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(57) ABSTRACT 

The Surface energy of polymeric Substrates is increased by 
the application or incorporation of novel amphiphilic block 
copolymers. The block copolymer additives comprise a 
linear hydrophilic polymer or oligomer and a random hyper 
branched polymer or oligomer and is completely or partially 
terminated with lipophilic end groups. The polymeric 
articles or constructions which benefit from the application 
or incorporation of the amphiphilic block copolymers in the 
areas of anti-fog, dissipation of Static electricity, paintability, 
dyeability, printability, wicking of moisture, adhesion and 
polymer compatibility include carpet fibers, composite 
fibers, agricultural films, nonwoven coverStock, exterior 
automotive bumper fascia, packaging, hygienic products, 
incompatible polymer blends, laminated articles and eye 
WC. 
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HYPER BRANCHED AMPHIPHILIC POLYMERC 
ADDITIVES AND POLYMER COMPOSITIONS 

WITH INCREASED SURFACE ENERGY 

0001) This application claims the benefit under 35 USC 
119(e) of U.S. Provisional Application Ser. No. 60/181,332 
filed on Feb. 9, 2000. 

0002 The present invention relates to novel asymmetric 
hyperbranched copolymers, a process for their preparation, 
and to their use as polymer additives that migrate to the 
Surface of a polymer and have beneficial effects on the 
Surface properties of the polymer. 

0.003 Random hyperbranched polymers are known. 
Hyperbranched polymers are obtained from the random 
polymerization of monomers in the presence of at least one 
polyfunctional monomer capable of introducing branching. 
Such a synthetic scheme is shown by Hawker and Devon 
port in “Step-Growth Polymers for High-Performance Mate 
rials: New Synthetic Methods.” Hedrick, J. L. and Labadie, 
J. W., Eds., Am. Chem. Soc., Washington, D.C., 1996, pp. 
191-193. Hult, et al., in" Advances in Polymer Science,” Vol. 
143 (1999), Roovers, J., Ed., Springer, New York, pp. 1-34, 
present a review of hyperbranched polymers. 

0004 U.S. Pat. No. 3,441,953 teaches that discrete esters 
of certain hindered dihydroxycarboxylic acids possess desir 
able properties and which may be used as textile Softeners, 
lubricants, wetting and rewetting agents and textile assis 
tants and which impart properties Such as improved Softness, 
Scorch resistance, wettability and rewettability, static con 
trol, lubricity, tensile and tear Strengths and Sewability to 
textile materials. An example is given where polyethylene 
glycol (PEG) is reacted with dimethylolpropionic acid (2.2- 
bis (hydroxymethyl)propionic acid or BMPA) to form a PEG 
monoester of BMPA. This diol-ester is subsequently reacted 
with a tallow fatty acid to form the tallow fatty acid diester. 
In fact, it is believed that in the first step that a discrete 
PEG-BMPA monoester is not formed but that some hyper 
branching must have occurred, resulting in a hyperbranched 
polyester. 

0005 Functionalization or end-capping of hyper 
branched polymers with various groups is known. 

0006 WO 97/23538 and WO97/23539 disclose highly 
branched epoxide functional and alkenyl functional polyes 
ters respectively. The polyester is prepared by Self-condens 
ing a di, tri, or polyhydroxy functional monocarboxylic acid 
monomer and which polyester contains at least one carboxyl 
group and multi hydroxyl groups. The polyester is reacted 
with an epoxide containing compound Such as epichlorohy 
drin or a compound containing an oxidizable unsaturation to 
introduce the epoxide functionality. Likewise, it is reacted 
with a compound containing allylic or acrylic groups to 
introduce the alkenyl functionality. 

0007 U.S. Pat. No. 3,669,939 discloses highly branched 
Self-condensates of polyhydroxymonocarboxylic acids, for 
example dimethylolpropionic acid. Monocarboxylic acids 
may be present in the condensation reaction. The resulting 
resins are useful in coating compositions. 

0008 U.S. Pat. No. 5,136,014 discloses hyperbranched 
polyester polymers and copolymers that may be chemically 
capped, crosslinked, or copolymerized with diols or dicar 
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boxylic acids. Suitable capping agents include anhydrides, 
acyl chlorides, isocyanates and benzylisothiocyanate. 
0009 Schmaljohann, et al., Polymeric Materials Science 
and Engineering, 77 (1997), p. 173, discloses that hyper 
branched aromatic polyesters and a hyperbranched polyester 
based on Self-condensation of 2,2-bis(hydroxymethyl)pro 
pionic acid may be functionalized with alkyl acid chlorides 
of 2 to 18 carbon atoms, resulting in hyperbranched poly 
esters with an amphiphilic character. 
0010 Highly branched dendritic polymers are well 
known, as discussed for example in “Polymeric Materials 
Encyclopedia,” Vol. 5 (1996), J.C. Salamone, Ed., CRC 
Press, New York, pp. 3049-3053. Dendritic polymers have a 
non-linear architecture and are intrinsically globular in 
shape. Discrete, Stepwise Synthetic methods are used to 
prepare highly branched pure compounds, or dendrimers. AS 
discussed by Hawker and Devonport in “Step-Growth Poly 
mers for High-Performance Materials: New Synthetic Meth 
ods.” Hedrick, J. L. and Labadie, J. W., Eds., Am. Chem. 
Soc., Washington, D.C., 1996, pp. 186-196, if the macro 
molecule has highly regular branching which follows a strict 
geometric pattern, it is a dendrimer. Dendrimers are typi 
cally monodisperse and are prepared in a multi-step 
approach with purifications at each Stage. 

0011. The architecture of dendrimers is also discussed by 
Roovers and Comanita in “Advances in Polymer Science.” 
Vol. 142 (1999), Roovers, J., Ed., Springer, New York, pp. 
179-228. Dendrimers consist of a core molecule which 
defines the center of Symmetry of the molecule, and branch 
ing layers. Tomalia, et al., in Angew. Chem. Int. Ed. Eng., 29 
(1990), 138-175 disclose “starburst' dendrimers which con 
sist of an initiator core and branching groups. 
0012 Hyperbranched macromolecules result if the 
branching is random and irregular and are therefore not 
monodisperse. There are significant amounts of failure 
Sequences present in Such hyperbranched macromolecules. 
As discussed by Malmstroem, et al., in Macromolecules, 28 
(1995), 1698-1703, a hyperbranched material contains a 
mixture of linear and fully branched A repeating units and 
has a degree of branching of less than unity. An ideal 
dendritic Substance has a degree of branching of unity. 
0013. It is taught in WO99/00439 and WO 99/00440 that 
dendrimers are highly Symmetric, while Similar macromol 
ecules designated as hyperbranched and/or dendritic may to 
a certain degree hold an asymmetry, yet maintaining the 
highly branched tree-like Structure. 
0014 U.S. Pat. No. 5,418,301 teaches polyester-based 
dendritic macromolecules and their use as an alternative to 
conventional polyester alkyd resins. The dendritic macro 
molecules are built from a Symmetric central initiator mol 
ecule or initiator polymer and a monomeric chain extender 
having one carboxyl and two hydroxyl groups and is option 
ally capped with a chain Stopper. The macromolecules 
described therein are prepared in a Stepwise fashion. The 
exemplified central initiator molecules are ditrimethylolpro 
pane, trimethylolpropane and ethoxylated pentaerythritol. It 
is taught that the central initiator compound may be an 
alkoxylate polymer Such as polyethylene glycol or polypro 
pylene glycol as well as polytetrahydrofuran. 

0.015 U.S. Pat. No. 5,663,247 discloses dendritic or near 
dendritic hyperbranched polyester-based macromolecules 
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that comprise a central nucleus, a monomeric or polymeric 
chain extender with at least three reactive sites and option 
ally a chain Stopper. The central nucleus is an epoxide 
compound with at least one reactive epoxide group. The 
chain extender has at least one hydroxyl group and at least 
carboxyl or epoxy group. The chain extender may be for 
example dimethylolpropionic acid. The examples given 
employ a stepwise preparation and employ as the nucleus a 
bisphenol A-diglycidyl ether and triglycidyl isocyanurate. 

0016 WO96/13558 discloses a binder composition com 
prised of at least one unsaturated monomer and at least one 
unsaturated polyester. The unsaturated polyester is a den 
dritic or hyperbranched macromolecule comprising a 
nucleus, a chain extender, and a chain Stopper. The nucleus 
has at least one reactive hydroxyl or epoxide group. The 
chain extender has at least two reactive hydroxyl groups and 
at least one reactive carboxyl group. The unsaturation in the 
polyester is introduced through the chain Stopper. Stepwise 
methods are disclosed for the preparation of the polyesters. 
The exemplified polyesters are prepared from a nucleus of 
ethoxylated pentaerythritol. 

0017 WO 96/19537 discloses thermosetting materials 
Such as composites with increased toughness with the incor 
poration of functionalized polyester dendritic or hyper 
branched macromolecules in the thermosetting resin. The 
polyester macromolecules contain at least one primary or 
Secondary reactive site. The macromolecules are built from 
a nucleus having at least one reactive epoxide or hydroxyl 
group, a chain extender with at least two reactive hydroxyl 
groups and at least one reactive carboxyl group and a chain 
Stopper. The reactive sites are introduced through the chain 
termination. The disclosed polyesters are prepared in a 
Stepwise fashion. The exemplified polyesters are prepared 
from a nucleus of pentaerythritol pentaethoxylate. 
0018 WO 97/49781 discloses a refrigeration working 
fluid comprising a lubricant comprising at least one chain 
terminated dendritic or hyperbranched polyester macromol 
ecule and a refrigerant. The polyesters are composed of a 
nucleus, a chain extender and a chain terminator. The 
nucleus is a mono, di, tri, or polyfunctional alcohol or 
epoxide. The chain extender is an hydroxy functional car 
boxylic acid and the chain terminator is a aliphatic carboxy 
lic acid. The exemplified end-capped hyperbranched poly 
esters are prepared in a stepwise fashion with a nucleus of 
either neopentylglycol or trimethylolpropane. 

0019 WO 97/45474 discloses thermoplastic polymers 
grafted with hyperbranched dendritic polyester macromol 
ecules. The polyester macromolecules consist of a nucleus, 
a chain extender and an optional chain Stopper. The nucleus 
has at least one reactive epoxide, hydroxyl, carboxyl or 
anhydride group. The chain extender has at least three 
reactive groups of which at least one is a hydroxyl group and 
at least one is a carboxyl or anhydride group. The optional 
chain Stopper may be for example an aliphatic carboxylic 
acid. The exemplified hyperbranched dendritic polyesters 
are prepared according to a Stepwise method with pen 
taerythritol pentaethoxylate as the nucleus. 
0020 WO99/00439 discloses a process for the prepara 
tion of hyperbranched dendritic polyester alcohols. The 
polyester alcohols (polymeric polyalcohols or polyols) have 
a Symmetrical or near Symmetrical highly branched Struc 
ture. The polymeric polyalcohols are composed of an ini 
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tiator molecule with one or more reactive groups and 
branching chain extender molecules with three functional 
groups of which two are hydroxyl groups and one is a group 
reactive to the initiator molecule and/or hydroxyl groups. 
The two hydroxyl groups of the branching chain extender 
are acetal protected during the addition. Deprotection and 
Subsequent addition of another generation of acetal pro 
tected chain extenders, etc., yields highly branched Sym 
metrical dendrimers. WO99/00440 discloses a similar pro 
ceSS towards the preparation of the Same polymeric 
polyalcohols. A double Stage convergent Synthesis is taught 
wherein the nucleus (initiator molecule) has one or more 
hydroxyl or epoxide groups. The branching chain extender 
molecules have three functional groups of which two are 
hydroxyl groups and one is a carboxyl group. The branching 
generations are prepared first from ketal protected chain 
extenders and a carboxyl protected chain extender and 
deprotection/Subsequent reaction Steps. After deprotecting 
the carboxyl group, the prepared branches are then coupled 
to the nucleus molecule. U.S. Pat. No. 5,041,516 discloses 
a stepwise “convergent' process for the preparation of 
polyaromatic ether and polyamide dendrimers. 
0021 Linear polymer-dendrimer hybrids are known. 
0022 WO 93/21259 discloses dendritic macromolecules 
of Specific shapes. Such as barbells, kites, triblocks and knot 
shaped molecules and a Stepwise method for their prepara 
tion. Several of these specially shaped macromolecules may 
be prepared by Stepwise methods with the incorporation of 
a linear polymer Such as a polyalkyl ether or a polystyrene. 
The dendritic polymer groups with unique reactive sites are 
preferable prepared by the convergent growth method as 
disclosed in U.S. Pat. No. 5,041,516. All of the examples are 
performed with polyaromatic ethers which are true dendrim 
erS prepared by a convergent method as disclosed in U.S. 
Pat. No. 5,041,516, J. Am. Chem. Soc. 112 (1990), 7638 
7647 and J. Chem. Soc. Perkin Trans. I (1991), 1059-1076. 
A broad range of possible uses for the Specially shaped 
compounds is envisioned, including Surface modification 
and compatibilization. Roovers and Comanita in "Advances 
in Polymer Science,” Vol. 142 (1999), Roovers, J., Ed., 
Springer, New York, pp. 211-216 disclose similar hybrid 
macrmolecules. The functional dendrimers are reacted with 
a linear polymer to form the hybrids. 
0023 The use of polyalkylene oxide polymers towards 
effecting the Surface properties of a polymer is known. 
0024. Bergbreiter and Srinivas in Macromolecules 25 
(1992), 636-643, disclose an “entrapment functionalization” 
approach towards modifying the Surface of high-density 
polyethylene. Block cooligomers of polyethylene and poly 
(ethylene glycol) are prepared and intimately mixed with 
Virgin polyethylene. Analysis of polymer films prepared 
from this mixture showed that the poly(ethylene glycol) 
units ended up primarily at the outermost layers of the film. 
0025 U.S. Pat. No. 5,217,573 teaches a method for 
removing laser printer and Xerographic toner, ink or the like 
from paper by alkaline Washing and flotation in the presence 
of a Surfactant which has two lipophilic groups and one 
hydrophilic group. The lipophilic groups are derived from 
rosin acids and the hydrophilic group is derived from 
polyethylene glycol. 
0026 U.S. Pat. No. 5,464,691 discloses the use of an 
amphiphilic resin towards modifying the Surface energy of 
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a polyolefin. The amphiphilic resins are composed of hydro 
carbon Sections and a polar Section. The hydrocarbon Sec 
tions are derived from, for example, long-chain aliphatic 
carboxylic acids and the polar Section is derived from a 
telechelic diol, for example polyethylene glycol. 
0027 U.S. Pat. No. 5,721,322 discloses a method for 
increasing the Surface activity of non-polar polymeric mate 
rials, in particular polyolefins and polystyrenes, with the 
incorporation of a triblock copolymer. The triblock copoly 
mer has two Sections compatible with the host polymer, for 
example long-chain aliphatic groups. The center Section is 
derived from a polyepichlorohydrin telomer. 
0028 U.S. Pat. Nos. 5,240,985, 5,272,196, 5,281,438, 
5,328,951 disclose the use of an amphiphile towards increas 
ing the Surface energy of polyolefins. The amphiphile con 
Sists of a central hydrophilic component and two lipophilic 
components. The hydrophilic component is derived from, 
for example, polyglycols and the lipophilic components are 
derived from, for example fatty acids. 
0029. It has now been found that certain amphiphilic 
block copolymer additives are particularly effective towards 
increasing the Surface energy of polymeric Substrates. The 
amphiphilic block copolymers are novel and are comprised 
of a linear hydrophilic polymer, a hyperbranched polymer, 
and lipophilic end groups. The linear hydrophilic polymer is 
the core or nucleus from which the branching is initiated. 
The hyperbranched Sections are random and irregular and 
contain failure Sequences, they are not dendrimers. 

DETAILED DISCLOSURE 

0.030. Accordingly, a subject of this invention are novel 
(A)(B) and (B)(A)(B) amphiphilic block copolymers 
wherein 

0031 (A) is a linear hydrophilic polymer or oligo 
mer, 

0032 (B) is a random hyperbranched polymer or 
oligomer, and 

0.033 wherein said block copolymers are completely or 
partially terminated with lipophilic groups. 
0034. The hydrophilic polymer or oligomer component 
(A) is derived from a mono or di-functional telechelic 
polymer or oligomer and may itself be a homopolymer, 
block copolymer, random copolymer or alternating copoly 
mer, or the corresponding oligomers. 
0035) Preferably, component (A) is derived from a 
homopolymer, block copolymer, random copolymer or alter 
nating copolymer Selected from the group consisting of 
poly(acrylate)S, poly(methacrylate)S, polyesters, poly(alky 
lene diol)S, poly(alkylene diol) monoalkyl ethers, poly(aryl 
ether)S, poly(Vinyl alcohol)S, poly(acrylamide)S, poly 
(urea)S, poly(urethane)S, poly(methacrylamide)S, poly(eth 
ylene imine)S, poly(Vinyl ether)S, poly(Vinyl ester)S, poly 
(epichlorohydrin), poly(glycidyl ether)s, poly(glycidyl 
ester)S, poly(carbonate)s, poly(thioether)S, poly(thioester)S, 
poly(alkyl Sulfone)S, poly(aryl Sulfone)S, poly(amino acid)S, 
polyamides, epoxy resins, novolac resins and quaternary 
ammonium polyacrylates and polyamines. 
0.036 Quaternary ammonium polyacrylates are for 
example poly(dialyldimethylammonium chloride) (poly 
DADMAC), poly(dimethylaminoethylacrylate) (polyD 
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MAEA) and poly(diethylaminoethylacrylate) (polyDE 
AEA). Polyamides are for example Nylon 6,6. 
0037 Also preferably, component (A) is derived from a 
linear homopolymer with an Mn between 300 and 500,000 
daltons. 

0038 Especially preferred as precursors for component 
(A) are poly(acrylate), poly(methacrylate), poly(alkylene 
diol), poly(alkylene diol) monoalkyl ether, poly(aryl ether), 
poly(acrylamide), poly(methacrylamide), poly(ethylene 
imine), poly(Vinyl ether) and poly(Vinyl ester) linear 
homopolymers with an Mn between 300 and 5,000 daltons. 
0039 Most preferred as precursors for component (A) are 
the poly(alkylene diol)S, for example poly(ethylene glycol)S 
and poly(propylene glycol)S and the corresponding 
monoalkyl ethers. 
0040. Deserving of special mention as precursors for 
component (A) are the monoalkyl ethers of poly(ethylene 
glycol) with an Mn between 300 and 5,000 daltons. 
0041) The reactive functional groups (a) of the telechelic 
polymer or oligomer precursor for (A), and through which 
the linkage with the hyperbranched component (B) is 
formed, are located on one or both ends of the polymer or 
oligomer chain. 
0042. The reactive functional group (a) may be, for 
example, -OH, -NHR, -NH, -SH, -SOH, -COH, 
-COX, -CSOH, -COSH, -CSH, -NCO, epoxy, 
epoxy ether, epoxy ester and X, wherein X is Cl, Br or I and 
R is a linear or branched chain alkyl of 1 to 30 carbon atoms. 
0043. The random hyperbranched polymer or oligomer 
component (B) is derived from at least one multi-functional 
monomer which may undergo Self-condensation to produce 
a highly branched Structure. The monomer or monomers 
have at least two different functional groups, (b) and (c), 
reactive with each other. The monomer or monomers contain 
one group (b) and two or more groups (c). Group (b) is also 
reactive with group (a), which reaction forms the linkage 
which is the focal point for the branching Structure. 
0044) The random hyperbranched polymer or oligomer 
component (B) may itself be a homopolymer or a random 
copolymer or the corresponding oligomers. 
0045 Groups (b) and (c) have the same definition as (a) 
with the provisos that (b) and (c) are not equivalent and that 
(b) is reactive with (c). 
0046 Examples of multi-functional monomers useful in 
the present invention are those that have one carboxylic acid 
group (b) and two hydroxyl groups (c) or one carboxylic 
acid group (b) and two amine groups (c). 
0047 The multi-functional monomers may be for 
example dimethylolpropionic acid (2,2-bis (hydroxymeth 
yl)propionic acid, or BMPA), C.C.-bis-(hydroxymethyl)-bu 
tyric acid, C.C.C.-tris (hydroxymethyl)-acetic acid, O.C.- 
bis(hydroxymethyl)-valeric acid, C.C.- 
bis(hydroxy)propionic acid, C.-phenylcarboxylic acids 
having at least two hydroxyl groups directly pendant to the 
phenyl ring (phenolic hydroxyl groups) Such as 3,5-dihy 
droxybenzoic acid or amino acids Such as Serine, lysine, 
threonine, tyrosine, aspartic acid, glutamic acid and cys 
teine. 

0048. Above monomers wherein one or more of the 
hydroxyl groups are hydroxyalkyl Substituted can possibly 
also be used as a monomer. 
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0049. When component (B) is a random copolymer 
derived from two different multi-functional monomers, the 
monomers may be for example two of the monomers 
Selected from above Such as dimethylolpropionic acid and 
O.C.-bis(hydroxymethyl)butyric acid. 
0050 Preferably, at least one of the multi-functional 
monomers is dimethylolpropionic acid (2,2-bis(hydroxym 
ethyl)propionic acid, or BMPA). 
0051. The terminal lipophilic groups may be for example 
straight or branched chain alkyl of 1 to 100 carbon atoms, 
straight or branched chain alkenyl of 1 to 100 carbon atoms, 
straight or branched chain alkynyl of 1 to 100 carbon atoms, 
cycloalkyl of 5 to 12 carbon atoms, polycycloalkyl of 14 to 
112 carbon atoms, phenylalkyl of 7 to 15 carbon atoms, 
phenylalkenyl of 7 to 15 carbon atoms or phenylalkynyl of 
7 to 15 carbon atoms. 

0.052 Preferably, the terminal lipophilic groups are 
Straight or branched chain alkyl, alkenyl or alkynyl, each of 
14 to 22 carbon atoms. 

0.053 Examples where the lipophilic groups are polycy 
cloalkyl groups are polynorbornene and hydrogenated 
polynorbornene. 
0.054 The lipophilic groups are derived from the appro 
priate mono or di-functional alkyl, alkenyl, alkynyl or 
cycloalkyl group with one or two reactive groups (d), 
wherein (d) is reactive with group (c) of the multi-functional 
monomer and/or the hyperbranched Structure. Reactive 
group (d) has the same definition as groups (a), (b) and (c). 
0.055 The terminal lipophilic groups may, for example, 
be derived from mono- or di-carboxylic acids, or where 
appropriate, reactive equivalents of carboxylic acids Such as 
anhydrides or acid chlorides. Examples of Suitable precur 
Sors for the lipophilic groups are acetic acid, propionic acid, 
butyric acid, Valeric acid, isobutyric acid, trimethylacetic 
acid, caproic acid, caprylic acid, heptanoic acid, capric acid, 
pelargonic acid, lauric acid, myristic acid, palmitic acid, 
Stearic acid, behenic acid, lignoceric acid, ceratic acid, 
montanoic acid, isoStearic acid, isononanoic acid, 2-ethyl 
hexanoic acid, oleic acid, ricinoleic acid, linoleic acid, 
linolenic acid, erucic acid, Soybean fatty acid, linseed fatty 

(1) 

O O(H)COR 

O > 70 
MPEG No > 70 O(H)COR 

O O O 
O(H)COR 
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acid, dehydrated castor fatty acid, tall oil fatty acid, tung oil 
fatty acid, Sunflower fatty acid, Safflower fatty acid, acrylic 
acid, methacrylic acid, maleic anhydride, orthophthalic 
anhydride, terephthalic acid, isophthalic acid, adipic acid, 
aZelaic acid, Sebacic acid, tetrahydrophthalic anhydride, 
hexahydrophthalic anhydride, Succinic acid and polyolefin 
carboxylic acids. 
0056 Preferably, the lipophilic groups are derived from 
Straight or branched chain alkylcarboxylic acids of 14 to 22 
carbon atoms. 

0057 Most preferably the lipophilic groups are derived 
from myristic acid, Stearic acid, isoStearic acid and behenic 
acid. 

0058. Further, the terminal lipophilic groups need not be 
equivalent, i.e., the copolymers of this invention may com 
prise terminal lipophilic groups that are the same or differ 
ent. The lipophilic groups then are derived from more than 
one mono or di-functional alkyl, alkenyl, alkynyl or 
cycloalkyl groups as defined above. 
0059) Accordingly, the linkages formed between (A) and 
(B) and which are focal points for the branching structure of 
the copolymer, and the linkages formed between (B) and the 
terminal lipophilic groups may be for example -O-, 
S-, -SO2-, -CO-, -CONH-, -CONR-, 
NH-, -NR-, -OCO-, -COS-, -CSO-, 

-CS-, - NHCONH-, -NHCSNH-and 
-OCHCHOHCHOCO-. Most commonly the linkages 
between (A) and (B) and between (B) and the terminal 
lipophilic groups are -OCO-. 
0060 AS mentioned, the hyperbranched sections of the 
block copolymers of this invention are random and irregular 
and contain failure Sequences. They contain linear and fully 
branched repeating units. For example, an (A)(B) copolymer 
of this invention, wherein component (A) is derived from 
poly(ethylene glycol) monomethyl ether (MPEG), compo 
nent (B) is derived from dimethylolpropionic acid, the 
terminal lipophilic groups are derived from an alkylcarboxy 
lic acid (RCOOH) and the ratio of dimethylolpropionic acid 
monomer units to MPEG is 5, will comprise a mixture, 
among other perturbations, of the following branched and 
linear Structures: 

(2) 

> C. O(H)COR 

Y. 
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-continued 

O O(H)COR 

O(H)COR > A O O 

MPEG 
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O 

(3) 

and 

(4) 
O 

O 
O O 

O O(H)COR 
O O 

MPEG O No O 
O(H)COR. 

0061. It can be seen that the copolymer of the instant 
invention comprises a complex mixture where component 
(B) is fully branched, partially branched and linear. 
0.062 Preferably, the ratio of monomer units of each 
component (B) to the polymer or oligomer component (A) 
in the block copolymers of this invention is from about 1 to 
1 to about 100 to 1. Most preferably, the ratio is about 1 to 
1 to about 10 to 1. 

0.063 Another subject of this invention is the process for 
the preparation of the novel block copolymers disclosed 
herein. 

0.064 Surprisingly, it has been discovered that a one-pot, 
one-step synthesis, in which all three ingredients, the linear 
polymer or oligomer precursor for component (A), the 
multi-functional monomer precursor or precursors for com 
ponent (B) and the precursor or precursors for the lipophilic 
terminating groups are added together at one time provides 
for effective conditions for the preparation of the block 
copolymers of this invention. 
0065. Where the preferred precursors for preparation of 
the (A)(B) block copolymers of this invention are employed, 
for example where component (A) is derived from poly(eth 
ylene glycol) monomethyl ether, component (B) is derived 
from dimethylolpropionic acid and the terminal lipophilic 
groups are derived from Stearic acid or isoStearic acid, the 
reactions between the precursors, i.e. coupling reactions, are 
esterification reactions with the condensation of water. 
Therefore preferably the process is an esterification proceSS 
with the condensation of water. 

0.066 The process may also be employed where the 
precursors have reactive groups other than alcohols and 
carboxylic acids, for example transesterification reactions, 
or reactions involving amides, amines or acid chlorides. 

0067. If more than one monomer precursor for compo 
nent (B) is employed, the different monomers may or may 
not be reactive with each other. If they are reactive with each 
other, component (B) will be a random copolymer or coo 
ligomer. If they are not reactive with each other, component 
(B) will be a homopolymer or homooligomer. In this 
instance mixtures of different (A)(B) and (B)(A)(B) block 
copolymers will result. In the case of (B)(A)(B) copolymers, 
the (B) groups may or may not be formed from the same 
OOC. 

0068 The reaction time may vary widely depending on 
conditions Such as temperature, the nature of the reactants 
from which the components (A), (B) and the lipophilic 
groups are derived, and the Stoichiometries of these reac 
tants. In the preferred esterification process, the reaction is 
complete when the acid number during the course of the 
reaction levels off, i.e. is no longer decreasing. Generally, a 
typical reaction is complete within the range of about 5 
hours to about 30 hours. 

0069. In the preferred esterification process of the present 
invention water formed during the reaction is continuously 
removed by known methods Such as azeotropic distillation, 
Vacuum distillation, Sparging with an inert gas and the like. 
0070. In the preferred esterification process, an esterifi 
cation catalyst is present in the reaction mixture at a level of 
about 0.1 to about 2 percent by weight based on the entire 
reaction mixture. Preferably the esterification catalyst is 
present in the reaction mixture at a level of about 0.2 to 
about 1 percent by weight of the entire reaction mixture. The 
esterification catalyst may be any commonly known Such 
catalyst, for example protic acids, Lewis acids, titanates, 
Zinc catalysts and tin catalysts. 
0071. In the preferred one-pot esterification process of 
this invention, the reactions are performed in the tempera 
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ture range from about 140 C. to about 220 C. Most 
preferably, the proceSS is performed in the temperature range 
from about 160° C. to about 190° C. 

0.072 Protic acid catalysts are for example naphthalene 
Sulfonic acid, para-toluenesulfonic acid (p-TSA), methane 
Sulfonic acid, trifluoromethaneSulfonic acid, trifluoroacetic 
acid, Sulfuric acid or phosphoric acid. A titanate catalyst is 
for example tetrabutyl titanate. AZinc catalyst is for example 
Zinc powder or an organozinc compound. A tin catalyst is for 
example tin powder or an organotin compound. 
0073. In the present process, the molar ratio of the 
monomer precursor or precursors for component (B) to the 
reactive functional groups (a) of the precursor for compo 
nent (A) is about 1:1 to about 100:1 and the molar ratio of 
the precursor or precursors for the lipophilic groups to the 
monomer precursor or precursors for component (B) is 
about 1:5 to about 2:1. 

0.074. One outcome of the process of this invention is that 
the resulting amphiphilic block copolymers are random and 
irregular and contain failure Sequences, Such as unreacted 
hydroxyl moieties in the case of a hydroxyl-bearing mono 
C. 

0075. The novel block copolymers of this invention are 
especially effective as additives that increase the Surface 
energy of polymers, polymer blends and polymer compos 
ites (polymer substrates). It has been found that the linear 
hydrophilic polymer or oligomer portion of the block 
copolymer migrates to the Surface of the polymer Substrate. 
The terminal lipophilic groups, which are compatible with 
the polymer Substrate, act as "molecular anchors' and Secure 
the additive to the Surface of the Substrate. In Some cases 
where the terminal lipophilic groups of the copolymer 
additive are not equivalent, the affinity of the additive for the 
Substrate may be enhanced. 
0.076 Accordingly, another subject of this invention are 
novel compositions comprising 

0077. I.) one or more (A)(B) or (B)(A)(B) 
amphiphilic block copolymers wherein 
0078 (A) is a linear hydrophilic polymer or oli 
gOmer, 

0079 (B) is a random hyperbranched polymer or 
oligomer, and 

0080 wherein said block copolymers are com 
pletely or partially terminated with lipophilic groups, 
and 

0081 II.) a polymeric Substrate, 
0082 wherein the surface energy or hydrophilicity 
of the polymeric SubStrate is increased. 

0.083. The polymeric substrate may be, for example, a 
polyolefin, polystyrene, polyester, polyamide, polyether, 
poly Sulfone, polycarbonate, polyurea, polyurethane and pol 
ySiloxane and any mixture of these polymers. 
0084 Preferably the polymeric Substrate is a polyolefin, 
for example polyethylene and polypropylene. 
0085 Examples for polyolefins are: 
0.086 1. Polymers of monoolefins and diolefins, for 
example polypropylene, polyisobutylene, polybut-1-ene, 
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poly-4-methylpent-1-ene, polyisoprene or polybutadiene, as 
well as polymers of cycloolefins, for instance of cyclopen 
tene or norbornene, polyethylene (which optionally can be 
crosslinked), for example high density polyethylene 
(HDPE), high density and high molecular weight polyeth 
ylene (HDPE-HMW), high density and ultrahigh molecular 
weight polyethylene (HDPE-UHMW), medium density 
polyethylene (MDPE), low density polyethylene (LDPE), 
linear low density polyethylene (LLDPE), (VLDPE) and 
(ULDPE). 
0087 Polyolefins, i.e. the polymers of monoolefins 
exemplified in the preceding paragraph, preferably polyeth 
ylene and polypropylene, can be prepared by different, and 
especially by the following, methods: 

0088 i) radical polymerization (normally under 
high pressure and at elevated temperature). 

0089 ii) catalytic polymerization using a catalyst 
that normally contains one or more than one metal of 
groups IVb, Vb, VIb or VIII of the Periodic Table. 
These metals usually have one or more than one 
ligand, typically oxides, halides, alcoholates, esters, 
ethers, amines, alkyls, alkenyls and/or aryls that may 
be either p- or S-coordinated. These metal complexes 
may be in the free form or fixed on substrates, 
typically on activated magnesium chloride, tita 
nium(III) chloride, alumina or silicon oxide. These 
catalysts may be Soluble or insoluble in the poly 
merization medium. The catalysts can be used by 
themselves in the polymerization or further activa 
tors may be used, typically metal alkyls, metal 
hydrides, metal alkyl halides, metal alkyl oxides or 
metal alkyloxanes, Said metals being elements of 
groups Ia, Ia and/or IIIa of the Periodic Table. The 
activators may be modified conveniently with further 
ester, ether, amine or Silyl ether groups. These cata 
lyst systems are usually termed Phillips, Standard 
Oil Indiana, Ziegler (-Natta), TNZ (DuPont), metal 
locene or Single site catalysts (SSC). 

0090 2. Mixtures of the polymers mentioned under 1.), 
for example mixtures of polypropylene with polyisobuty 
lene, polypropylene with polyethylene (for example 
PP/HDPE, PP/LDPE) and mixtures of different types of 
polyethylene (for example LDPE/HDPE). 
0091 3. Copolymers of monoolefins and diolefins with 
each other or with other vinyl monomers, for example 
ethylene/propylene copolymers, linear low density polyeth 
ylene (LLDPE) and mixtures thereof with low density 
polyethylene (LDPE), propylene/but-1-ene copolymers, 
propylene/isobutylene copolymers, ethylene/but-1-ene 
copolymers, ethylene/hexene copolymers, ethylene/methyl 
pentene copolymers, ethylene/heptene copolymers, ethyl 
ene/odene copolymers, propylene/butadiene copolymers, 
isobutylene/isoprene copolymers, ethylene/alkyl acrylate 
copolymers, ethylene/alkyl methacrylate copolymers, ethyl 
ene/vinyl acetate copolymers and their copolymers with 
carbon monoxide or ethylene/acrylic acid copolymers and 
their salts (ionomers) as well as terpolymers of ethylene with 
propylene and a diene Such as hexadiene, dicyclopentadiene 
or ethylidene-norbornene; and mixtures of Such copolymers 
with one another and with polymers mentioned in 1) above, 
for example polypropylene/ethylene-propylene copolymers, 
LDPE/ethylene-vinyl acetate copolymers (EVA), LDPE/ 
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ethylene-acrylic acid copolymers (EAA), LLDPE/EVA, 
LLDPE/EAA and alternating or random polyalkylene/car 
bon monoxide copolymers and mixtures thereof with other 
polymers, for example polyamides. 
0092 Preferred polyolefins are polyethylene or polypro 
pylene and their copolymers with mono- and diolefins. 
0.093 Polystyrenes of the invention include styrene-buta 
diene copolymers and block copolymers, ABS, IPS and 
Styrene-isoprene copolymers and block copolymers. 
0094. In addition to component I.), the novel composi 
tions may comprise further additives (Stabilizers) Such as, 
for example, the following: 

0.095 1. Antioxidants 
0096) 1.1. Alkylated monophenols, for example 2,6- 
di-tert-butyl-4-methylphenol, 2-tert-butyl-4,6-dimeth 
ylphenol, 2,6-di-tert-butyl-4-ethylphenol, 2,6-di-tert 
butyl-4-n-butylphenol, 2,6-di-tert-butyl-4- 
isobutylphenol, 2,6-dicyclopentyl-4-methylphenol, 
2-(C.-methylcyclohexyl)-4,6-dimethylphenol, 2,6-dio 
citadecyl-4-methylphenol, 2,4,6-tricyclohexylphenol, 
2,6-di-tert-butyl-4-methoxymethylphenol, nonylphe 
nols which are linear or branched in the Side chains, for 
example, 2,6-di-nonyl-4-methylphenol, 2,4-dimethyl 
6-(1-methylundec-1-yl)phenol, 2,4-dimethyl-6-(1-me 
thylheptadec-1-yl)phenol, 2,4-dimethyl-6-(1-methyl 
tridec-1-yl)phenol and mixtures thereof. 

0097. 1.2. Alkylthiomethylphenols, for example 2,4- 
dioctylthiomethyl-6-tert-butylphenol, 2,4-dioctylthi 
omethyl-6-methylphenol, 2,4-dioctylthiomethyl-6-eth 
ylphenol, 2,6-di-dodecylthiomethyl-4-nonylphenol. 

0098 1.3. Hydroquinones and alkylated hydroquino 
nes, for example 2,6-di-tert-butyl-4-methoxyphenol, 
2,5-di-tert-butylhydroquinone, 2,5-di-tert-amylhydro 
quinone, 2,6-diphenyl-4-Octadecyloxyphenol, 2,6-di 
tert-butylhydroquinone, 2,5-di-tert-butyl-4-hydroxya 
nisole, 3,5-di-tert-butyl-4-hydroxyanisole, 3,5-di-tert 
butyl-4-hydroxyphenyl stearate, bis-(3,5-di-tert-butyl 
4-hydroxyphenyl) adipate. p0 1.4. Tocopherols, for 
example C-tocopherol, B-tocopherol, Y-tocopherol, 
8-tocopherol and mixtures thereof (Vitamin E). 

0099) 1.5. Hydroxylated thiodiphenyl ethers, for 
example 2,2'-thiobis(6-tert-butyl-4-methylphenol), 
2,2'-thiobis(4-octylphenol), 4,4'-thiobis(6-tert-butyl-3- 
methylphenol), 4,4'-thiobis(6-tert-butyl-2-methylphe 
nol), 4,4'-thiobis-(3,6-di-sec-amylphenol), 4,4'-bis(2,6- 
dimethyl-4-hydroxyphenyl)disulfide. 

0.100) 1.6. Alkylidenebisphenols, for example 2,2'-me 
thylenebis(6-tert-butyl-4-methylphenol), 2,2'-methyl 
enebis(6-tert-butyl-4-ethylphenol), 2,2'-methylenebis 
4-methyl-6-O- methylcyclohexyl)phenol), 2,2'- 
methylenebis(4-methyl-6-cyclohexylphenol), 2,2'- 
methylenebis(6-nonyl-4-methylphenol), 2,2'- 
methylenebis(4,6-di-tert-butylphenol), 2,2'- 
ethylidenebis(4,6-di-tert-butylphenol), 2,2'- 
ethylidenebis(6-tert-butyl-4-isobutylphenol), 2,2'- 
methylenebis 6-(C.-methylbenzyl)-4-nonylphenol), 
2,2'-methylenebis 6-(C,C-dimethylbenzyl)-4-non 
ylphenol), 4,4'-methylenebis(2,6-di-tert-butylphenol), 
4,4'-methylenebis(6-tert-butyl-2-methylphenol), 1,1- 
bis(5-tert-butyl-4-hydroxy-2-methylphenyl)butane, 
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2,6-bis(3-tert-butyl-5-methyl-2-hydroxybenzyl)-4-me 
thylphenol, 1,1,3-tris(5-tert-butyl-4-hydroxy-2-meth 
ylphenyl)butane, 1,1-bis(5-tert-butyl-4-hydroxy-2-me 
thyl-phenyl)-3-n-dodecylmercaptobutane, ethylene 
glycol bis(3,3-bis(3-tert-butyl-4-hydroxyphenyl)bu 
tyrate), bis(3-tert-butyl-4-hydroxy-5-methyl-phenyl) 
dicyclopentadiene, bis(2-(3'tert-butyl-2-hydroxy-5- 
methylbenzyl)-6-tert-butyl-4-methylphenylterephtha 
late, 1,1-bis-(3,5-dimethyl-2- hydroxyphenyl)butane, 
2,2-bis-(3,5-di-tert-butyl-4-hydroxyphenyl)propane, 
2,2-bis-(5-tert-butyl-4-hydroxy 2-methylphenyl)-4-n- 
dodecylmercaptobutane, 1,1,5,5-tetra-(5-tert-butyl-4- 
hydroxy-2-methylphenyl)pentane. 

0101 1.7.0-, N- and S-benzyl compounds, for example 
3,5,3',5'-tetra-tert-butyl-4,4'-dihydroxydibenzyl ether, 
octadecyl-4-hydroxy-3,5-dimethylbenzylmercaptoac 
etate, tridecyl-4-hydroxy-3,5-di-tert-butylbenzylmer 
captoacetate, tris(3,5-di-tert-butyl-4-hydroxybenzyl) 
amine, bis(4-tert-butyl-3-hydroxy-2,6-dimethylben 
Zyl)dithioterephthalate, bis(3,5-di-tert-butyl-4-hy 
droxybenzyl)sulfide, isooctyl-3,5-di-tert-butyl-4-hy 
droxybenzylmercaptoacetate. 

0102 1.8. Hydroxybenzylated malonates, for example 
dioctadecyl-2,2-bis-(3,5-di-tert-butyl-2-hydroxyben 
Zyl)-malonate, di-octadecyl-2-(3-tert-butyl-4-hydroxy 
5-methylbenzyl) malonate, di-dodecylmercaptoethyl-2, 
2-bis-(3,5-di-tert-butyl-4-hydroxybenzyl)malonate, bis 
4- (11,1,3,3-tetramethylbutyl) phenyl-2,2-bis(3,5-di 
tert-butyl-4-hydroxybenzyl)malonate. 

0.103 1.9. Aromatic hydroxybenzyl compounds, for 
example 1,3,5-tris-(3,5-di-tert-butyl-4-hydroxyben 
Zyl)-2,4,6-trimethylbenzene, 1,4-bis(3,5-di-tert-butyl 
4-hydroxybenzyl)-2,3,5,6-tetramethylbenzene, 2,4,6- 
tris(3,5-di-tert-butyl-4-hydroxybenzyl)phenol. 

0.104) 1.10. Triazine compounds, for example 2,4- 
bis(octylmercapto)-6-(3,5-di-tert-butyl-4-hydroxya 
nilino)-1,3,5-triazine, -2-octylmercapto-4,6-bis(3,5-di 
tert-butyl-4-hydroxyanilino) -1,3,5-triazine, 
2-octylmercapto-4,6-bis(3,5-di-tert-butyl-4-hydrox 
yphenoxy)-1,3,5-triazine, 2,4,6-tris(3,5-di-tert-butyl-4- 
hydroxyphenoxy)-1,2,3-triazine, 1,3,5-tris-(3,5-di-tert 
butyl-4-hydroxy -benzyl)isocyanurate, 1,3,5-tris(4- 
tert-butyl-3-hydroxy-2,6-dimethylbenzyl)isocyanurate, 
2,4,6-tris(3,5-di-tert-butyl-4-hydroxyphenylethyl)-1,3, 
5-triazine, 1,3,5-tris(3,5-di-tert-butyl-4-hydroxy - phe 
nylpropionyl)-hexahydro-1,3,5-triazine, 1,3,5-tris(3,5- 
dicyclohexyl-4-hydroxybenzyl)isocyanurate. 

0105 1.11. Benzylphosphonates, for example dim 
ethyl-2,5-di-tert-butyl-4-hydroxybenzylphosphonate, 
diethyl-3,5-di-tert-butyl-4-hydroxybenzylphosphonate, 
dioctadecyl3,5-di-tert-butyl-4-hydroxybenzylphospho 
nate, dioctadecyl-5-tert-butyl-4-hydroxy-3-methylben 
Zylphosphonate, the calcium Salt of the monoethyl ester 
of 3,5-di-tert-butyl-4-hydroxybenzylphosphonic acid. 

0106 1.12. Acylaminophenols, for example 4-hy 
droxylauranilide, 4-hydroxystearanilide, octyl N-(3,5- 
di-tert-butyl-4-hydroxyphenyl)carbamate. 

0107 1.13. Esters of B-(3,5-di-tert-butyl-4-hydrox 
yphenyl)propionic acid with mono- or polyhydric alco 
hols, e.g. with methanol, ethanol, n-octanol, i-octanol, 
octadecanol, 1,6-hexanediol, 1.9-nonanediol, ethylene 
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0130. 6. Nitrones, for example N-benzyl-alpha-phenyl 
nitrone, N-ethyl-alpha-methyl-nitrone, N-octyl-alpha-hep 
tyl-nitrone, N-lauryl-alpha-undecyl-nitrone, N-tetradecyl 
alpha-tridcyl-nitrone,N-hexadecyl-alpha-pentadecyl 
nitrone, N-octadecyl-alpha-heptadecyl-nitrone, 
N-hexadecyl-alpha-heptadecyl-nitrone, N-ocatadecyl-al 
pha-pentadecyl-nitrone, N-heptadecyl-alpha-hep-tadecyl 
nitrone, N-octadecyl-alpha-hexadecyl-nitrone, nitrone 
derived from N,N-dialkylhydro-xylamine derived from 
hydrogenated tallow amine. 7. Amine oxides, for example 
amine oxide derivatives as disclosed in U.S. Pat. Nos. 
5,844,029 and 5,880,191, didecyl methylamine oxide, tride 
cyl amine oxide, tridodecyl amine oxide and trihexadecyl 
amine oxide. 8. Benzofuranones and indolinones, for 
example those disclosed in U.S. Pat. Nos. 4.325,863; 4,338, 
244; 5,175,312; 5,216,052; 5.252,643; DE-A-4316611; DE 
A-4316622; DE-A-4316876; EP-A-0589839 or EP-A- 
0591102 or 3-4-(2-acetoxyethoxy} -phenyl)-5,7-di-tert 
butyl-benzofuran-2-one, 5,7-di-tert-butyl-3-4-(2- 
stearoyloxyethoxy)phenyl-benzofuran-2-one, 3,3'-bis(5,7- 
di-tert-butyl-3-(4-2-hydroxyethoxyphenyl) benzofuran-2- 
one), 5,7-di-tert-butyl-3-(4-ethoxyphenyl)benzofuran-2- 
one, 3-(4-acetoxy-3,5-dimethylphenyl)-5,7-di-tert-butyl 
benzofuran-2-one, 3-(3,5-dimethyl-4-pivaloyloxyphenyl)-5, 
7-di-tert-butyl-benzofuran-2-one, 3-(3,4-dimethylphenyl)-5, 
7-di-tert-butyl-benzofuran-2-one, 3-(2,3-dimethylphenyl)-5, 
7-di-tert-butyl-benzofuran-2-one. 9. Thiosynergists, for 
example dilauryl thiodipropionate or distearyl thiodipropi 
onate. 10. Peroxide Scavengers, for example esters of B-thio 
dipropionic acid, for example the lauryl, Stearyl, myristyl or 
tridecyl esters, mercaptobenzimidazole or the Zinc Salt of 
2-mercapto-benzimidazole, Zinc dibutyldithiocarbamate, 
dioctadecyl disulfide, pentaerythritol tetrakis(B-dodecylm 
ercapto)propionate. 11. Polyamide Stabilizers, for example 
copper Salts in combination with iodides and/or phosphorus 
compounds and Salts of divalent manganese. 12. Basic 
co-stabilizers, for example melamine, polyvinylpyrrolidone, 
dicyandiamide, triallyl cyanurate, urea derivatives, hydra 
Zine derivatives, amines, polyamides, polyurethanes, at kali 
metal Salts and alkaline earth metal Salts of higher fatty 
acids, for example, calcium Stearate, Zinc Stearate, magne 
sium behenate, magnesium Stearate, Sodium ricinoleate and 
potassium palmitate, antimony pyrocatecholate or Zinc pyro 
catecholate. 13. Nucleating agents, for example inorganic 
Substances Such as talcum, metal oxides Such as titanium 
dioxide or magnesium oxide, phosphates, carbonates or 
Sulfates of, preferably, alkaline earth metals, organic com 
pounds Such as mono- or polycarboxylic acids and the Salts 
thereof, e.g. 4-tert-butylbenzoic acid, adipic acid, dipheny 
lacetic acid, Sodium Succinate or Sodium benzoate, poly 
meric compounds Such as ionic copolymers (ionomers). 14. 
Fillers and reinforcing agents, for example calcium carbon 
ate, Silicates, glass fibres, glass bulbs, asbestos, talc, kaolin, 
mica, barium Sulfate, metal oxides and hydroxides, carbon 
black, graphite, wood flour and flours or fibers of other 
natural products, synthetic fibers. 15. Other additives, for 
example plasticizers, lubricants, emulsifiers, pigments, dyes, 
optical brighteners, rheology additives, catalysts, flow-con 
trol agents, slip agents, crosslinking agents, crosslinking 
boosters, halogen Scavengers, Smoke inhibitors, flameproof 
ing agents, antistatic agents, clarifying agents and blowing 
agents. 

0131 The amphiphilic block copolymer additives of 
component I.) are advantageously present in the composi 
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tions of this invention from about 0.1 to about 20 percent by 
weight based on the total weight of components I.) and II.), 
preferably from about 0.5 to about 5 percent by weight. 

0132) The amphiphilic block copolymer additives of this 
invention and optional further additives may be applied to or 
incorporated in the polymeric Substrate by any known 
methods, e.g. by melt blending, Solution blending, Solution 
casting and adsorption from Solution. 

0133) For example, component I.) and optional further 
additives may be incorporated in the polymeric Substrate 
before or after molding or also by applying the dissolved or 
dispersed additive mixture to the polymeric Substrate, with 
or without Subsequent evaporation of the Solvent. Compo 
nent I.) and optional further additives can also be added to 
the polymeric Substrate in the form of a masterbatch which 
contains these components in a concentration of, for 
example, about 2.5% to about 25% by weight. 

0134) For example, component I.), optional further addi 
tives and the polymeric Substrate may all be dissolved in a 
mutually compatible Solvent wherein the concentration of 
polymer in the solvent ranges from about 5 to about 50% by 
weight of the solvent. The solution may then be dried at an 
appropriate temperature to produce a cast film containing a 
blend of polymer and the additive(s). 
0.135 Alternatively, additive compounds of component 

I.) and optional further additives are blended into a poly 
meric Substrate by dissolving the additive(s) in a volatile 
Solvent to provide a solution with an additive concentration 
of about 5 to about 50% by weight. The solution is then 
mixed with the polymer and the mixture is dried thereby 
providing polymer particles which are Substantially evenly 
coated with additive(s). The coated polymer particles may 
then be fed to an extruder wherein the mixture is melt 
blended and extruded to produce an extrudate containing the 
polymeric Substrate and additive(s). 
0136. If in a liquid form, the additives of component I.) 
may be applied directly to polymer particles by Stirring the 
polymer particles in the liquid additive mixture until the 
additive mixture is evenly dispersed on the Surface of the 
polymer particles. The polymer may then be fed to an 
extruder to produce an extrudate of polymer Substrate con 
taining the additives. 

0.137 The compositions of this invention may also be 
prepared by Submitting the additives of component I.), 
optional further additives and Solid polymeric material to an 
extruder followed by melt blending and extruding the mol 
ten mixture. Alternatively, the polymeric material and addi 
tives may be melt blended in a thermostatted vessel where 
the components are in molten form, followed by cooling of 
the mixture. 

0.138. As the material cools, at least a portion of the 
additives of component I.) migrates to the Surface of the 
polymeric Substrate thereby modifying the Surface proper 
ties thereof. The additives of component I.) are persistent in 
the polymeric Substrate, and consequently the Surface prop 
erties are Substantially permanently modified. 

013:9 Component I.) and optional further additives 
can also be added before or during the polymeriza 
tion or before crosslinking. 
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0140 Component I.) and optional further additives 
can be incorporated into the polymeric Substrate in 
pure form or encapsulated in waxes, oils or poly 
CS. 

0141 Component I.) and optional further additives 
can also be sprayed or coated onto the polymeric 
substrate. It may be used to dilute other additives (for 
example the conventional additives indicated above) 
or their melts. So that it can be sprayed or coated 
together with these additives onto the polymeric 
Substrate. Addition by Spraying during the deactiva 
tion of the polymerization catalysts is particularly 
advantageous, it being possible to carry out Spraying 
using, for example, the Steam used for deactivation. 

0142. In the case of spherically polymerized polyolefins 
it may, for example, be advantageous to apply component I.) 
optionally together with other additives, by Spraying. 
0143 Preferably, component I.) and optional further 
additives are incorporated into the polymeric Substrate of 
component II.) by melt blending. AS mentioned, under melt 
blending conditions, the block copolymer additives of com 
ponent I.) migrate to the Surface of the formed polymer 
Substrate. 

0144. The polymeric compositions of this invention, 
which have increased Surface energy or hydrophilicity, may 
exhibit improved properties in the areas of, for example, 
anti-fog, dissipation of Static electricity, paintability, dye 
ability, printability, wicking of moisture, adhesion, compat 
ibility with immiscible polymers, biocompatibility and bio 
degradibility. 

0145 The polymeric articles or constructions, which 
comprise components I.) and II.), and which benefit from the 
application or incorporation of the amphiphilic block 
copolymers of this invention include carpet fibers, compos 
ite fibers, agricultural films, nonwoven coverStock, exterior 
automotive bumper fascia, packaging, hygienic products, 
membranes Such as Semipermeable, dialysis and reverse 
oSmosis membranes, incompatible polymer blends, lami 
nated articles and eyewear. 
0146 The polymer blends that may be compatibilized 
with the incorporation of the amphiphilic block copolymers 
of this invention include blends of polystyrene with poly 
esters, polystyrene with polyamides, polyolefins with poly 
esters and polyolefins with polyamides. 
0147 The amphiphilic block copolymers of this inven 
tion are also effective as rheology modifiers and dispersants 
for pigments and fillers. Articles that would benefit include 
Solvent and water borne paints. 
0148 Anti-fog properties are important in greenhouse 
applications. A greenhouse is required to be closed during 
cold periods to contain heat to maintain a growing environ 
ment. With high humidity inside the greenhouse, this creates 
a situation where water condenses on the inside of green 
house roof or cover when the temperature of the roof or 
cover is reduced to the dew point or lower. A greenhouse 
film made from an olefinic polymer is hydrophobic and has 
low Surface tension, which causes condensed water to coa 
lesce into droplets. This unwanted condition, where water 
condensate forms on the Surface of the film as free droplets, 
is known as "fogging.” Fogging prevents the transmission of 
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Sunlight and may fall onto and damage the crop below. 
Compositions of the present invention have Superior anti-fog 
properties. Anti-fogging properties are also important in 
food overwrap (meat, vegetables, etc.) or other applications 
where a clear film with wettability or non-fogging is needed. 
0149 Hyperbranched polymers similar to those 
described herein, but without component (A) are also useful 
in the compositions of this invention. That is to Say, a 
random hyperbranched polymer or oligomer component (B) 
as described above that is completely or partially terminated 
with lipophilic groups. Many of these hyperbranched poly 
mers are novel. For example, the condensation reaction 
products of dimethylolpropionic acid reacted with each of 
myristic acid, Stearic acid, isoStearic acid and behenic acid 
or mixtures thereof. 

0150. The following Examples illustrate the invention in 
more detail. They are not to be construed as limiting the 
instant invention in any manner whatsoever. The invention 
is declared to cover all changes and modifications of the 
Specific examples which do not constitute departure from the 
Spirit and Scope of the invention. 

EXAMPLE 1. 

Preparation of Amphiphilic Block Copolymers 

0151. A series of various amphiphilic block copolymers 
of the present invention are prepared according to the 
following general procedure. Comparative examples of lin 
ear amphiphilic polymers are prepared by the same proce 
dure with the exclusion of the multi-functional monomer. 
The comparative amphiphilic polymers are represented by 
numbers 1 and 2 of Table 1 and are representative of state 
of the art nonionic Surfactants employed for increasing the 
Surface energy of polyolefins. The copolymers of the instant 
invention are represented by numbers 3-25. The linear 
hydrophilic polymer component (A) is derived from either 
poly(ethylene glycol) monomethyl ether (MPEG) or poly 
(ethylene glycol) (PEG), and is represented in Table 1 by the 
symbol “A”. The molecular weight (Mn, daltons) of the 
hydrophilic polymer component is given in Table 1. The 
random hyperbranched component(B) is derived from dim 
ethylolpropionic acid 2,2-bis(hydroxymethyl)propionic 
acid (BMPA)). The lipophilic terminal groups are derived 
from the corresponding long-chain alkylcarboxylic acid 
(“LCA” in Table 1). The use of stearic acid results in a 
CHss lipophilic group. The last column of Table 1 repre 
Sents the ratio of components employed in the preparation of 
the corresponding copolymer. The copolymers of the instant 
invention comprise a mixture of Structures as discussed 
Supra and Similar to compounds of formulae (1)–(4). 
0152 A reactor is charged with 89.9 g (316 mmol) of 
stearic acid, 31.8 g (237 mmol) of BMPA, and 27.8 g (79 
mmol) of MPEGsso (Mn350 daltons, eq. wt. 349). Under a 
constant flow of nitrogen the temperature of the Solid 
mixture is increased to 110° C., at which point the solid 
mixture becomes a homogeneous colorleSS liquid. Stirring is 
initiated and the reaction is allowed to purge for 30 min., and 
then 750 mg (3.9 mmol) of p-toluenesulfonic acid are added. 
The reaction temperature is increased to 160 C. Water of 
condensation immediately collects in a trap attached to the 
reactor. After 4 h, the reaction temperature is increased 
between 180-190° C. Stirring at this temperature is contin 
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ued until the acid number shows little appreciable decrease. 
Stirring is stopped and the hot liquid is poured into a glass 
container and allowed to equilibrate to room temperature 
under ambient conditions. The structure of the (A)(B) block 
copolymer of the instant invention is confirmed by H, °C 
FT-NMR spectroScopy, Size exclusion chromatography 
(SEC), and differential scanning calorimetry (DSC). Mn= 
1400, Mw/Mn=1.2, Tm=44° C., acid number=29.0 mg 
KOH/g, hydroxyl number=31.5 mg KOH/g, yield is quan 
titative. 

0153. Likewise, the structures of the other (A)(B) or 
(B)(A)(B) block copolymers of the instant invention, as well 
as the comparative linear copolymers, are confirmed by the 
Same analytical techniques. 

TABLE 1. 

Amphiphilic 
Copolymer Type LCA A, Min LCA:A:B 

1. linear CH,COH MPEG, 350 :1:O 
2 linear CHCO2H PEG, 1000 2:1:O 
3 (A)(B) CH,COH MPEG, 350 4:1:3 
4 (A)(B) CH,COH MPEG, 550 4:1:3 
5 (A)(B) CH,CO.H MPEG, 750 4:1:3 
6 (A)(B) CH,COH MPEG, 1900 4:1:3 
7 (A)(B) CH,COH MPEG, 5000 4:1:3 
8 (A)(B) CHCO2H MPEG, 350 4:1:3 
9 (A)(B) CHCOH MPEG, 550 4:1:3 
1O (A)(B) CHCO2H MPEG, 750 4:1:3 
11 (A)(B) CHCO2H MPEG, 1900 4:1:3 
12 (A)(B) CHCO2H MPEG, 5000 4:1:3 
13 (A)(B) i-CHCOH MPEG, 350 4:1:3 
14 (A)(B) i-CH-COH MPEG, 750 4:13 
15 (A)(B) CHCO2H MPEG, 350 4:1:3 
16 (A)(B) CHCO2H MPEG, 550 4:1:3 
17 (A)(B) CHCOH MPEG, 750 4:1:3 
18 (A)(B) CHCO2H MPEG, 1900 4:1:3 
19 (A)(B) CHCO2H MPEG, 5000 4:1:3 
2O (B)(A)(B) CH,CO.H PEG, 1000 4:1:2 

EXAMPLE 2 

Preparation of Amphiphilic Block Copolymers 

0154 According to the general procedure described in 
Example 1, a Series of (A)(B) amphiphilic block copolymers 
of the present invention are prepared. The linear hydrophilic 
polymer component is derived from poly(ethylene glycol) 
monomethyl ether with an Mn of 350 daltons and is repre 
sented by the symbol “P”. The random hyperbranched 
component is derived from dimethylolpropionic acid (2,2- 
bis(hydroxymethyl)propionic acid (BMPA)). The lipophilic 
terminal groups are derived from isoStearic acid as the 
long-chain alkylcarboxylic acid (“LCA). Amphiphilic 
(A)(B) block copolymers of the present invention are pre 
pared using the following ratios of LCA:P:BMPA: 1:1:1, 
2:1:1, 1:1:2, 2:1:2, 3:1:2, 1:1:3, 2:1:3, 3:1:3, 4:1:3, 1:1:4, 
2:1:4, 3:1:4, 4:1:4, 5:1:4, 1:1:5, 2:1:5, 3:1:5, 4:1:5, 5:1:5, 
6:1:5, 7:1:6, and 8:1:7. 

EXAMPLE 3 

O155 According to the general procedure described in 
Example 1, a Series of (A) (B) amphiphilic block copoly 
mers of the present invention are prepared. Amphiphilic 
block copolymers are prepared using all of the ratioS of 
LCA:P:BMPA of Example 2 for each of the following 
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combinations of precursors for the lipophilic group and 
component (A). The random hyperbranched component is 
derived from dimethylolpropionic acid (2.2-bis (hydroxym 
ethyl)propionic acid (BMPA)). 

0156 a.) myristic acid, poly(ethylene glycol) 
monomethyl ether (MPEG) with an Mn of 350 
daltons, 

O157 b.) myristic acid, MPEG with an Mn of 550 
daltons, 

0158 c.) myristic acid, MPEG with an Mn of 750 
daltons, 

0159 d.) stearic acid, MPEG with an Mn of 350 
daltons, 

0160 e.) stearic acid, MPEG with an Mn of 550 
daltons, 

0161 f.) stearic acid, MPEG with an Mn of 750 
daltons, 

0162 g) isostearic acid, MPEG with an Mn of 550 
daltons, 

0163 h.) isostearic acid, MPEG with an Mn of 750 
daltons, 

0164) i.) behenic acid, MPEG with an Mn of 350 
daltons, 

0165 j.) behenic acid, MPEG with an Mn of 550 
daltons, and 

0166 k.) behenic acid, MPEG with an Mn of 750 
daltons. 

EXAMPLE 4 

0.167 According to the general procedure described in 
Example 1, a Series of (A)(B) amphiphilic block copolymers 
of the present invention are prepared. Amphiphilic block 
copolymers are prepared using all of the ratioS of reactants 
of Example 2 for each of the combinations of precursors for 
the lipophilic group and component (A) as Set forth in 
Example 3. The random hyperbranched component is 
derived from a 1:1 mixture of dimethylolpropionic acid 
(2,2-bis(hydroxymethyl)propionic acid (BMPA)) and C.C.- 
bis(hydroxymethyl)butyric acid. 

EXAMPLE 5 

0168 According to the general procedure described in 
Example 1, a series of (B)(A)(B) amphiphilic block copoly 
mers of the present invention are prepared. The linear 
hydrophilic polymer component is derived from poly(eth 
ylene glycol) with an Mn of 750 daltons and is represented 
by the symbol “P”. The random hyperbranched component 
is derived from dimethylolpropionic acid (2.2-bis(hy 
droxymethyl)propionic acid (BMPA)). The lipophilic termi 
nal groups are derived from isoStearic acid as the long-chain 
alkylcarboxylic acid (“LCA'). Amphiphilic (B)(A)(B) block 
copolymers of the present invention are prepared using the 
following ratios of LCA:P:BMPA: 2:1:2, 4:1:2, 2:1:4, 4:1:4, 
6:1:4, 2:1:6, 4:1:6, 6:1:6, 8:1:6, 2:1:8, 4:1:8, 6:1:8, 8:1:8, 
10:1:8, 2:1:10, 4:1:10, 6:1:10, 8:1:10, 10:1:10, 12:1:10, 
14:1:12, and 16:1:14. 
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EXAMPLE 6 

0169 Contact Angle Measurements in Compression 
Molded LDPE Plaques 

0170 Compression molded 10 mill plaques of copolymer 
additives of Table 1 in low density polyethylene (Dow 
Chemical LDPE 6401) are prepared as follows. The addi 
tives and substrate are initially blended by melt compound 
ing in a twin-Screw extruder. Plaques of the blends are made 
by compression molding against steel at 4000 F. 

0171 Receding water contact angles of the compression 
molded plaques are measured using a Kruss K12 dynamic 
contact angle tensiometer. This method, often referred to as 
the Wilhelmy plat technique, measures the force of wetting 
of a Solid by a liquid (usually water) as it is initially 
immersed and Subsequently withdrawn. This wetting force 
is then translated into receding (withdrawn) contact angles. 
It is generally accepted by those skilled in the art that 
receding contact angles are a measure of a materials hydro 
philic character. 

0172 The receding angles of the plaques are measured 
immediately after compression molding. They are rubbed 
five times with a water moistened paper towel and the 
receding angle is measured again. The plaques are Stored at 
70 F. with a relative humidity of 30-40%. The receding 
angles of the plaques are monitored over the course of 30 
dayS. Comparison of the receding angles before and after 
rubbing gives a qualitative measure of the immediate per 
sistence and relative modifying strength of the additive, 
while the 30 day monitoring Study provides insight as to the 
additive's relative long-term persistence. The Smaller the 
value of the receding angle, the greater the Surface energy of 
the LDPE plaque. 

TABLE 2 

Receding Contact Angles of LDPE Compression Molded 
Plaques Made with Steel Mold Surfaces 

Amphiphilic Initial Initial Aged (days 

Copolymer % (w.fw) Before Rub After Rub 5 1O 3O 

None 78.3 75.6 68.8 72.2 72.9 
1. 1.O 47.O 56.3 SO.9 54.8 55.3 
2 1.O 29.8 51.1 49.5 49.8 57.6 
8 1.O 35.9 40.4 38.9 38.2 44.3 

2O 1.O 43.7 52.9 46.3 52.4 55.0 
2O 3.0 14.8 33.1 30.4 37.4 45.3 

It can be seen that the amphiphilic block copolymers of this invention, 
represented by numbers 8 and 20 are effective towards increasing the sur 
face energy of polyethylene. For comparison of compounds of the instant 
invention to nonionic surfactants representative of the state of the art, 20 
should be compared to 2 and 8 should be compared to 1. It can be seen 
that the compounds of the instant invention increase the surface energy of 
LDPE to a greater degree than compounds representative of the state of 
the art and/or they are more persistent in the substrate. 

EXAMPLE 7 

Contact Angle Measurements in LDPE Blown 
Films 

0173 When Example 6 is repeated in LDPE Blown 
Films, the compounds of the instant invention increase the 
Surface energy of LDPE to a greater degree than compounds 
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representative of the State of the art and/or they are more 
persistent in the Substrate as measured by receding, Static or 
advancing contact angles. 

EXAMPLE 8 

Polypropylene Fiber Dyeability 
0174 Fiber grade polypropylene, Montell PROFAX 
6301, and the appropriate amount of additive are mixed on 
a TURBULA mixer for 15 minutes. The blended mix is 
added to a SUPERIOR MPM single screw lab extruder at 
425,450, 475 and 475 F, screw speed is 80 rpm. The molten 
polypropylene with additive exits a round die, is cooled in 
a water trough and is fed into a CONAIR JETRO pelletizer. 
The compounded pellets are fed into a HILLS LAB FIBER 
EXTRUDER with a 41 hole delta spinneret at 450,475,500 
and 525 F. A constant pressure of 750 psi controls the screw 
Speed via a feedback loop. The feed, draw, and relax rolls 
are at 175, 212 and 212 F., and are rotating at 120, 400 and 
383 meters per minute. The fiber comes in contact with a 6% 
acqueous fiber finish solution just before the feed roll. This 
Solution is LUROL PP-4521 from Goulston Indistries. A 
LEESONA winder at the end of the line collects the fiber 
onto a spool. The final denier per filament is 15. The 
collected fiber is removed from the spool and is knitted into 
a sock with a LAWSON HEMPHILL FAK sampler knitter. 
0.175 Solutions of dyes are prepared at 1.0 g/L in distilled 
water in Separate containers. For disperse dyes this is done 
by heating water to 145-185 F., then adding water to the 
dye. The Solutions of the acid dyes are made by heating 
water to 185-21 F. The solutions of the leveler, lubricant 
and pH control chemicals are made at room temperature at 
a 10% w/w level. 

0176). AROACHES programmable dye bath is set to 
the following conditions: 

0177 Disperse dye for PP: Temperature rise of 3.5° 
C. per minute to 98° C. with a hold time of 60 
minutes at 98 C. then a cool down at maximum 
cooling of 5.5 C. per minute. 

0178 Acid dye for PP: Temperature rise of 3.5° C. 
per minute to 98°C. with a hold time of 30 minutes 
at 98 C. then a cool down at maximum cooling of 
5.5 C. per minute. 

0179 The appropriate amounts of the solutions (see Dye 
Solutions Table) are added to a steel 500 mL cylinder based 
on a 5.0 g weight of sock. The sock is identified with a 
laundry tag and is placed in the cylinder. The cylinder is 
filled with distilled water. The pH is checked and should be 
4-5 for disperse dyeing and 6-6.5 for acid dyeing. Finally the 
cylinders are Sealed and placed into the dye bath and the 
cycle is started. After the dye cycle is completed, the Socks 
are removed from the cylinders and are rinsed with tap 
water. The exceSS Water is removed from the SockS via a 
centrifuge and are dried in a forced air oven at 212 F. for 
15 minutes. 

0180 Lightness and darkness (L) of the socks are mea 
sured on a Datacolor Spectrophotometer SF600. L is a 
measure of light and dark on a scale of 0 (dark) to 100 
(light). Instrument conditions are CIE lab, D65, 10 deg, SCI, 
SAV, UV400-700. Results are found in Table 2. A lower L 
value indicates improved dyeability. 
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Dye Solutions 

Disperse Dye % Weight on Fiber 

Yellow K-GL 0.5 
Red K-BB 0.5 
Blue K-RB 1.O 
UNIVADINE DIF 2.O 
CIBAFLUID UA 1.O 
Acetic Acid 0.5 

0181) 

Disperse Dyeability 

Formulation LCA A, Mn L value 

A. 54 
B i-CHCO2H MPEG 750 21 
C CHCO2H MPEG 350 22 
D CHCO2H MPEG 1900 3O 

0182 Formulation Acontains no additive. Formulation B 
contains 5% by weight amphiphilic copolymer 14 of 
Example 1 based on the weight of polypropylene. C contains 
5% by weight copolymer 15 of Example 1. D contains 5% 
by weight copolymer 18 of Example 1. 

0183 Formulations B, C, and D, containing additives of 
the present invention, impart improved dyeability to 
polypropylene Socks compared to Socks containing no addi 
tive. 

0184 The crocking test method determines the degree of 
color which may be transferred from the surface of a dyed 
article to other surfaces by rubbing. Such dye transfer is 
undesirable. The test requires Specific rubbing, via a crock 
meter, with both a dry and a wet white test cloth across the 
dyed article. The cloths are then evaluated via the gray Scale. 
The gray scale is a 5 unit scale (1-5 (a) 0.5 divisions), with 
5 representing negligible dye transfer. 
0185. To qualify as a successful additive to promote 
polypropylene (PP) dyeability, the Sock containing the addi 
tive will dye to a dark shade as would be expected of a 
polyester (PET) control, there should be no or negligible dye 
transfer when being evaluated by the crocking test, and there 
should be no loSS of physical properties. 
0186 The socks containing the amphiphilic block 
copolymers of the present invention show excellent dyeabil 
ity as evidenced by low L values and acceptable wet and dry 
crock values. 

EXAMPLE 9 

Anti-fog Properties of LDPE Blown Films 

0187 Amphiphilic block copolymer additives 3-5, 8-10 
and 14 of Example 1 are added to low density polyethylene 
having a melt index of 2.0 dg/min. and a density of 0.922 
g/mL at 10% by weight, based on the weight of polymer, and 
the mixture is blended in a Brabender. The polymer melt 
temperature is 150 to 170° C. The polymer mixtures are 

15 
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pelletized to give a masterbatch. Granules of the masterbatch 
are tumble-blended with granules of low density polyethyl 
ene at the weight ratio of 1 to 9 (the resulting concentration 
of the anti-fogging agent in the low density polyethylene 
polymer is 10,000 ppm). A film with a thickness of about 75 
micrometers is produced on a tubular blown film line at a 
melt temperature of about 210 C. 
0188 The anti-fogging test method tests the ability of the 
film Surface to retain its anti-fogging property after exposure 
to moisture under cold (4° C) and hot (60° C.) temperature 
conditions. 

0189 For the cold-fog test, 200 mL of water is put in a 
250 mL beaker and the test film is placed on the beaker so 
as to cover the entire opening. The beaker is then placed in 
a temperature controlled cabinet at 4 C. Anti-fog evalua 
tions are done in predetermined time intervals up to 7 days 
0190. For the hot-fog test, 50 mL of water is put in a 250 
mL beaker and the test film is placed on the beaker So as to 
cover the entire opening. The beaker is then placed in a bath 
containing water at 60° C. Anti-fog evaluations are done in 
predetermined time intervals up to 3 hours. 
0191 Anti-fogging ratings are as follows: 

0192) 
0193) 
0194) 
0195 
0196) 

0.197 Polyethylene film containing the amphiphilic block 
copolymer additives of the present invention have Superior 
anti-fogging properties relative to films with no Surfactant 
additive and with state-of-the-art additives such as Atmer(R) 
103. 

High fogging: 1 
Moderate fogging: 2 
Fogged in patches: 3 
Few large drops: 4 
Clear, no drops: 5 

What is claimed is: 
1. An (A)(B) or a (B)(A)(B) amphiphilic block copolymer 

wherein 

(A) is a linear hydrophilic polymer or oligomer, 
(B) is a random hyperbranched polymer or oligomer, and 
wherein Said block copolymer is completely or partially 

terminated with lipophilic groupS. 
2. An amphiphilic block copolymer according to claim 1 

in which component (A) is derived from a mono or di 
functional homopolymer, block copolymer, random copoly 
mer or alternating copolymer Selected from the group con 
sisting of the poly(acrylate)S, poly(methacrylate)S, 
polyesters, poly(alkylene diol)S, poly(alkylene diol) 
monoalkyl ethers, poly(aryl ether)S, poly(Vinyl alcohol)S, 
poly(acrylamide)S, poly(urea)S, poly(urethane)S, poly 
(methacrylamide)S, poly(ethylene imine)S, poly(Vinyl 
ether)S, poly(Vinyl ester)S, poly(epichlorohydrin), poly(gly 
cidyl ether)s, poly(glycidyl ester)S, poly(carbonate)S, poly 
(thio ether)S, poly(thio ester)S, poly(alkyl Sulfone)S, pol 
y(aryl Sulfone)S.poly(amino acid)S, polyamides, epoxy 
resins, novolac resins and quaternary ammonium polyacry 
lates and polyamines. 

3. An amphiphilic block copolymer according to claim 2 
in which component (A) is derived from a linear homopoly 
mer with an Mn between 300 and 500,000 daltons. 
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4. An amphiphilic block copolymer according to claim 2 
in which component (A) is derived from a linear homopoly 
mer with an Mn between 300 and 5,000 daltons and which 
is selected from the group consisting of the poly(acrylate)S, 
poly(methacrylate)S, poly(alkylene diol)S, poly(alkylene 
diol) monoalkyl ethers, poly(aryl ether)S, poly(acrylamide)S, 
poly(methacrylamide)S, poly(ethylene imine)S, poly(Vinyl 
ether)S and poly(Vinyl ester)S. 

5. An amphiphilic block copolymer according to claim 4 
in which component (A) is derived from the group consist 
ing of poly(ethylene glycol)S, poly(propylene glycol)S, poly 
(ethylene glycol) monoalkyl ethers and poly(propylene gly 
col) monoalkyl ethers. 

6. An amphiphilic (A)(B) block copolymer according to 
claim 5 in which component (A) is derived from a poly 
(ethylene glycol) monoalkyl ether. 

7. An amphiphilic block copolymer according to claim 1 
wherein hyperbranched component (B) is derived from at 
least one multi-functional monomer wherein Said monomer 
or monomers have one reactive group (b) and two or more 
reactive groups (c) and wherein reactive groups (b) and (c) 
are reactive with each other under condensation conditions. 

8. An amphiphilic block copolymer according to claim 7 
wherein hyperbranched component (B) is a random copoly 
mer or cooligomer derived from at least two different 
OOCS. 

9. An amphiphilic block copolymer according to claim 7 
wherein hyperbranched component (B) is derived from at 
least one multi-functional monomer wherein Said monomer 
or monomers have one group (b) and two groups (c) wherein 
(b) is a carboxylic acid group and (c) is a hydroxyl group. 

10. An amphiphilic block copolymer according to claim 9 
wherein one of Said monomerS is dimethylolpropionic acid. 

11. An amphiphilic block copolymer according to claim 8 
wherein hyperbranched component (B) is derived from 
dimethylolpropionic acid and O.C.-bis(hydroxymethyl)bu 
tyric acid. 

12. An amphiphilic block copolymer according to claim 7 
wherein the ratio of monomer units of each component (B) 
to the polymer or oligomer component (A) is from about 1 
to 1 to about 100 to 1. 

13. An amphiphilic block copolymer according to claim 1 
in which the terminal lipophilic groups are independently 
straight or branched chain alkyl of 1 to 100 carbon atoms, 
straight or branched chain alkenyl of 1 to 100 carbon atoms, 
straight or branched chain alkynyl of 1 to 100 carbon atoms, 
cycloalkyl of 5 to 12 carbon atoms, polycycloalkyl of 14 to 
112 carbon atoms, phenylalkyl of 7 to 15 carbon atoms, 
phenylalkenyl of 7 to 15 carbon atoms or phenylalkynyl of 
7 to 15 carbon atoms. 

14. An amphiphilic block copolymer according to claim 
13 in which the terminal lipophilic groups are independently 
Straight or branched chain alkyl of 14 to 22 carbon atoms, 
Straight or branched chain alkenyl of 14 to 22 carbon atoms 
or straight or branched chain alkynyl of 14 to 22 carbon 
atOmS. 

15. An amphiphilic block copolymer according to claim 
14 in which the terminal lipophilic groups are derived from 
myristic acid, Stearic acid, isoStearic acid or behenic acid. 

16. An amphiphilic (A)(B) block copolymer according to 
claim 1 in which component (A) is derived from poly(eth 
ylene glycol) monomethyl ether which has a Mn between 
300 and 5,000 daltons, component (B) is derived from 
dimethylolpropionic acid or dimethylolpropionic acid and 
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O.C.-bis(hydroxymethyl)butyric acid and the terminal lipo 
philic groups are derived from Stearic acid or isoStearic acid. 

17. A one-pot, one-step process for the preparation of 
(A)(B) or (B)(A)(B) amphiphilic block copolymers wherein 

(A) is a linear hydrophilic polymer or oligomer, 
(B) is a random hyperbranched polymer or oligomer, and 
wherein Said block copolymers are completely or partially 

terminated with lipophilic groups which comprises 
adding the precursor for component (A) containing one 

or two reactive functional groups (a), the multi 
functional monomer precursor or precursors for 
component (B) and the precursor or precursors for 
the lipophilic terminating groups to a reaction vessel 
at one time and heating the mixture to form Said 
amphiphilic block copolymers. 

18. A process according to claim 17 wherein at least two 
different monomer precursors for component (B) are added 
to Said reaction vessel. 

19. A proceSS according to claim 17 which is an esteri 
fication proceSS in which para-toluenesulfonic acid is added 
as a catalyst together with the precursors of the amphiphilic 
block copolymers. 

20. A process according to claim 17 in which the molar 
ratio of the monomer precursor or precursors for component 
(B) to the reactive functional groups (a) of the precursor for 
component (A) is about 1:1 to about 100:1 and the molar 
ratio of the precursor or precursors for the lipophilic groups 
to the monomer precursor or precursors for component (B) 
is about 1:5 to about 2:1. 

21. A composition comprising 

I.) one or more additives Selected from the group con 
sisting of (A)(B) and (B)(A)(B) amphiphilic block 
copolymers wherein 
(A) is a linear hydrophilic polymer or oligomer, 
(B) is a random hyperbranched polymer or oligomer, 

and 

wherein Said block copolymers are completely or par 
tially terminated with lipophilic groups, and 

II.) a polymeric Substrate, 
wherein the Surface energy or hydrophilicity of the poly 

meric Substrate is increased. 
22. A composition according to claim 21 in which com 

ponent II.) is one or more polymers Selected from the group 
consisting of polyolefins, polystyrenes, polyesters, polya 
mides, polyethers, poly Sulfones, polycarbonates, polyureas, 
polyurethanes and polysiloxanes. 

23. A composition according to claim 21 in which com 
ponent II.) is a polyolefin. 

24. A composition according to claim 21 in which com 
ponent (A) is derived from a mono or di-functional 
homopolymer, block copolymer, random copolymer or alter 
nating copolymer Selected from the group consisting of the 
poly(acrylate)S, poly(methacrylate)S, polyesters, poly(alky 
lene diol)S, poly(alkylene diol) monoalkyl ethers, poly(aryl 
ether)S, poly(Vinyl alcohol)S, poly(acrylamide)S, poly 
(urea)S, poly(urethane)S, poly(methacrylamide)S, poly(eth 
ylene imine)S, poly(Vinyl ether)S, poly(Vinyl esters), poly 
(epichlorohydrin), poly(glycidyl ether)s, poly(glycidyl 
ester)S, poly(carbonate)S, poly(thioether)S, poly(thioester)S, 
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poly(alkyl Sulfone)S, poly(aryl Sulfone)S, poly(amino acid)S, 
polyamides, epoxy resins, novolac resins and quaternary 
ammonium polyacrylates and polyamines. 

25. A composition according to claim 24 in which com 
ponent (A) is derived from a linear homopolymer with an 
Mn between 300 and 500,000 daltons. 

26. A composition according to claim 24 in which com 
ponent (A) is derived from a linear homopolymer with an 
Mn between 300 and 5,000 daltons and which is selected 
from the group consisting of the poly(acrylate)S, poly 
(methacrylate)S, poly(alkylene diol)S, poly(alkylene diol) 
monoalkyl ethers, poly(aryl ether)S, poly(acrylamide)S, 
poly(methacrylamide)S, poly(ethylene imine)S, poly(Vinyl 
ether)S and poly(Vinyl ester)S. 

27. A composition according to claim 26 in which com 
ponent (A) is derived from the group consisting of poly 
(ethylene glycol)S, poly(propylene glycol)S, poly(ethylene 
glycol) monoalkyl ethers and poly(propylene glycol) 
monoalkyl ethers. 

28. A composition according to claim 27 in which com 
ponent I.) is an (A)(B) amphiphilic block copolymer in 
which component (A) is derived from a poly(ethylene 
glycol) monoalkyl ether. 

29. A composition according to claim 21 wherein hyper 
branched component (B) is derived from at least one multi 
functional monomer wherein Said monomer or monomers 
have one reactive group (b) and two or more reactive groups 
(c) and wherein reactive groups (b) and (c) are reactive with 
each other under condensation conditions. 

30. An composition according to claim 29 wherein hyper 
branched component (B) is a random copolymer or cooli 
gomer derived from at least two different monomers. 

31. A composition according to claim 29 wherein hyper 
branched component (B) is derived from at least one multi 
functional monomer wherein Said monomer or monomers 
have one group (b) and two groups (c) wherein (b) is a 
carboxylic acid group and (c) is a hydroxyl group. 

32. A composition according to claim 31 wherein one of 
Said monomerS is dimethylolpropionic acid. 

33. A composition according to claim 21 in which the 
terminal lipophilic groups are independently Straight or 
branched chain alkyl of 1 to 100 carbon atoms, straight or 
branched chain alkenyl of 1 to 100 carbon atoms, straight or 
branched chain alkynyl of 1 to 100 carbon atoms, cycloalkyl 
of 5 to 12 carbon atoms, polycycloalkyl of 14 to 112 carbon 
atoms, phenylalkyl of 7 to 15 carbon atoms, phenylalkenyl 
of 7 to 15 carbon atoms or phenylalkynyl of 7 to 15 carbon 
atOmS. 

34. A composition according to claim 33 in which the 
terminal lipophilic groups are independently Straight or 
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branched chain alkyl of 14 to 22 carbon atoms, Straight or 
branched chain alkenyl of 14 to 22 carbon atoms or Straight 
or branched chain alkynyl of 14 to 22 carbon atoms. 

35. A composition according to claim 34 in which the 
terminal lipophilic groups are derived from myristic acid, 
Stearic acid, isoStearic acid or behenic acid. 

36. A composition according to claim 21 in which 
component I.) is an amphiphilic (A)(B) block copolymer 

in which component (A) is derived from poly(ethylene 
glycol) monomethyl ether which has a Mn between 300 
and 5,000 daltons, component (B) is derived from 
dimethylolpropionic acid or dimethylolpropionic acid 
and C.C.-bis(hydroxymethyl)butyric acid and the termi 
nal lipophilic groups are derived from Stearic acid or 
isoStearic acid, and wherein 

component II.) is a polyolefin. 
37. A composition according to claim 21 wherein com 

ponent I.) is about 0.1 to about 20 percent by weight based 
on the total weight of components I.) and II.). 

38. A composition according to claim 37 wherein com 
ponent I.) is about 0.5 to about 5 percent by weight based on 
the total weight of components I.) and II.). 

39. A composition according to claim 21 in which com 
ponent I.) is incorporated into component II.) by melt 
blending. 

40. A composition according to claim 21 which contains 
further additives Selected from the group consisting of 
phenolic antioxidants, ultraViolet light absorbers, organic 
phosphorus compounds, hydroxylamines and benzofura 
OCS. 

41. A composition according to claim 21 which is an 
agricultural or packaging film, an exterior automotive part, 
a nonwoven fabric or filtration medium, a Semipermeable 
membrane, an implantable medical device or a textile fiber. 

42. A composition according to claim 21 which is a 
Solvent or water-borne paint. 

43. A composition according to claim 21 in which the 
polymer substrate of component II.) is compatible blend of 
a non-polar polymer and an additional polymer containing 
amine or carboxylic acid end groups. 

44. A composition according to claim 43 wherein the 
additional polymer containing amine or carboxylic acid end 
groups is a polyamide or polyester. 

45. A method of increasing the Surface energy or hydro 
philicity of a polymeric material wherein one or more 
amphiphilic block copolymers according to claim 1 is 
applied to or incorporated into Said polymeric material. 
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