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HOT MELT ADHESIVE BASED ON ACRYLIC 
BLOCK COPOLYMERS 

FIELD OF THE INVENTION 

[0001] The invention relates to high performance, loW 
viscosity hot melt adhesives comprising acrylic block 
copolymers. 

BACKGROUND OF THE INVENTION 

[0002] Typical acrylic pressure sensitive adhesive formu 
lations are copolymers of alkyl ester monomers and a 
functional monomer such as acrylic acid. These adhesives, 
hoWever, are generally loW in adhesion. While such adhe 
sives are conventionally formulated With loW levels of 
tacki?ers (5-30%) to improve their tack and peel, tacki?ca 
tion results in loss of heat resistance and poor aging prop 
erties. Moreover, acrylics designed for hot melts have typi 
cally been poor in shear even Without tacki?cation. 

[0003] Block acrylics have been synthesiZed for hot melt 
applications to improve heat resistance, but have exhibited 
relatively poor adhesion. This is due to the presence of a 
hard block phase that stiffens the acrylic to a degree such 
that grab and tack are insufficient. 

[0004] There continues to be a need in the art for improved 
acrylic polymer compositions that can be used to prepare 
pressure sensitive hot melt adhesive compositions that can 
be formulated with sufficient adhesion for applications such 
as industrial tapes and dermal applications. 

[0005] The current invention ful?lls this need. 

SUMMARY OF THE INVENTION 

[0006] The invention provides a hot melt adhesive com 
prising an acrylic block copolymer, Wherein the acrylic 
block copolymer is present in the composition in amounts of 
less than about 50% by Weight based on the Weight of the 
adhesive composition. The adhesive of the invention Will 
also preferably contain a tacki?er and/or diluent. Apreferred 
diluent for use in the practice of the invention is polypro 
pylene glycol. The adhesives of the invention may advan 
tageously be formulated for loW temperature application. 

[0007] Block copolymers that may be used in the practice 
of the invention Will generally be multiblock polymers 
Wherein greater than about 50 Weight % of the polymer 
comprises at least 2 hard blocks per molecule. Examples of 
block copolymers include those having the formula -A-B-A 
and (-A-B-)n—Xm. Particularly preferred are block copoly 
mers of the formula -[A1]-[B]-[A2]-. In the above repre 
sentative formulations, A, A1 and A2 each represents a 
polymer block having a glass transition temperature (Tg) of 
greater than about 30° C. (also referred to as a hard block) 
and B represents a polymer block having a Tg of less than 
about 20° C. (also referred to as a soft block) and X 
represents a multifunctional coupling agent. Polymer block 
B Will preferably be present in amounts of at least 50 Weight 
%. In a particularly preferred embodiment, A1 and A2 is 
methyl methacrylate and B is n-butyl acrylate. 

[0008] The invention also provides a process for bonding 
a substrate to a similar or dissimilar substrate using the 
adhesive. 
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[0009] The invention further provides articles of manu 
facture comprising the adhesive. The properties of the 
adhesive makes it particularly useful in the manufacture of 
industrial tapes, in medical applications (e.g., for dermal 
applications) and in nonWoven applications. 

BRIEF DESCRIPTION OF THE DRAWING 
FIGURE 

[0010] FIG. 1 shoWs the rheology of an adhesive com 
prising 29.1% acrylic block copolymer, 58.4% tacki?er and 
12.5% of a diluent. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0011] All references cited herein are incorporated in their 
entireties by reference. 

[0012] It has noW been discovered that hot melt adhesives 
With high shear, aggressive tack and peel and loW viscosity 
can be obtained using acrylic block copolymers, When loW 
levels of acrylic block copolymers are used in the formu 
lated adhesive. The acrylic block copolymers are formulated 
With different types and amounts of tacki?ers and/or diluents 
to obtain the properties required for a desired end use. 

[0013] The adhesives of the invention exhibit unique 
features that make them useful for a variety of applications. 
Features such as high heat resistance at loW viscosity, high 
polarity for good adhesion to polar surfaces, high moisture 
vapor transmission rate and good Weatherability. These 
features make the adhesives of the invention Well suited as 
hot melt adhesives for medical (breathability) and industrial 
(heat, plasticiZer, polar surface adhesion and Weathering 
resistance) applications, as positioning adhesives (e.g., for 
sanitary napkins) that are breathable, non-staining, and 
transfer resistant, as bottle labeling adhesives With very loW 
application temperatures and excellent clarity, and as elastic 
attachment adhesives With high creep resistance and lycra 
adhesion. 

[0014] Adhesives of the invention may be formulated for 
application at loW temperatures. A loW application tempera 
ture hot melt adhesive formulation is one that can be applied 
at temperatures beloW about 300° F., more preferably at 
about 250° F. and doWn to about 200° F. 

[0015] Adhesives having high levels of grab and tack, Well 
beyond those of solution acrylics, may be obtained When 
loW polymer levels are used. By loW levels of acrylic block 
copolymers means amounts of less than about 50% by 
Weight based on the Weight of the adhesive composition. 
The block copolymer component Will be present at levels of 
less than 50% by Weight of the adhesive composition, more 
typically at levels of less than about 40% by Weight, most 
preferably at levels of from about 20 to about 35% by 
Weight. 
[0016] Acrylic polymer, as used herein, is intended to 
include those polymers that contain at least one acrylic or 
methacrylic acid alkyl ester monomer. Block copolymers 
that may be used in the practice of the invention Will 
generally be multiblock polymers Wherein greater than 
about 50 Weight % of the polymer comprise at least 2 hard 
blocks. Examples of useful block copolymers include those 
of the formula -A-B-A- and (-A-B-)n—Xm. Particularly 
preferred are block copolymers of the formula -[A1]-[B] 
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[A2]-. In the above representative formulations, A, A1 and 
A2 each represents a polymer block having a glass transition 
temperature (Tg) of greater than about 30° C., preferably 
greater than 80° C., most preferably greater than 110° C., as 
determined by differential scanning calorimetry (DSC), B 
represents a polymer block having a Tg of less than about 
20° C., preferably less than 0° C., most preferably less than 
—20° C. as determined by DSC, and X represents a multi 
functional coupling agent such as silicon tetrachloride, 
dibromoethane and tris(nonyl phenyl) phospite. 

[0017] The Tg of the acrylic blocks can be determined by 
differential scanning calorimetry (DSC) conducted at a 
heating rate of 200° C./minute With 5 mg or smaller 
samples. The Tg is calculated as the midpoint betWeen the 
onset and endpoint of heat ?oW change corresponding to the 
glass transition on the DSC heat capacity heating curve. The 
use of DSC to determine Tg is Well knoWn in the art, and is 
described by B. Cassel and M. P. DiVito in “Use of DSC To 
Obtain Accurate Thermodynamic and Kinetic Data”, Ameri 
can Laboratory, January 1994, pp 14-19, and by B. Wunder 
lich in Thermal Analysis, Academic Press, Inc., 1990. 

[0018] Suitable A1 and A2 polymer blocks include poly 
mers or copolymers derived from acrylic or methacrylic acid 
alkyl ester monomers such as methyl methacrylate, ethyl 
methacrylate, n-propyl methacrylate, isobutyl methacrylate, 
isobornyl acrylate, isobornyl methacrylate, isobutyl meth 
acrylate, t-butyl methacrylate, cycloheXyl methacrylate and 
combinations thereof. 

[0019] Suitable B polymer blocks include polymers or 
copolymers derived from acrylic or methacrylic acid alkyl 
ester monomers such as methyl acrylate, ethyl acrylate, 
n-propyl acrylate, isobutyl acrylate, n-butyl acrylate, n-pro 
pyl acrylate, isobutyl acrylate, sec-butyl acrylate, t-butyl 
acrylate, amyl acrylate, isoamyl acrylate, n-heXyl acrylate, 
2-ethylheXyl acrylate, lauryl acrylate, iso-octyl acrylate, 
decyl methylacrylate and combinations thereof. 

[0020] It is understood that the same acrylic monomers 
may be included in both the hard and soft blocks, and that 
one or more other copolymeriZable monomers may be used 
in the preparation of the polymeric blocks. CopolymeriZable 
ole?nic monomers include but are not limited to, acrylic 
acid, methacrylic acid, vinyl esters, vinyl ethers, styrene 
monomers, and acrylamides and methacrylamides. Other 
ole?nic comonomers may be present in amounts of up to 
about 25% of each block, preferably less than 10%, provided 
they do not interrupt the clean phase separation betWeen the 
hard and soft blocks upon cooling. 

[0021] It is particularly preferred to add 1-10% of adhe 
sion promoting comonomers to the soft B block, eXamples 
of Which Would be acrylic acid, N-vinyl-2-pyrrolidone, 
acrylamide, and hydroXy ethyl acrylate. 

[0022] Polymer block B Will preferably be present in 
amounts of at least 50 Weight %. In a particularly preferred 
embodiment, A1 and A2 is methyl methacrylate and B is 
n-butyl acrylate. 

[0023] Methods of preparing acrylic block copolymers are 
knoWn in the art. Block copolymers for use in the practice 
of the invention may be made by anionic polymeriZation as 
described in Japanese Kokai 11-30222617, by free radical 
polymeriZation as described by P. Mancinelli, MateriauX et 
Techniques, March-April 1990, pp. 41-46, by polyfunctional 
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chain transfer agents such as described by in US. Pat. No. 
5,679,762, by iniferter polymeriZation as described in EP 0 
349 270 B1 and/or by free radical retrograde precipitation, 
as described in copending commonly assigned U.S. appli 
cation Ser. No. 10/045,881. Particularly preferred are acrylic 
block copolymers prepared by anionic polymeriZation. 

[0024] In addition to the acrylic block copolymers, or 
blends thereof, the hot melt adhesive compositions of the 
invention Will comprise a compatible tacki?er and/or plas 
ticiZer. The block copolymer, tacki?er and plasticiZer Will be 
selected and used in amounts effective to produce the desired 
properties required for the intended end use. 

[0025] Tackifying resins useful in the adhesive composi 
tions of this invention include hydrocarbon resins, synthetic 
polyterpenes, rosin esters, natural terpenes, and the like. The 
tackifying agent Will generally be present at a level of 
greater than about 30% by Weight of the adhesive compo 
sition and preferably at a level of from about 35% by Weight 
to about 80% by Weight. 

[0026] More particularly, and depending upon the particu 
lar base polymer, the useful tackifying resins may include 
any compatible resins or miXtures thereof such as natural 
and modi?ed rosins including, for eXample, as gum rosin, 
Wood rosin, tall oil rosin, distilled rosin, hydrogenated rosin, 
dimeriZed rosin, and polymeriZed rosin; glycerol and pen 
taerythritol esters of natural and modi?ed rosins, including, 
for eXample as the glycerol ester of pale, Wood rosin, the 
glycerol ester of hydrogenated rosin, the glycerol ester of 
polymeriZed rosin, the pentaerythritol ester of hydrogenated 
rosin, and the phenolic-modi?ed pentaerythritol ester of 
rosin; copolymers and terpolymers of natural terpenes, 
including, for eXample, styrene/terpene and alpha methyl 
styrene/terpene; polyterpene resins having a softening point, 
as determined by ASTM method E28-58T, of from about 80° 
C. to 150° C.; phenolic modi?ed terpene resins and hydro 
genated derivatives thereof including, for eXample, the resin 
product resulting from the condensation, in an acidic 
medium, of a bicyclic terpene and a phenol; aliphatic 
petroleum hydrocarbon resins having a Ball and Ring soft 
ening point of from about 70° C. to 135° C.; aromatic 
petroleum hydrocarbon resins and the hydrogenated deriva 
tives thereof; and alicyclic petroleum hydrocarbon resins 
and the hydrogenated derivatives thereof. Mixtures of tWo or 
more of the above described tackifying resins may be 
required for some formulations. Also included are the cyclic 
or acyclic C5 resins and aromatic modi?ed acyclic or cyclic 
resins. 

[0027] Also useful are resins that are substantially aro 
matic. Examples of such resins can be prepared from any 
substantially aromatic monomers having a polymeriZable 
unsaturated group. Typical eXamples of such aromatic 
monomers include the styrenic monomers, styrene, alpha 
methyl styrene, vinyl toluene, methoXy styrene, tertiary 
butyl styrene, chlorostyrene, etc., indene monomers includ 
ing indene, and methyl indene. 

[0028] Various plasticiZing agents or diluents may also be 
present in the composition in amounts of up to about 50% by 
Weight, preferably in amounts of from about 10 to about 
45% by Weight of the adhesive composition. Suitable dilu 
ents Will preferably be primarily compatible With the soft 
(B) block of the acrylic block copolymer. Diluents are liquid 
or semi-solid materials With a Tg, as determined by DSC, 
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below room temperature. These include plasticiZing or 
extending oils and liquid tacki?ers. Liquid tacki?ers include 
rosin derivatives such as rosin alcohol, the methyl ester of 
rosin and the rosin ester formed by esterifying diethylene 
glycol With rosin. Other examples are loW molecular Weight 
hydrocarbon resins such as Wingtack 10, available from 
Goodyear, and EsoreZ 2520 available from Exxon Chemical. 

[0029] Suitable plasticiZing or extending oils include ole 
?n oligomers and loW molecular Weight polymers as Well as 
vegetable and animal oil and their derivatives. The petro 
leum derived oils Which may be employed are relatively 
high boiling materials containing only a minor proportion of 
aromatic hydrocarbons (preferably less than 30% and, more 
particularly, less than 15% by Weight of the oil). Alterna 
tively, the oil may be totally non-aromatic. Suitable oligo 
mers include polypropylenes, polybutenes, hydrogenated 
polyisoprene, hydrogenated polybutadiene, or the like hav 
ing average molecular Weights betWeen about 350 and about 
10,000. Examples of oils suitable for use herein include 
LUMINOL T350 and KAYDOL OIL, both available from 
Witco Corporation. Naphthenic oils, such as Calsol 5550, 
available from Calumet is also useful. 

[0030] Other suitable diluents include aliphatic esters such 
as phthalic acid esters, adipic acid esters, sebacic acid esters 
and aZelaic acid esters, paraffins such as chlorinated paraf?n, 
and polyalkylene glycols such as polyethylene glycol, 
polypropylene glycol and polytetramethylene glycol as Well 
as their random or block copolymers. Phthalic acid esters 
such as dibutyl phthalate, di-n-decyl phthalate, bis-2-ethy 
hexyl phthalate and diisodecyl phthalate, polypropylene 
glycol and ditridecyl adipate are particularly preferred dilu 
ents for use in the practice of the invention. 

[0031] An antioxidant or stabiliZer may also be included in 
the adhesive compositions described herein in amounts of up 
to about 3% by Weight, more typically in amounts of about 
0.5%. Among the stabiliZers or antioxidants useful herein 
are the hindered phenols or hindered phenols in combination 
With a secondary antioxidant such as distearyl thiodipropi 
onate (“DSTDP”) or dilauryl thio-dipropionate (“DLTDP”). 
Representative antioxidants include: 1,3,5-trimethyl 2,4,6 
tris (3,5-di-tert-butyl-4-hydroxybenZyl)benZene; pen 
taerythrityl tetrakis-3(3,5-di-tert-butyl-4-hydroxyphenyl 
)propionate; pentaerythritol tetrakis (3-lauryl 
thiodipropionate); n-octadecyl-3,5 -di-tert-butyl-4-hydrox 
yphenol)-propionate; 4,4‘-methylenebis (2,6-tert-butylphe 
nol); 4,4‘-thiobis (6-tert-butyl-o-cresol); 2,6-di-tertbutylphe 
nol; 6-(4-hydroxyphenoxy)-2,4-bis(n-octyl-thio)-1,3,5 
triaZine; di-n-octadecyl 3,5-di-tert-butyl-4-hydroxy-benZyl 
phosphonate; 2-(n-octylthio)ethyl 3,5-di-tert-butyl-4 
hydroxy-benZoate; and sorbitol hexa[3-(3,5-di-tert-butyl-4 
hydroxyphenyl)-propionate]. Preferred are IRGAF OS 168, a 
secondary antioxidant available from Ciba and IRGANOX 
1010, a hindered phenol primary antioxidant available from 
Ciba-Geigy. Other antioxidants include ETHANOX 330, a 
hindered phenol from Albermarle; SANTOVAR, a 2,5 
ditert-amyl hydroquinone from Monsanto; and NAUA 
GARD P a tris (p-nonylphenyl)phosphite from Uniroyal. 

[0032] Other additives conventionally used in hot melt 
adhesives to satisfy different properties and meet speci?c 
application requirements also may be added to the adhesive 
composition of this invention. Such additives include, for 
example, ?llers, pigments, ?oW modi?ers, dyestuffs, Which 
may be incorporated in minor or larger amounts into the 
adhesive formulation, depending on the purpose. 

[0033] Hot melt adhesives may be prepared using tech 
niques knoWn in the art. Typically, the adhesive composi 

Jun. 24, 2004 

tions are prepared by blending the components in the melt at 
a temperature of about 1000 to 200° C. until a homogeneous 
blend is obtained, generally about tWo hours. Various meth 
ods of blending are knoWn and any method that produces a 
homogeneous blend is satisfactory. 

[0034] The adhesive may be advantageously formulated 
for use in, for example, medical applications, for industrial 
applications, positioning adhesives, bottle labeling adhe 
sives, and elastic attachment adhesives. 

[0035] The pressure sensitive adhesives of the invention 
may advantageously be used in the manufacture of adhesive 
articles including, but not limited to, industrial tapes and 
transfer ?lms. The adhesive articles are useful over a Wide 
temperature range, have improved UV resistance and adhere 
to a Wide variety of substrates, including loW energy sur 
faces, such as polyole?ns, e.g., polyethylene and polypro 
pylene, polyvinyl ?uoride, ethylene vinyl acetate, acetal, 
polystyrene, poWder-coated paints, and the like. Single and 
double face tapes, as Well as supported and unsupported free 
?lms are encompassed by the invention. Also included, 
Without limitation, are labels, decals, name plates, decora 
tive and re?ective materials, reclosable fasteners, theft pre 
vention and anti-counterfeit devices. 

[0036] In one embodiment, the adhesive article comprises 
an adhesive coated on at least one major surface of a backing 
having a ?rst and second major surface. Useful backing 
substrates include, but are not limited to foam, metal, fabric, 
and various polymer ?lms such as polypropylene, polya 
mide and polyester. The adhesive may be present on one or 
both surfaces of the backing. When the adhesive is coated on 
both surfaces of the backing, the adhesive on each surface 
can be the same or different. 

[0037] Hot melt pressure sensitive adhesives may also be 
formulated that are especially suited for adhesive skin 
application, including transdermal drug delivery applica 
tions. Adhesives are provided that have good skin adhesion 
and that leave less adhesive residue on the skin. One 
embodiment is directed to a transdermal drug delivery 
system comprising an adhesive layer, a therapeutic agent 
and a backing layer. In one embodiment, the drug delivery 
system also comprises a release layer. In another embodi 
ment of the drug delivery system the drug to be delivered is 
incorporated into the adhesive. 

[0038] Hot melt adhesives may also be formulated for 
bonding a label to a container such as a bottle. Encompassed 
are articles comprising a label, Wherein the label is attached 
to the article by the adhesive described herein. 

[0039] The invention also provides a method for bonding 
a ?rst substrate to a second substrate In one embodiment the 
method comprises comprising applying to a surface of at 
least one of a ?rst and/or second substrate the adhesive 
composition of the invention. In bottle labeling applications 
the ?rst substrate is a label and said second substrate is a 
container. 

[0040] The folloWing examples are presented for purpose 
of illustration and not limitation. 

EXAMPLES 

[0041] Sample Preparation 
[0042] All the formulations Were prepared in a 600 g 
Brabender mixer With sigma blades. In each case, the mixer 
Was preheated to approximately 325° F. In the preparation of 
Comparative Samples E, F and G, the tWo ingredients Were 



US 2004/0122161 A1 

mixed together until homogenous. In the preparation of 
Comparative Samples A-D and Samples 1-13 the polymer 
and antioxidant Were added ?rst and mixed With about 5% 
of the tacki?er and the diluent. Once homogenous, the 
tacki?er Was added gradually. Finally, the remaining diluent 
Was added. 

[0043] Polymers 
[0044] The polymers described in Table 1 Were used to 
prepare the Sample formulations of the Examples. 

[0045] ABCP1, ABCP2, ABCP3, ABCP4, ABCP5 and 
ABCP6 are block copolymers prepared by anionic polymer 
iZation, as described in Japanese Kokai No.11-302617. 

[0046] ABCP7, ABCP8 and ABCP9 are star polymers 
prepared by free radical polymeriZation in the presence of a 
multivalent chain transfer agent, as described in US. Pat. 
No. 5,679,762. 

[0047] ABCP10 is a block copolymer prepared by free 
radical retrograde precipitation, as described in copending 
commonly assigned US. application Ser. No. 10/045881. 

TABLE 1 

% Methyl % n-Butyl % Ethylhexyl 
Methacrylate Acrylate Acrylate 

Block Copolymer by Weight by Weight by Weight MW 

ABCP1 30 70 67,000 
ABCP2 30 70 — 57,000 

ABCP3 30 70 72,000 
ABCP4 24.7 75.3 — 203,000 

ABCPS 31 69 — 160,000 

ABCP6 25 75 — 77,000 
ABCP7 25 75 — — 

ABCPS 33 67 — — 

ABCP9 31 54 15 — 

ABCP10 33 67 — 120,000 

[0048] Viscosity, Loop Tack, Peel and Shear Testing 

[0049] Viscosity Was measured in a Brook?eld viscom 
eter, spindle #27. Adhesive ?lms With a 2 mil thickness Were 
made on release liner and then transferred to 2 mil PET. All 
bonds betWeen adhesive and polished stainless steel plates 
(satin ?nish) Were made by tWo passes of a 4.5 lb. roller at 
a rate of 12 in/min. 180° peel testing Was performed With a 
20 minute dWell on plates. Films (1“><5“) Were pulled at a 
rate of 12 in/min. Shear testing included a 15 minute dWell 
on plates. Abonded area of 1“><1“ and 2 kg Weight (Sample 
4), 0.5 kg Weight (Sample 13) or 1 kg Weight (Sample 14) 
used. ATMI Looptack Tester analyZed loop tack on 1“ strips 
of adhesive. All testing conditions Were 23° C. and 50% 
relative humidity. 

[0050] Rheology 
[0051] A Rheometrics Dynamic Mechanical AnalyZer 
(Model RDA 700) Was used to obtain the elastic (G‘) and 
loss (G“) moduli versus temperature. The instrument Was 
controlled by Rhios softWare version 4.3.2. Parallel plates 8 
mm in diameter and separated by a gap of about 2 mm Were 
used. The sample Was loaded and then cooled to about —100° 
C. and the test started. The program test increased the 
temperature at 5° C. intervals folloWed by a soak time at 
each temperature of 10 seconds. The convection oven con 
taining the sample Was ?ushed continuously With nitrogen. 
The frequency Was maintained at 10 rad/s. The initial strain 
at the start of the test Was 0.05% (at the outer edge of the 
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plates). An autostrain option in the softWare Was used to 
maintain an accurately measurable torque throughout the 
test. The option Was con?gured such that the maximum 
applied strain alloWed by the softWare Was 50%. The 
autostrain program adjusted the strain at each temperature 
increment if Warranted using the folloWing procedure. If the 
torque Was beloW 200 g-cm the strain Was increased by 25% 
of the current value. If the torque Was above 1200 g-cm it 
Was decreased by 25% of the current value. At torques 
betWeen 200 and 1200 g-cm no change in strain Was made 
at that temperature increment. The shear storage or elastic 
modulus (G‘) and the shear loss modulus (G“) are calculated 
by the softWare from the torque and strain data. Their ratio, 
G“/G‘, also knoWn as the tan delta, Was also calculated. 

Example 1 
[0052] Adhesive formulations containing different levels 
of polymer Were compared. The polymer used Was ABCP1. 
The tacki?er used Was KE-311, a disproportionated and 
hydrogenated rosin ester With a softening point of 95° C., 
available from ArakaWa Chemical Industries, Co. Plasthall® 
DIDA (diisodecyl adipate), available from C.P. Hall Co., 
Was used as the diluent. 

[0053] The amounts of components used to prepare each 
Sample formulation are shoWn in Table 2. In addition to the 
components shoWn in Table 2, each formulation also con 
tained 0.2-0.5 Weight percent of an antioxidant (Irganox 
1010, available from Ciba Specialty Chemicals Corp.). 

TABLE 2 

Adhesive Sample ABCP1 KE-311 DIDA 

Sample 1 35 50 15 
Sample 2 42 50 8 
Sample 3 45.5 45.5 9 
Sample A 50 40 10 
Sample B 56 44 — 

Sample C 62.5 37.5 — 
Sample D 70 30 — 

[0054] Adhesive formulations prepared in accordance 
With the invention (Samples 1-3) Were compared With 
adhesive formulations containing a high level (i.e., 50% or 
more by Weight of the adhesive formulation) of polymer 
(Samples A-D). 
[0055] Adhesive Samples 1-3 Were all usable pressure 
sensitive adhesives With acceptable viscosities. Adhesive 
Sample 3 Was a strong, rubbery, pressure sensitive adhesive. 
While Adhesive Sample 2 Was a stiffer product With less 
aggressive tack, it Was still useable as a pressure sensitive 
adhesive. Adhesive Sample 1 Was a soft, strong, pressure 
sensitive adhesive. 

[0056] In contrast, the use of a high level of polymer and 
a loW level of rosin ester (Sample D) resulted in a clear, stiff 
material With loW tack. With a decreased level of polymer 
and increased level of rosin ester (Samples C and B) the 
material Was more stiff and lost its pressure sensitive prop 
erties. The introduction of diisodecyl adipate (Sample A) 
decreased viscosity but did not have much effect on adhesive 
properties. 

Example 2 
[0057] Adhesive formulations containing various levels of 
different polymers, tacki?ers and diluents Were compared. 
The components and amounts used to prepare each Sample 
formulation and the resulting viscosity are shoWn in Table 3. 
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TABLE 3 

Adhesive Sample Block Copolymer Tacki?er Diluent Viscosity @ 325° F. 

Sample 4 29.1% ABCP1 58.4% KE-311 12.5% DIDA 800 
Sample 5 29.1% ABCP3 58.4% ICE-100 12.5% DTDA 3,800 
Sample 6 29.1% ABCP9 58.4% ICE-100 12.5% DTDA 2,000 
Sample 7 40% ABCP9 49% ICE-100 11% DTDA 6,800 
Sample 8 28.7% ABCP2 56.4% Kristalex 3085 14.9% DTDA 425 
Sample 9 24% ABCP4 45% Kristalex 3085 31% DTDA 7,000 
Sample 10 18% ABCP4 45% Kristalex 3085 31% DTDA 2,250 

6% ABCP8 

Sample 11 20% ABCP10 46% Kristalex 3085 34% DTDA 208,000 (@ 400° Sample 12 24% ABCP4 42% ICE-100 34% Poly-G 20-28 121,500 

Sample 13 24% ABCP4 42% ICE-100 34% Poly-G 26-150 1,500 
Sample 14 31% ABCP5 45% ICE-100 27% Poly-G 26-150 18,600 
Sample E 80% ABCP7 20% Foral 85 — 252,500 
Sample F 80% ABCP7 20% Kristalex 3085 — 130,500 
Sample G 60% ABCP7 40% Kristalex 3085 — 19,150 
Sample H 50% ABCP6 50% Kristalex 3085 — 7700 
Sample I 50% ABCP6 50% ICE-100 — 22,800 

Kristalex 3085 is an ot-methyl styrene resin With a softening point of 85° C., available from Hercules Inc. 
KE-100 is a disproportionated rosin ester With a softening point of 100° C., available from ArakaWa Chemical 
Industries, Co. 
KE-311 is a disproportionated and hydrogenated rosin ester With a softening point of 95° C., available from 
ArakaWa Chemical Industries, Co. 
Foral 85 is a hydrogenated rosin ester With a softening point of 85° C., available from Hercules Inc. 
Plasthall ® DTDA (ditridecyl adipate) and Plasthall ® DIDA (diisodecyl adipate) are available from C.P. Hall 
Co. 
Poly-G ® 20—28 Poly-G ® 26—150 (polypropylene glycol of molecular Weights 4000 and 775, respectively) are 
available from Arch Chemicals, Inc. 
Irganox 1010 is an antioxidant, available from Ciba Specialty Chemicals Corp. 

[0058] Properties of various formulations shown in Table 
3 are set forth in Tables 4 and 5. In addition to G‘ and tan 
delta, Table 4 shoWs the temperature at Which tan delta=1. 
For block copolymer-based adhesives tan delta generally is 
very loW at loW temperatures, increases With temperature to 
a reach a maximum at the mid-block Tg, usually at a value 
for tan delta of >1, then decreases as the temperature is 
raised further to a level beloW about 0.8 in the rubbery 
region, and ?nally increases to a value above 1 at very high 
temperatures in the How region—Which occurs When the 
hard blocks have softened. If the hot melt adhesive compo 
sition exhibits a tan delta curve Which does not drop beloW 
about 0.8 in the rubbery region it Will have inadequate 
resistance to edge ooZe during storage When in the form of 
rolls of pressure sensitive adhesive tape. The temperature 
cited in Table 4 is the loWest temperature at Which tan delta 
reaches 1 and never again falls beloW 0.8 as the temperature 
is raised further. When tan delta=1 a material’s mechanical 
response is equally viscous and elastic. When this tempera 
ture is beloW the mid-block Tg, it is an indication of poor 
resistance to cold ?oW or edge ooZe. Higher temperatures 
indicate greater resistance to heat and pressure. The RDA 
scan of adhesive Sample 4 is shoWn in FIG. 1. 

TABLE 4 

Adhesive Mid-Block G’ (25° C.) tan delta T (° C.) at Which 
Sample Tg (° C.) 105 dynes/cm2 (25° C.) tan delta = 1 

Sample 1 2 3.2 0.59 104 
Sample 4 12 4.4 2.26 104 
Sample 5 17 7.68 3.13 123 
Sample 6 16 4.93 4.18 0 
Sample 7 12 4.51 2.09 —4 
Sample 8 22 9.58 3.18 3 
Sample 9 —15 1.05 0.41 131 
Sample 10 —14 0.52 0.52 125 
Sample 11 —14 0.48 0.42 >200 

TABLE 4-continued 

Adhesive Mid-Block G’ (25° C.) tan delta T (° C.) at Which 
Sample Tg (° C.) 105 dynes/cm2 (25° C.) tan delta = 1 

Sample 12 —10 0.93 0.59 148 
Sample 13 —13 0.65 0.44 102 
Sample 14 —2 0.61 0.54 125 
Sample E —8 7.22 0.79 130 
Sample F 0 14.3 0.92 12 
Sample G 20 46.3 1.89 5 
Sample H 39 650 1.26 21 
Sample I 29 160 2.64 125 

[0059] 

TABLE 5 

Adhesive Sample 180° Peel (lbs/in) Loo Tack (OZ/1112) Shear (hrs) 

Sample 4 6.1 105 >140 
Sample 13 0.14 13 6 
Sample 14 1.4 29 67 

[0060] Comparative Samples E, F and G contained high 
levels of polymer. Sample E formed an opaque substance. 
Sample F resulted in a clear adhesive. Both Sample E and F 
exhibited light tack at room temperature but Were too stiff 
for pressure sensitive adhesive applications. Sample G Was 
not tacky and Was very stiff (high G‘). Samples H and I Were 
clear and ?exible, but hard, With no pressure sensitivity. 

[0061] Samples 4-14 shoW that loW levels of polymer can 
be utilized to form acceptable pressure sensitive adhesives. 
By altering the amount of ingredients the properties of the 
adhesive can be tailored to a desired end use. Samples 
having a desired level of tack, grab, softness, heat resistance, 
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etc., can be formulated using loW levels of polymer. For 
example, Sample 4 Was found to be an aggressive pressure 
sensitive adhesive having properties making this formula 
tion an excellent candidate for use in industrial tapes. 
Samples 13 and 14 Were found to be soft adhesives With 
excellent grab on skin, but painless removal, and having 
high moisture vapor transmission making these formulations 
excellent candidates for use as skin adhesives. 

[0062] These examples also shoW that the method of 
preparing the block copolymers have a signi?cant effect on 
the adhesive properties. Formulations prepared using acrylic 
block copolymers prepared by anionic means exhibit the 
best combination of hot melt adhesive properties. Samples 6 
and 7 contain acrylic block copolymers prepared by free 
radical chemistry using polyfunctional chain transfer agents. 
These adhesives are suf?ciently soft (loW G‘) and viscous 
(high tan delta) in their response to deformation that they 
bond adequately and strongly. In addition the viscosity of 
these adhesives is suf?ciently loW (<50,000 cP at a reason 
able application temperature) to alloW them to be applied as 
hot melts. HoWever, their heat resistance is loW (T at Which 
tan delta=1) Which limits the applications for Which they are 
suitable. Sample 11, Which uses an acrylic block copolymer 
prepared via free radical retrograde polymeriZation exhib 
ited outstanding heat resistance and good adhesion, but is 
too viscous for most conventional hot melt application 
equipment. Thus While useful adhesives can be formulated 
from any of these block copolymers at <50% polymer, the 
best overall adhesive properties are obtained from those 
polymeriZed anionically. 
[0063] Many modi?cations and variations of this inven 
tion can be made Without departing from its spirit and scope, 
as Will be apparent to those skilled in the art. The speci?c 
embodiments described herein are offered by Way of 
example only, and the invention is to be limited only by the 
terms of the appended claims, along With the full scope of 
equivalents to Which such claims are entitled. 

Jun. 24, 2004 

1. Ahot melt adhesive composition comprising an acrylic 
block copolymer, Wherein the acrylic block copolymer is 
present in the composition in amounts of less than about 
50% by Weight based on the Weight of the adhesive com 
position. 

2. The adhesive of claim 1 Wherein the adhesive further 
comprises a tacki?er and/or diluent. 

3. The adhesive of claim 1 Wherein the block copolymers 
have the formula: 

Wherein A1 and A2 each represents a polymer block 
having a glass transition temperature (Tg) of greater 
than about 30° C., and B represents a polymer block 
having a Tg of less than about 20° C. 

4. The adhesive of claim 3 Wherein polymer block B is 
present in amounts of at least about 50 Weight %. 

5. The adhesive of claim 3 Where in A1 and A2 is methyl 
methacrylate and B is n-butyl acrylate. 

6. The adhesive of claim 2 Wherein said diluent is 
polypropylene glycol 

7. The adhesive of claim 2 comprising from about 20 to 
about 35 Wt % of an acrylic block copolymer, from about 35 
to about 80 Wt % of a tacki?er, and from about 10 to about 
45 Wt % of a diluent, and up to about 2 Wt % of an 
antioxidant. 

8. The adhesive of claim 1 comprising a block copolymer 
prepared by anionic polymeriZation. 

9. An article of manufacture comprising the adhesive of 
claim 1. 

10. The article of claim 9 Which is an adhesive tape. 

11. The article of claim 10 Which is a medical tape. 

12. The article of claim 11 Which is a transdermal drug 
delivery device. 


