually a first and a second polymeric
material. It is believed that the use of side-by-side bi-component fibers
is beneficial for imparting a spiralcrimp to the fibers. The upper
acquisition layer 52 may be stabilized by a latex binder, for example a
styrene-butadiene latex binder (SB latex), in a certain embodiment.
Processes for obtaining such lattices are known, for example, from EP 149
880 (Kwok) and US 2003/0105190 (Diehl et al.). In certain embodiments, the
binder may be present in the upper acquisition layer 52 in excess of about
12%, about 14% or about 16% by weight. For certain embodiments, SB latex is
available under the trade name GENFLO(tm) 3160 (OMNOVA Solutions Inc.;
Akron, Ohio). The absorbent core 14 in Figs. 1-8 generally is disposed
between the topsheet 18 and the backsheet 20 and comprises two layers, a
first absorbent layer 60 and a second absorbent layer 62. As best shown in
Fig. 3, the first absorbent layer 60 of the absorbent core 14 comprises a
substrate 64, an absorbent particular polymer material 66 on the substrate
64, and a thermoplastic composition 68 on the absorbent particulate polymer
material 66 and at least portions of the first substrate 64 as an adhesive
for covering and immobilizing the absorbent particulate polymer material 66
on the first substrate 64. According to another embodiment illustrated in
Fig. 4, the first absorbent layer 60 of the absorbent core 14 may also
include a 



cover layer 70 on the thermoplastic composition 68. Likewise, as best
illustrated in Fig. 7, the second absorbent layer 62 of the absorbent core
14 may also include a substrate 72, an absorbent particulate polymer
material 74 on the second substrate 72, and a thermoplastic composition 76
on the absorbent particulate polymer material 74 and at least a portion of
the second substrate 72 for immobilizing the absorbent particulate polymer
material 74 on the second substrate 72. Although not illustrated, the
second absorbent layer 62 may also include a cover layer such as the cover
layer 70 illustrated in Fig. 4. The substrate 64 of the first absorbent
layer 60 may be referred to as a dusting layer and has a first surface 78
which faces the backsheet 20 of the diaper 10 and a second surface 80 which
faces the absorbent particulate polymer material 66. Likewise, the
substrate 72 of the second absorbent layer 62 may be referred to as a core
cover and has a first surface 82 facing thetopsheet 18 of the diaper 10 and
a second surface 84 facing the absorbent particulate polymer material 74.
The first and second substrates 64 and 72 may be adhered to one another
with adhesive about the periphery to form an envelope about the absorbent
particulate polymer materials 66 and 74 to hold the absorbent particulate
polymer material 66 and 74 within the absorbent core 14. According to a
certain embodiment, the substrates 64 and 72 of the first and second
absorbent layers 60 and 62 may be a non-woven material, such as those
nonwoven materials described above. In certain embodiments, the non-wovens
are porous and in one embodiment has a pore size of about 32 microns. As
illustrated in Figs. 1-8, the absorbent particulate polymer material 66 and
74 is deposited on the respective substrates 64 and 72 of the first and
second absorbent layers 60 and 62 in clusters 90 of particles to form a
grid pattern 92 comprising rows 94 of the absorbent particulate polymer
material 66 and 74 spaced from one another and junction areas 96 between
the rows 94. The thermoplastic adhesive material 68 and 76 may not contact
the nonwoven substrate or the auxiliary adhesive directly in the rows 94
except perhaps in areas where there is lesser absorbent particulate polymer
material 66 and 74; junction areas 96 are areas where the thermoplastic
adhesive material does contact the nonwoven substrate or the auxiliary
adhesive directly. The junction areas 96 in the grid pattern 92 contain
little or no absorbent particulate polymer material 66 and 74. The rows 94
and junction areas 96 are elongate and extend in a cross direction which is
substantially perpendicularl to the longitudinal axis 100 of the absorbent
core 14. The grid pattern shown in Figs. 5, 6, and 8 is a rectangular grid
with regular spacing and size of the rows. Other grid patterns including
hexagonal, rhombic, orthorhombic, parallelogram, triangular, square, and
combinations thereof may also be used. According to a certain embodiment,
the spacing between the rows 94 may be regular. The size of the rows 94 in
the grid patterns 92 may vary. According to certain embodiments, the width
119 of the rows 94 in the grid patterns 92 ranges from about 8mm to about
12mm. In a certain embodiment, the width of the rows 94 is about 10mm. The
junction areas 96, on the other hand, in certain embodiments, have a width
or larger span of less than about 3mm to about 3mm. According to a certain
embodiment, the absorbent particulate polymer 66 and 74 form substantially
continuous rows, but the clusters 90 of absorbentparticulate polymer 66 and
74 may form rows of intermittent absorbent particulate polymer 66 and 74
according to other embodiments. As shown in Figs. 5, 6 and 8, the absorbent
core 14 has a longitudinal axis 100 extending from a rear end 102 to a
front end 104 and a transverse axis 106 perpendicular to the longitudinal
axis 100 extending from a first edge 108 to a second edge 110. The grid
pattern 92 of absorbent particulate polymer material clusters 90 is
arranged on the substrates 64 and 72 of the respective absorbent layers 60
and 62 such that the rows 94 and junction areas 96 are substantially
perpendicular to the longitudinal axis 100 of the absorbent core 14.
Accordingly, 



certain embodiments of the absorbent core 14 may be made so that boundaries
of the grid patterns 92 of the absorbent layers 60 and 62 are substantially
straight. As best seen in Figs. 7 and 8, the first and second layers 60 and
62 may be combined to form the absorbent core 14. The absorbent core 14 has
an absorbent particulate polymer material area 114 bounded by a pattern
length 116 and a pattern width 118. The extent and shape of the absorbent
particulate polymer material area 114 may vary depending on the desired
application of the absorbent core 14 and the particular absorbent article
in which it may be incorporated. In a certain embodiment, however, the
absorbent particulate polymer material area 114 extends substantially
entirely across the absorbent core 14, such as is illustrated in Fig. 8.
The first and second absorbent layers 60 and 62 may be combined together to
form the absorbent core 14 such that the grid patterns 92 of the respective
first and second absorbent layers 62 and 64 are offset from one another
along the length of the absorbent core 14. The length of the absorbent core
14 extends along the longitudinal axis 100 of the absorbent core 14 and is
parallel thereto. The respective grid patterns 92 may be offset in the
direction of the longitudinal axis 100 (the machine direction) such that
the absorbent particulate polymer material 66 and 74 is substantially
continuously distributed across the absorbent particulate polymer area 114.
In a certain embodiment, absorbent particulate polymer material 66 and 74
is substantially continuously distributed across the absorbent particulate
polymer material area 114 despite the individual grid patterns 92
comprising absorbent particulate polymer material 66 and 74 discontinuously
distributed across the first and second substrates 64 and 72 due to the
alternating rows 94 and junction areas 96. In a certain embodiment, the
grid patterns may be offset such that the rows 94 of the first absorbent
layer 60 face the junction areas 96 of the second absorbent layer 62 and
the rows 94 of the second absorbent layer 62 face the junctionareas 96 of
the first absorbent layer 60. In other words, the rows 94 and junction
areas 96 of the first absorbent layer 60 are substantially parallel to the
rows 94 and junction areas 96 of the second absorbent layer 62 and the rows
94 of the first absorbent layer 60 are disposed at least partially between
the rows 94 of the second absorbent layer 62. When the rows 94 and junction
areas 96 are appropriately sized and arranged, the resulting combination of
absorbent particulate polymer material 66 and 74 is a substantially
continuous layer of absorbent particular polymer material across the
absorbent particulate polymer material area 114 of the absorbent core 14.
In a certain embodiment, respective grid patterns 92 of the first and
second absorbent layer 60 and 62 may be substantially the same and the
respective patterns are offset one half cycle relative to one another in
the machine direction. In the latter case, the respective patterns 92 of
absorbent particulate polymer 66 and 74 may also be offset in a direction
substantially perpendicular to the longitudinal axis 100 (the cross
direction) so that the resulting combination of absorbent particulate
polymer material 66 and 74 is a substantially continuous layer of absorbent
particular polymer material across the absorbent particulate polymer
material area 114 of the absorbent core 14. In a certain embodiment as
illustrated in Fig. 8, the amount of absorbent particulate polymer material
66 and 74 may vary along the length 116 of the grid pattern 92. In a
certain embodiment, the grid pattern may be divided into absorbent zones
120, 122, 124, and 126, in which the amount of absorbent particulate
polymer material 66 and 74 varies from zone to zone. As used herein,
"absorbent zone" refers to a region of the absorbent particulate polymer
material area having boundaries that are perpendicular to the longitudinal
axis shown in Fig. 8. The amount of absorbent particulate polymer material
66 and 74 may, in a certain embodiment, gradually transition from one of
the plurality of absorbent zones 120, 122, 124, and 126 to another. This
gradual transition in amount of absorbent particulate polymer material 66
and 74 may reduce the possibility of cracks forming in the absorbent core
14. 



The amount of absorbent particulate polymer material 66 and 74 present in
the absorbent core 14 may vary, but in certain embodiments, is present in
the absorbent core in an amount greater than about 80% by weight of the
absorbent core, or greater than about 85% by weight of the absorbent core,
or greater than about 90% by weight of the absorbent core, or greater than
about 95% by weight of the core. In a particular embodiment, the absorbent
core 14 consists essentially of the first and second substrates 64 and 72,
the absorbent particulate polymermaterial 66 and 74, and the thermoplastic
adhesive composition 68 and 76. In an embodiment, the absorbent core 14 may
be substantially cellulose free. According to certain embodiments, the
weight of absorbent particulate polymer material 66 and 74 in at least one
freely selected first square measuring 1 cm x 1 cm may be at least about
10%, or 20%, or 30%, 40% or 50% higher than the weight of absorbent
particulate polymer material 66 and 74 in at least one freely selected
second square measuring 1 cm x 1 cm. In a certain embodiment, the first and
the second square are centered about the longitudinal axis. The absorbent
particulate polymer material area, according to an exemplary embodiment,
may have a relatively narrow width in the crotch area of the absorbent
article for increased wearing comfort. Hence, the absorbent particulate
polymer material area, according to an embodiment, may have a width as
measured along a transverse line which is positioned at equal distance to
the front edge and the rear edge of the absorbent article, which is less
than about 100 mm, 90 mm, 80 mm, 70 mm, 60 mm or even less than about 50
mm. It has been found that, for most absorbent articles such as diapers,
the liquid discharge occurs predominately in the front half of the diaper.
The front half of the absorbent core 14 should therefore comprise most of
the absorbent capacity of the core. Thus, according to certain embodiments,
the front half of said absorbent core 14 may comprise more than about 60%
of the superabsorbent material, or more than about 65%, 70%, 75%, 80%, 85%,
or 90% of the superabsorbent material. In certain embodiments, the
absorbent core 14 may further comprise any absorbent material that is
generally compressible, conformable, non-irritating to the wearer's skin,
and capable of absorbing and retaining liquids such as urine and other
certain body exudates. In such embodiments, the absorbent core 14 may
comprise a wide variety of liquid-absorbent materials commonly used in
disposable diapers and other absorbent articles such as comminuted wood
pulp, which is generally referred to as airfelt, creped cellulose wadding,
melt blown polymers, including co-form, chemically stiffened, modified or
cross-linked cellulosic fibers, tissue, including tissue wraps and tissue
laminates, absorbent foams, absorbent sponges, or any other known absorbent
material or combinations of materials. The absorbent core 14 may further
comprise minor amounts (typically less than about 10%) of materials, such
as adhesives, waxes, oils and the like. Exemplary absorbent structures for
use as the absorbent assemblies are described in U.S. Pat. No. 4,610,678
(Weisman et al.); U.S. Pat. No. 4,834,735 (Alemany et al.); U.S. Pat.
No.4,888,231 (Angstadt); U.S. Pat. No. 5,260,345 (DesMarais et al.); U.S.
Pat. No. 5,387,207 (Dyer et al.); U.S. Pat. No. 5,397,316 (LaVon et al.);
and U.S. Pat. No. 5,625,222 (DesMarais et al.). The thermoplastic adhesive
material 68 and 76 may serve to cover and at least partially immobilize the
absorbent particulate polymer material 66 and 74. In one embodiment of the
present invention, the thermoplastic adhesive material 68 and 76 can be
disposed essentially uniformly within the absorbent particulate polymer
material 66 and 74, between the polymers. However, in a certain embodiment,
the thermoplastic adhesive material 68 and 76 may be provided as a fibrous
layer which is at least partially in contact with the absorbent particulate
polymer material 66 and 74 and partially in contact with the substrate
layers 64 and 72 of the first and second absorbent layers 60 and 62. Figs.
3, 4, and 7 show such a structure, and in that structure, the absorbent
particulate polymer material 66 and 74 is provided as a discontinuous
layer, and a layer of fibrous thermoplastic adhesive material 68 and 76 is
laid down onto the 



layer of absorbent particulate polymer material 66 and 74, such that the
thermoplastic adhesive material 68 and 76 is in direct contact with the
absorbent particulate polymer material 66 and 74, but also in direct
contact with the second surfaces 80 and 84 of the substrates 64 and 72,
where the substrates are not covered by the absorbent particulate polymer
material 66 and 74. This imparts an essentially three-dimensional structure
to the fibrous layer of thermoplastic adhesive material 68 and 76, which in
itself is essentially a two-dimensional structure of relatively small
thickness, as compared to the dimension in length and width directions. In
other words, the thermoplastic adhesive material 68 and 76 undulates
between the absorbent particulate polymer material 68 and 76 and the second
surfaces of the substrates 64 and 72. Thereby, the thermoplastic adhesive
material 68 and 76 may provide cavities to cover the absorbent particulate
polymer material 66 and 74, and thereby immobilizes this material. In a
further aspect, the thermoplastic adhesive material 68 and 76 bonds to the
substrates 64 and 72 and thus affixes the absorbent particulate polymer
material 66 and 74 to the substrates 64 and 72. Thus, in accordance with
certain embodiments, the thermoplastic adhesive material 68 and 76
immobilizes the absorbent particulate polymer material 66 and 74 when wet,
such that the absorbent core 14 achieves an absorbent particulate polymer
material loss of no more than about 70%, 60%, 50%, 40%, 30%, 20%, 10%
according to the Wet Immobilization Test described herein. Some
thermoplastic adhesive materials will also penetrate into both the
absorbent particulate polymer material 66 and 74 and the substrates 64 and
72, thus providing for further immobilization and affixation. Of course,
while the thermoplastic adhesive materials disclosedherein provide a much
improved wet immobilization (i.e., immobilization of absorbent material
when the article is wet or at least partially loaded), these thermoplastic
adhesive materials may also provide a very good immobilization of absorbent
material when the absorbent core 14 is dry. The thermoplastic adhesive
material 68 and 76 may also be referred to as a hot melt adhesive. Without
wishing to be bound by theory, it has been found that those thermoplastic
adhesive materials which are most useful for immobilizing the absorbent
particulate polymer material 66 and 74 combine good cohesion and good
adhesion behavior. Good adhesion may promote good contact between the
thermoplastic adhesive material 68 and 76 and the absorbent particulate
polymer material 66 and 74 and the substrates 64 and 72. Good cohesion
reduces the likelihood that the adhesive breaks, in particular in response
to external forces, and namely in response to strain. When the absorbent
core 14 absorbs liquid, the absorbent particulate polymer material 66 and
74 swells and subjects the thermoplastic adhesive material 68 and 76 to
external forces. In certain embodiments, the thermoplastic adhesive
material 68 and 76 may allow for such swelling, without breaking and
without imparting too many compressive forces, which would restrain the
absorbent particulate polymer material 66 and 74 from swelling. In
accordance with certain embodiments, the thermoplastic adhesive material 68
and 76 may comprise, in its entirety, a single thermoplastic polymer or a
blend of thermoplastic polymers, having a softening point, as determined by
the ASTM Method D-36-95 "Ring and Ball", in the range between 50 0C and 300
0C, or alternatively the thermoplastic adhesive material may be a hot melt
adhesive comprising at least one thermoplastic polymer in combination with
other thermoplastic diluents such as tackifying resins, plasticizers and
additives such as antioxidants. In certain embodiments, the thermoplastic
polymer has typically a molecular weight (Mw) of more than 10,000 and a
glass transition temperature (Tg) usually below room temperature or -6 0C <
Tg < 16C. In certain embodiments, typical concentrations of the polymer in
a hot melt are in the range of about 20 to about 40% by weight. In certain
embodiments, thermoplastic polymers may be water insensitive. Exemplary
polymers are (styrenic) block copolymers including A-B-A triblock
structures, A-B diblock structures and (AB) n radial block copolymer
structures wherein the A blocks are non-elastomeric polymer blocks, 



typically comprising polystyrene, and the B blocks are unsaturated
conjugated diene or (partly) hydrogenated versions of such. The B block is
typically isoprene, butadiene, ethylene/butylene (hydrogenated butadiene),
ethylene/propylene (hydrogenated isoprene), and mixtures thereof.Other
suitable thermoplastic polymers that may be employed are metallocene
polyolefins, which are ethylene polymers prepared using single-site or
metallocene catalysts. Therein, at least one comonomer can be polymerized
with ethylene to make a copolymer, terpolymer or higher order polymer. Also
applicable are amorphous polyolefins or amorphous polyalphaolefins (APAO)
which are homopolymers, copolymers or terpolymers of C2 to C8 alpha
olefins. In exemplary embodiments, the tackifying resin has typically a Mw
below 5,000 and a Tg usually above room temperature, typical concentrations
of the resin in a hot melt are in the range of about 30 to about 60%, and
the plasticizer has a low Mw of typically less than 1,000 and a Tg below
room temperature, with a typical concentration of about 0 to about 15%. In
certain embodiments, the thermoplastic adhesive material 68 and 76 is
present in the form of fibers. In some embodiments, the fibers will have an
average thickness of about 1 to about 50 micrometers or about 1 to about 35
micrometers and an average length of about 5 mm to about 50 mm or about 5mm
to about 30 mm. To improve the adhesion of the thermoplastic adhesive
material 68 and 76 to the substrates 64 and 72 or to any other layer, in
particular any other non-woven layer, such layers may be pre-treated with
an auxiliary adhesive. In certain embodiments, the thermoplastic adhesive
material 68 and 76 will meet at least one, or several, or all of the
following parameters: An exemplary thermoplastic adhesive material 68 and
76 may have a storage modulus G' measured at 200C of at least 30,000 Pa and
less than 300,000 Pa, or less than 200,000 Pa, or between 140,000 Pa and
200,000 Pa, or less than 100,000 Pa. In a further aspect, the storage
modulus G' measured at 35C may be greater than 80,000 Pa. In a further
aspect, the storage modulus G' measured at 600C may be less than 300,000 Pa
and more than 18,000 Pa, or more than 24,000 Pa, or more than 30,000 Pa, or
more than 90,000 Pa. In a further aspect, the storage modulus G' measured
at 900C may be less than 200,000 Pa and more than 10,000 Pa, or more than
20,000 Pa, or more then 30,000 Pa. The storage modulus measured at 600C and
900C may be a measure for the form stability of the thermoplastic adhesive
material at elevated ambient temperatures. This value is particularly
important if the absorbent product is used in a hot climate where the
thermoplastic adhesive material would lose its integrity if the storage
modulus G' at 600C and 900C is not sufficiently high. G' is measured using
a rheometer as schematically shown in Fig. 9 for the purpose of general
illustration only. The rheometer 127 is capable of applying a shear stress
to the adhesiveand measuring the resulting strain (shear deformation)
response at constant temperature. The adhesive is placed between a
Peltier-element acting as lower, fixed plate 128 and an upper plate 129
with a radius R of e.g., 10 mm, which is connected to the drive shaft of a
motor to generate the shear stress. The gap between both plates has a
height H of e.g., 1500 micron. The Peltierelement enables temperature
control of the material (+0.50C). The strain rate and frequency should be
chosen such that all measurements are made in the linear viscoelastic
region. The absorbent core 14 may also comprise an auxiliary adhesive which
is not illustrated in the figures. The auxiliary adhesive may be deposited
on the first and second substrates 64 and 72 of the respective first and
second absorbent layers 60 and 62 before application of the absorbent
particulate polymer material 66 and 74 for enhancing adhesion of the
absorbent particulate polymer materials 66 and 74 and the thermoplastic
adhesive material 68 and 76 to the respective substrates 64 and 72. The
auxiliary glue may also aid in immobilizing the absorbent particulate
polymer material 66 and 74 and may comprise the same thermoplastic adhesive
material as described hereinabove or may also comprise other adhesives
including but not limited to sprayable hot melt adhesives, such as H.B.
Fuller Co. (St. Paul, MN) Product No. 



HL-1620-B. The auxiliary glue may be applied to the substrates 64 and 72 by
any suitable means, but according to certain embodiments, may be applied in
about 0.5 to about lmm wide slots spaced about 0.5 to about 2 mm apart. The
cover layer 70 shown in Fig. 4 may comprise the same material as the
substrates 64 and 72, or may comprise a different material. In certain
embodiments, suitable materials for the cover layer 70 are the non-woven
materials, typically the materials described above as useful for the
substrates 64 and 72. Method and Apparatus for Making Absorbent Articles A
printing system 130 for making an absorbent core 14 in accordance with an
embodiment of this invention is illustrated in Fig. 10 and may generally
comprise a first printing unit 132 for forming the first absorbent layer 60
of the absorbent core 14 and a second printing unit 134 for forming the
second absorbent layer 62 of the absorbent core 14. The first printing unit
132 may comprise a first auxiliary adhesive applicator 136 for applying an
auxiliary adhesive to the substrate 64, which may be a nonwoven web, a
first rotatable support roll 140 for receiving the substrate 64, a first
absorbent particulate polymer feeder (hopper) 142 for holding absorbent
particulate polymer material 66, a first printing roll 144 for transferring
the absorbent particulate polymer material 66 to the substrate 64, and a
firstthermoplastic adhesive material applicator 146 for applying the
thermoplastic adhesive material 68 to the substrate 64 and the absorbent
particulate polymer 66 material thereon. The second printing unit 134 may
comprise a second auxiliary adhesive applicator 148 for applying an
auxiliary adhesive to the second substrate 72, a second rotatable support
roll 152 for receiving the second substrate 72, a second absorbent
particulate polymer feeder (hopper) 154 for holding the absorbent
particulate polymer material 74, a second printing roll 156 for
transferring the absorbent particulate polymer material 74 from the hopper
154 to the second substrate 72, and a second thermoplastic adhesive
material applicator 158 for applying the thermoplastic adhesive material 76
to the second substrate 72 and the absorbent particulate polymer material
74 thereon. The printing system 130 also includes a guide roller 160 for
guiding the formed absorbent core from a nip 162 between the first and
second rotatable support rolls 140 and 152. The first and second auxiliary
applicators 136 and 148 and the first and second thermoplastic adhesive
material applicators 146 and 158 may be a nozzle system which can provide a
relatively thin but wide curtain of thermoplastic adhesive material.
Turning to Fig. 11, portions of the first hopper 142, first support roll
140, and first printing roll 144 are illustrated. As also shown in Fig. 12,
the first rotatable support roll 140, which has the same structure as the
second rotatable support roll 152, comprises a rotatable drum 164 and a
peripheral vented support grid 166 for receiving the first substrate 64.
The first vented support grid 166 extends in a cross direction 167a
parallel to an axis of rotation of the first support roll 140 and a machine
direction 167b substantially perpendicular to the cross direction 167a. The
vented support grid 166 may include a first plurality of cross bars 168
extending substantially parallel to and spaced from one another so as to
form channels 170 extending between the first plurality of cross bars 168.
The first plurality of cross bars 168 extend in the cross direction 167a of
the first vented support grid 166 and are spaced from one another so that
the channels 170 extend between the first plurality of cross bars 168 in
the cross direction 167a of the first vented support grid 166. As shown in
Fig. 13, the first vented support grid 166 further comprises a plurality of
spacers 172 spaced from one another and extending between the first
plurality of cross bars 168 in the machine direction 167b of the first
vented support grid 166. The first plurality of cross bars 168 each have a
substantially straight outwardly facing edge 174 extending across
substantially the entire first vented support grid 166.As also illustrated
in Fig. 14, the first printing roll 144, which has the same structure as 



the second printing roll 156, comprises a rotatable drum 180 and a
plurality of absorbent particulate polymer material reservoirs 182 in a
first peripheral surface 184 of the drum 180. The reservoirs 182, best
illustrated in Fig. 15, may have a variety of shapes, including
cylindrical, conical, or any other shape. Fig. 16 and Fig. 17 demonstrate
additional embodiments contemplated by the invention. Fig. 16 shows a
partial perspective view of an alternative printing roll showing absorbent
particulate polymer material reservoirs. In this embodiment, the individual
round holes in the print roll are replaced with single or multiple slots.
Fig. 17 demonstrates that the orientation of the bars in the laydown drum
and/or the print roll can be different from perpendicular to the MD,
resulting in a pattern as shown in Fig. 17. Further, a combination of these
embodiments is also contemplated by the invention. The first peripheral
surface 184 extends in a cross direction 185a parallel to an axis of
rotation of the first printing roll 144 and a machine direction 185b
substantially perpendicular to the cross direction 185a. The first
plurality of reservoirs 182 in the first peripheral surface 184 are
arranged in an array 186 comprising rows 187 extending substantially
parallel to and spaced from one another. The first support roll 140 and
first printing roll 144 are arranged such that the first plurality of cross
bars 168 are substantially parallel to the rows 187 of the first plurality
of reservoirs 182 in the first peripheral surface 184, so that, when the
first printing roll 144 rotates, the first plurality of reservoirs 182
receive absorbent particulate polymer material 66 from the first absorbent
particulate polymer material feeder 142 and deposit the absorbent
particulate polymer material 66 on the first substrate 64 in a first
pattern 92 such that the absorbent particulate polymer material 66 collects
in rows 94 on the first substrate 64 formed between the first plurality of
cross bars 168. The rows 187 of first plurality of reservoirs 182 extend in
the cross direction 185a of the first peripheral surface 184 and are spaced
from one another in the machine direction 185b of the first peripheral
surface 184. The first support roll 140 and the first printing roll 144 are
arranged such that the machine direction 167b of the first vented support
grid 166 is substantially parallel to the machine direction 185b of the
first peripheral surface 184 and the cross direction 167a of the first
vented support grid 166 is substantially parallel to the cross direction
185a of the first peripheral surface 184. According to a certain
embodiment, the plurality of reservoirs 182 in the first printing roll 144
each have a diameter 188 of about 3 to about 8 mm or about 4 to about 6 mm,
a spacing 190 in a cross direction 185a of about 5.5 to about 10 mm or
about 6 to about 8 mm or about 7.6mm from reservoir center 192 to reservoir
center 192, and a spacing 194 in a machine direction 185b of about 8 to
about 10 mm from reservoir center 192 to reservoir center 192. According to
a certain embodiment, the reservoirs 182 may have a depth of about 2 mm.
The size of the reservoirs 182 may vary across the array 186 as desired to
affect the basis weight distribution of the absorbent particulate polymer
material 66 across the absorbent particulate polymer material area 114 of
the absorbent core 14. In operation, the printing system 130 receives the
first and second substrate 64 and 72 into the first and second printing
units 132 and 134, respectively, the first substrate 64 is drawn by the
rotating first support roll 140 past the first auxiliary adhesive
applicator 136 which applies the first auxiliary adhesive to the first
substrate 64 in a pattern such as described hereinabove. The first
substrate 64 is disposed on the first vented support grid 166 so that the
first substrate 64 directly contacts at least some of the first plurality
of cross bars 168 and, in a certain embodiment, the first substrate 64
directly contacts the outwardly facing edges 174 of the first plurality of
cross bars 168 across substantially the entire length of the vented support
grid 166. According to a certain embodiment, about 8% of the area of the
first substrate 64 contacts the outwardly facing edges 174 of the first
plurality of cross bars 168. A vacuum (not shown) within the first support
roll 140 draws the first substrate 64 against the vertical support grid 166
and holds the first substrate 64 against the first support roll 



140. This presents an uneven surface on the first substrate 64. Due to
gravity, or by using the vacuum means, the substrate 64 will follow the
contours of the uneven surface and thereby the substrate 64 will assume a
mountain and valley shape with the mountains corresponding to the first
plurality of cross bars 168 and the valleys corresponding to the channels
170 therebetween. The absorbent particulate polymer material 66 may
accumulate in the channels 170 presented by the substrate 64 and form the
rows 94 in the absorbent particulate polymer material pattern 92. The first
support roll 140 then carries the first substrate 64 past the rotating
first printing roll 144 which transfers the absorbent particulate polymer
material 66 from the first hopper 142 to the first substrate 64 in the grid
pattern 92 which is best illustrated in Figs. 5 and 6. The support roll 140
then carries the printed first substrate 64 past the thermoplastic adhesive
material applicator 136 which applies the thermoplastic adhesive material
68 to cover the absorbent particulate polymer material 66 on the first
substrate 64.Hence, the uneven surface of the vented support grid 166 of
the support rolls 140 and 152 determines the distribution of absorbent
particulate polymeric material 66 and 74 throughout the absorbent core 14
and likewise determines the pattern of junction areas 96. Meanwhile, the
second rotatable support roll draws the second substrate 72 past the second
auxiliary adhesive applicator 148 which applies an auxiliary adhesive to
the second substrate 72 in a pattern such as is described hereinabove. The
second rotatable support roll 152 then carries the second substrate 72 past
the second printing roll 156 which transfers the absorbent particulate
polymer material 74 from the second hopper 154 to the second substrate 72
and deposits the absorbent particulate polymer material 74 in the grid
pattern 92 on the second substrate 72 in the same manner as described with
regard to the first printing unit 132 above. The second thermoplastic
adhesive material applicator 158 then applies the thermoplastic adhesive
material 76 to cover the absorbent particulate polymer material 74 on the
second substrate 72. The printed first and second substrates 64 and 72 then
pass through the nip 162 between the first and second support rolls 140 and
152 for compressing the first absorbent layer 60 and second absorbent layer
62 together to form the absorbent core 14. In an optional further process
step a cover layer 70 may be placed upon the substrates 64 and 72, the
absorbent particulate polymer material 66 and 74, and the thermoplastic
adhesive material 68 and 76. In another embodiment, the cover layer 70 and
the respective substrate 64 and 72 may be provided from a unitary sheet of
material. The placing of the cover layer 70 onto the respective substrate
64 and 72 may then involve the folding of the unitary piece of material.
Embodiments described hereinabove may provide good uniformity of absorbent
particulate polymer material distribution across the absorbent particulate
polymer material area 114 of the absorbent core 14 at lesser blow off air
pressure and lesser vacuum applied by the support rolls 140 and 152 and may
reduce amount of absorbent particulate polymer material that needs to be
recycled while maintaining or even enhancing wet immobilization of the
absorbent particulate polymer material. In addition, process control may be
simplified because little or no offset between the first and second
absorbent layers 60 and 62 is required in the cross direction. Furthermore,
because the rows 94 of absorbent particulate polymer material extend in a
cross direction which is substantially perpendicularly to the longitudinal
axis 100 of the absorbent core 14, the boundaries of the absorbent
particulate polymer material pattern The test method and apparatuses
described below may be useful in testing embodiments of this invention:Wet
Immobilization Test Equipment  Graduated Cylinder  Stop watch ( 0.1 sec)
Scissors  Light Box 



Pen  Test solution: 0.90% saline solution at 37C  Metal ruler traceable to
NIST, DIN, JIS or other comparable National Standard  PVC/metal dishes with
a flat surface inside and a minimum length of the core bag length (n) to be
measured and a maximum length n + 30mm, width of 105  5 mm, height of 30-80
mm or equivalent  Electronic Force Gauge (Range 0 to 50 Kg)  Wet
Immobilization Impact Tester Equipment (WAIIT), Design package number: BM-
00112.59500-R01 available from T.M.G. Technisches Buero Manfred Gruna
Facilities: Standard laboratory conditions, temperature: 23C 2C, relative
humidity: < 55% Sample Preparation 1. Open the product, topsheet side up.
2. Unfold the diaper and cut the cuff elastics approximately every 2.5 cm
to avoid chassis tension. 3. For pull-up products open the side seams and
remove the waistbands. 4. Lay the core bag flat and rectangular topsheet
side up onto the light box surface without any folds. 5. Switch on the
light box to clearly identify the absorbent core outer edges. 6. With a
ruler, draw a line at the front and back absorbent core outer edges. 7.
Measure the distance (A), between the two markers and divide the value by
2, this will be calculated distance (B). 8. Measure the calculated distance
(B) from front marker towards the middle of the core bag and mark it. At
this marker draw a line in the cross direction. Test ProcedureWAIIT
Calibration: 1. Make sure that the sliding board is in the lower position.
Open the front door of the WAIIT tester and connect the force gauge hook to
the upper sample clamp of the WAIIT. Make sure that the clamp is closed
before connecting the spring-balance. 2. Use both hands on the
spring-balance to lift continuously and as slowly as possible up the
sliding board towards the upper position. Record the average value (mi)
during the execution to the nearest 0.02 kg. 3. Guide down the sliding
board as slowly as possible to the lower position and record the average
value (m2) read off during execution to the nearest 0.02 kg. 4. Calculate
and report the delta of mi - m2 to the nearest 0.01 kg. If the delta is 0.6
kg  0.3 kg continue measurement. Otherwise, an adjustment of the sliding
board is necessary. Make sure that the sliding board is in lower position
and check the sliding path for any contamination or damage. Check if the
position of the sliding board to the sliding path is correctly adjusted by
shaking the board. For easy gliding some clearance is needed. If not
present, readjust the system. WAIIT test settings:  Drop height is 50 cm.
Diaper load (ID) is 73% of the core capacity (cc); ID = 0.73 x cc.  Core
capacity (cc) is calculated as: cc = GGISAP X SAPGV, where msAP is the mass
of superabsorbent polymer (SAP) present in the diaper and SAP GV is the
free swelling capacity of the superabsorbent polymer. Free swelling
capacity of the superabsorbent polymer is determined with the method
described in WO 2006/062258. The mass of the superabsorbent polymer present
in the diaper is the average mass present in ten products. Test execution: 



1. Reset the balance to zero (tare), put the dry core bag on the balance,
weigh and report it to the nearest 0.1 g. 2. Measure the appropriate volume
Saline (0.9% NaCl in deionized water) with the graduated cylinder. 3. Lay
the core bag, topsheet side up, flat into the PVC dish. Pour the saline
evenly over the core bag.4. Take the PVC dish and hold it slanting in
different directions, to allow any free liquid to be absorbed. Products
with poly-backsheet need to be turned after a minimum waiting time of 2
minutes so that liquid under the backsheet can be absorbed. Wait for 10
minutes (+/- 1 minute) to allow all saline to be absorbed. Some drops may
retain in the PVC dish. Use only the defined PVC/metal dish to guarantee
homogenous liquid distribution and less retained liquid. 5. Reset the
balance to zero (tare), put the wet core bag on the balance. Weigh and
report it to the nearest 0.1 g. Fold the core bag just once to make it fit
on the balance. Check to see if the wet core bag weight is out of limit
(defined as "dry core bag weight + diaper load  4 ml"). For example, 12 g
dry core bag weight + 150 ml load = 162 g wet core bag weight. If the
actual wet weight on the scale is between 158g and 166g, the pad can be
used for shaking. Otherwise scrap the pad and use the next one. 6. Take the
loaded core bag and cut the pad along the marked line in the cross
direction. 7 . Put the back of the wet core bag onto the balance (mi).
Weigh and report it to the nearest 0.1 g. 8. Take the wet core and clamp
the end seal side in the top clamp of the sample holder of the WAIIT (open
end of the core oriented down). Next, clamp both sides of the core with the
side clamps of the sample holder making sure that the product is fixed to
the sample holder along the whole product length. Make sure not to clamp
the absorbent core, only the nonwoven; for some products this means
securing the product with only the barrier leg cuff. 9. Lift up the sliding
board to the upper position by using both hands until the board is engaged.
10. Close the safety front door and release the slide blade. 11. Reset the
balance to zero (tare), take the tested core bag out of the WAIIT and put
it on the balance (m2) . Report the weight to the nearest 0.1 g. 12. Repeat
steps 7 to 11 with front of the wet core bag. Reporting: 1. Record the dry
core bag weight to the nearest 0.1 g. 2. Record the wet weight before (mi
front/back) and after (m front/back) testing, both to the nearest 0.1 g.3.
Calculate and report the average weight loss (Dm) to the nearest 0.1 g : Dm
= (mifront + miback) - (m 2fr ont + ni2back) 4. Calculate and report the
weight loss in percent to the nearest 1%, (Dmrei): (Dmrei) = (((nii front +
miback) - (m 2front + m 2back)) X 100) / (mi front + miback) 5. Calculate
and report Wet Immobilization (WI) as: WI = 100% - Dmrei All patents and
patent applications (including any patents which issue thereon) assigned to
the Procter & Gamble Company referred to herein are hereby incorporated by
reference to the extent that it is consistent herewith. The dimensions and
values disclosed herein are not to be understood as being strictly limited
to the exact numerical values recited. Instead, unless otherwise specified,
each such dimension is intended to mean both the recited value and a
functionally equivalent range surrounding that value. For example, a
dimension disclosed as "40 mm" is intended to mean "about 40 mm." 



All documents cited in the Detailed Description of the Invention are, in
relevant part, incorporated herein by reference; the citation of any
document is not to be construed as an admission that it is prior art with
respect to the present invention. To the extent that any meaning or
definition of a term in this document conflicts with any meaning or
definition of the same term in a document incorporated by reference, the
meaning or definition assigned to that term in this document shall govern.
While particular embodiments of the present invention have been 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. It is therefore intended to cover in the
appended claims all such changes and modifications that are within the
scope of this invention.What is claimed is: 1. A method of making a
disposable absorbent article comprising: providing a first support
comprising a first grid including a first plurality of cross bars extending
substantially parallel to and spaced from one another so as to form
channels extending between the first plurality of cross bars; providing a
first printing roll having a first peripheral surface and a first plurality
of reservoirs in the first peripheral surface arranged in an array
comprising rows extending substantially parallel to and spaced from one
another; depositing absorbent particulate polymer material from the first
plurality of reservoirs onto a first substrate disposed on the first grid,
while the first support and first printing roll are arranged such that the
first plurality of cross bars are substantially parallel to the rows of the
first plurality of reservoirs, the absorbent particulate polymer material
being deposited on the first substrate in a first pattern such that the
absorbent particulate polymer material collects in rows on the first
substrate formed between the first plurality of cross bars; and depositing
a thermoplastic adhesive material on the absorbent particulate polymer
material and the first substrate to cover the absorbent particulate polymer
material on the first substrate and form a first absorbent layer. 2. The
method according to claim 1 wherein: the first grid of the first support
extends in a machine direction and a cross direction substantially
perpendicular to the machine direction and the first plurality of cross
bars extend in the cross direction of the first grid and spaced from one
another so that the channels extend between the first plurality of cross
bars in the cross direction of the first grid; the peripheral surface of
the first printing roll extends in a machine direction and a cross
direction substantially perpendicular to the machine direction, the rows of
first plurality of reservoirs extend in the cross direction of the first
peripheral surface and are spaced from one another in the machine direction
of the first peripheral surface; and the step of depositing comprises
depositing the absorbent particulate polymer material from the first
plurality of reservoirs onto the first substrate disposed on the firstgrid
while the first support and first printing roll are arranged such that the
machine direction of the first grid is substantially parallel to the
machine direction of the first peripheral surface and the cross direction
of the first grid is substantially parallel to the cross direction of the
first peripheral surface; preferably, the rows of absorbent particulate
polymer material on the first substrate are separated by junction areas
between the rows of absorbent particulate polymer material; preferably, the
first plurality of cross bars each have a substantially straight outwardly
facing edge extending across substantially the entire first grid; 



preferably, the first substrate is disposed on the first grid so that the
first substrate directly contacts at least some of the first plurality of
cross bars; preferably, the first grid further comprises a plurality of
spacers spaced from one another and extending between the first plurality
of cross bars in the machine direction of the first support. 3. The method
according to any of the preceding claims further comprising: providing a
second support comprising a second grid including a second plurality of
cross bars extending substantially parallel to and spaced from one another
so as to form channels extending between the second plurality of cross
bars; providing a second printing roll having a second peripheral surface
and a second plurality of reservoirs in the second peripheral surface
arranged in an array comprising rows extending substantially parallel to
and spaced from one another; depositing absorbent particulate polymer
material from the second plurality of reservoirs onto a second substrate
disposed on the second grid, while the second support and second printing
roll are arranged such that the second plurality of cross bars are
substantially parallel to the rows of the second plurality of reservoirs,
the absorbent particulate polymer material being deposited on the second
substrate in a second pattern such that the absorbent particulate polymer
material collects in rows on the second substrate formed between the second
plurality of cross bars of the second support; depositing a thermoplastic
adhesive material on the absorbent particulate polymer material and the
second substrate to cover the absorbent particulate polymer material on the
second substrate and form a second absorbent layer;combining said first and
second absorbent layers together in juxtaposed relation such that at least
a portion of said thermoplastic adhesive material of said first absorbent
layer contacts at least a portion of the thermoplastic adhesive material of
said second absorbent layer, the absorbent particulate polymer material is
disposed between the first and second substrates in an absorbent
particulate polymer material area, and the absorbent particulate polymer
material is substantially continuously distributed across the absorbent
particulate polymer material area. 4. The method according to claim 3
wherein: the first grid of the first support extends in a machine direction
and a cross direction substantially perpendicular to the machine direction
and the first plurality of cross bars extend in the cross direction of the
first grid and spaced from one another so that the channels extend between
the first plurality of cross bars in the cross direction of the first grid;
the second grid of the second support extends in a machine direction and a
cross direction substantially perpendicular to the machine direction and
the second plurality of cross bars extend in the cross direction of the
second grid and spaced from one another so that the channels extend between
the second plurality of cross bars in the cross direction of the second
grid; the peripheral surface of the first printing roll extends in a
machine direction and a cross direction substantially perpendicular to the
machine direction, the rows of first plurality of reservoirs extend in the
cross direction of the first peripheral surface and are spaced from one
another in the machine direction of the first peripheral surface; the
peripheral surface of the second printing roll extends in a machine
direction and a cross direction substantially perpendicular to the machine
direction, the rows of second plurality of reservoirs extend in the cross
direction of the second peripheral surface and are spaced from one another
in the machine direction of the second peripheral surface; the step of
depositing the absorbent particulate polymer material from the first 



plurality of reservoirs comprises depositing the absorbent particulate
polymer material from the first plurality of reservoirs onto the first
substrate disposed on the first grid while the first support and first
printing roll are arranged such that the machine direction of the first
grid is substantially parallel to the machine direction of the first
peripheralsurface and the cross direction of the first grid is
substantially parallel to the cross direction of the first peripheral
surface; and the step of depositing the absorbent particulate polymer
material from the second plurality of reservoirs comprises depositing the
absorbent particulate polymer material from the second plurality of
reservoirs onto the first substrate disposed on the second grid while the
second support and second printing roll are arranged such that the machine
direction of the second grid is substantially parallel to the machine
direction of the second peripheral surface and the cross direction of the
second grid is substantially parallel to the cross direction of the second
peripheral surface. 5. The method according to any of the preceding claims,
wherein the rows of absorbent particulate polymer material on the first and
second substrates are separated by junction areas between the rows of
absorbent particulate polymer material and the step of combining comprises
combining said first and second absorbent layers together so that the rows
of absorbent particulate polymer material on the first substrate are
disposed between and substantially parallel to rows of absorbent
particulate polymer material on the second substrate. 6. The method
according to any of the preceding claims, wherein the step of combining the
first and second absorbent layers comprises combining the first and second
absorbent layers together such that the first and second patterns of
absorbent particulate polymer material are offset from one another in the
machine direction. 7. The method according to any one of the preceding
claims, wherein: the first support is a first support roll and the step of
depositing the absorbent particulate polymer material on the first
substrate further comprises depositing the absorbent particulate polymer
material on the first substrate by rotating the first printing roll and
rotating the first support roll; and the second support is a second support
roll and the step of depositing the absorbent particulate polymer material
on the second substrate further comprises depositing the absorbent
particulate polymer material on the second substrate by rotating the second
printing roll and rotating the second support roll;preferably, the first
support roll is a first vacuum support roll and the step of depositing the
absorbent particulate polymer material on the first substrate further
comprises holding the first substrate to the first vacuum support roll with
a vacuum; and the second support roll is a second vacuum support roll and
the step of depositing the absorbent particulate polymer material on the
second substrate further comprises holding the second substrate to the
second vacuum support roll with a vacuum. 8. The method according to any
one of the preceding claims, wherein the first and second plurality of
reservoirs are cylindrical or conical; preferably, the plurality of
reservoirs in the first printing roll and the plurality of reservoirs each
have a diameter of about 3 to about 8 mm, a spacing in a cross direction of
about 5.5 to about 10 mm from reservoir center to reservoir center, and a
spacing in a machine direction of about 8 to about 10 mm from reservoir
center to reservoir center. 9. An apparatus for making a disposable
absorbent article comprising: a first absorbent particulate polymer
material feeder; a first support comprising a first grid including a first
plurality of cross bars extending substantially parallel to and spaced from
one another so as to form channels extending between the first plurality of
cross bars; 



a first printing roll for receiving absorbent particulate polymer material
from the first absorbent particulate polymer material feeder having a first
peripheral surface and a first plurality of reservoirs in the first
peripheral surface arranged in an array comprising rows extending
substantially parallel to and spaced from one another, the first support
and first printing roll arranged such that the first plurality of cross
bars are substantially parallel to the rows of the first plurality of
reservoirs in the first peripheral surface, so that, when the first
printing roll rotates, the first plurality of reservoirs roll receive
absorbent particulate polymer material from the first absorbent particulate
polymer material feeder and deposit the absorbent particulate polymer
material on the first substrate in a first pattern such that the absorbent
particulate polymer material collects in rows on the first substrate formed
between the first plurality of cross bars; and a first thermoplastic
adhesive material applicator for applying thermoplastic adhesive material
applicator on the absorbent particulate polymer material and the
firstsubstrate to cover the absorbent particulate polymer material on the
first substrate and form a first absorbent layer. 10. The apparatus
according to claim 9 further comprising: a second absorbent particulate
polymer material feeder; a second support comprising a second grid
including a second plurality of cross bars extending substantially parallel
to and spaced from one another so as to form channels extending between the
second plurality of cross bars; a second printing roll having a second
peripheral surface and a second plurality of reservoirs in the second
peripheral surface arranged in an array comprising rows extending
substantially parallel to and spaced from one another, the second support
and first printing roll arranged such that the second plurality of cross
bars are substantially parallel to the rows of the second plurality of
reservoirs in the second peripheral surface, so that, when the second
printing roll rotates, the second plurality of reservoirs roll receive
absorbent particulate polymer material from the second absorbent
particulate polymer material feeder and deposit the absorbent particulate
polymer material on the second substrate in a second pattern such that the
absorbent particulate polymer material collects in rows on the second
substrate formed between the second plurality of cross bars; and a
thermoplastic adhesive material applicator for depositing a thermoplastic
adhesive material on the absorbent particulate polymer material and the
second substrate to cover the absorbent particulate polymer material on the
second substrate and form a second absorbent layer, wherein the first and
second supports are arranged for combining said first and second absorbent
layers together in juxtaposed relation such that at least a portion of said
thermoplastic adhesive material of said first absorbent layer contacts at
least a portion of the thermoplastic adhesive material of said second
absorbent layer, the absorbent particulate polymer material is disposed
between the first and second substrates in an absorbent particulate polymer
material area, and the absorbent particulate polymer material is
substantially continuously distributed across the absorbent particulate
polymer material area; preferably, the first and second plurality of
reservoirs are cylindrical or conical;preferably, the first plurality of
cross bars each have a substantially straight outwardly facing edge
extending across substantially the entire first grid. 


