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Higher service temperature pressure sensitive adhesives were formulated from 
poly(styrene-b-isoprene-b-styrene) (SIS) block copolymer blended with low molecular 
weight midblock and endblock associating resins. The aliphatic midblock resin was 
WingTack 95" and the aromatic endblock resin was a polyphenylene ether, PPO. In 
even small amounts (< 3%) the PPO raised the service temperature of the adhesive, as 
measured by elevated temperature holding power (lap shear) tests. The formulations 
were also examined with transmission electron microscopy (TEM), small angle X-ray 
scattering (SAXS), dynamic mechanical analysis (DMA), and 180" peel strength tests. A 
tentative ternary phase diagram for SIS/WingTack 9SW'/PP0 was constructed and a 
basic understanding of structure/property relationships for this PSA system was ac- 
complished. The large improvements in the elevated temperature holding power tests 
correlated with increases in the polystyrene microphase glass transition and order- 
disorder transition. 

Keywords: Poly(styrene-b-isoprene-styrene); Triblock copolymers; Tackifier; Polyphen- 
ylene ether; Block copolymer phase behavior; Peel strength 
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66 R.-M. HO et al. 

INTRODUCTION 

Pressure sensitive adhesives (PSAs) based on triblock copolymer 
thermoplastic elastomers have the advantage that they can be melt 
processed, avoiding the environmental problems and expense asso- 
ciated with solvent processing [l -41. Typical are the styrene- 
isoprene - styrene (SIS) triblock copolymers, where the polystyrene 
endblocks microphase separate to form glassy, thermoreversible 
“crosslinks” for the polyisoprene matrix phase. The matrix phase 
needs to be rubbery in the service temperature range, and hydro- 
genated or partially-hydrogenated rubbers are also used for the 
midblock matrix phase. The rubbery plateau modulus of the neat 
elastomer is usually too high for adequate tack. “Tackifiers” (lower 
molecular weight resins, miscible in the rubbery matrix phase), are 
added to lower the shear modulus (G’, measured at about 1 Hz) be- 
low 3 x lo5 Pa, the Dahlquist criterion for tack [ 5 ] .  

The glass transition of polystyrene normally places an upper limit 
on the service temperature, but it has been recognized that high- 
softening-point, polystyrene-compatible resin additives could increase 
the glass transition temperature of the polystyrene domains [6,7]. 
Thus, two types of resin additives could be used in formulating PSAs 
from triblock copolymers: a midblock associating resin that lowers 
the modulus to an acceptable level allowing tack, and an endblock 
associating resin with a high softening point to raise the upper service 
temperature. Polyphenylene ether, also referred to as polyphenylene 
oxide or PPO, is completely miscible in polystyrene homopolymer 
[8- 101. It has been disclosed to be a useful endblock associating 
resin to raise the service temperatures of PSAs [l 1,121. More recently, 
methods to improve the blending of PPO into the polystyrene do- 
mains have been disclosed [13]. The effect of PPO on the phase 
behavior in styrenic triblock copolymers has also been studied at tem- 
peratures below the order-disorder transition [ 141. 

This study uses a model PSA three-component blend system con- 
sisting of block copolymer, midblock associating resin, and endblock 
associating resin. The adhesive is formulated to achieve good prop- 
erties in tack and peel strength from the midblock associating 
resin, and improved holding power at  elevated temperature from 
the endblock associating resin. Compositions with midblock and 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
1
1
 
2
2
 
J
a
n
u
a
r
y
 
2
0
1
1



BLOCK COPOLYMER BASED PSAs 61 

endblock associating resins were prepared by solution blending 
with SIS triblock copolymer and examined by transmission electron 
microscopy (TEM), small angle X-ray scattering (SAXS), and dy- 
namic mechanical analysis (DMA). Two property tests were also 
conducted: the 180" peel strength test, and the lap shear holding pow- 
er test at elevated temperature. The objectives of this work are to 
illuminate the composition, microstructure, property relationships of 
triblock-copolymer-based PSAs modified with midblock and end- 
block associating resins. Tests were done over a wide temperature 
range, from below the glass transition of the rubber matrix phase 
through the ODT (order-disorder transition); the variety of tests per- 
mits property optimization in formulating improved performance. 

EXPERIMENTAL 

Materials 

The styrenic triblock copolymer used in this investigation is a 
poly(styrene-b-isoprene-h-styrene), (symbolized as SIS), Kraton 
D1107 of Shell Development Co. According to the supplier, this com- 
mercial SIS is 15% styrene by weight. Size exclusion chromatography 
(SEC) indicates that the as-supplied SIS contains approximately 
20 wt% uncoupled diblock. The percentage of diblock content was de- 
termined by the area ratio of two Gaussian curves fitted to the SEC 
profile. [The presence of some diblock copolymer may effect the 
viscoelastic and adhesive properties of this material; however, in the 
comparative study reported here the percentage of diblock remains 
constant and should not influence our conclusions.] The triblock 
number average molecular weight, Mn, was 175,00Og/mol and the 
polydispersity index ca. 1.49; thus, each endblock has a Mn of about 
13,00Og/mol. Two oligomer resins were chosen to mix with the SIS: 
an aliphatic resin, WingTack" 95 of Goodyear Co. (W95) and an 
aromatic resin, PPO 612 of General Electric Plastics Co. (PPO). The 
aliphatic, unsaturated oligomer resin W95 has a broad glass transi- 
tion around 45°C as measured by differential scanning calorimetry 
(DSC). The aromatic oligomer resin PPO is reported to have a number 
average molecular weight of 1700 g/mol, a 3.3 polydispersity index, 
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68 R.-M. HO el al. 

and a 160°C glass transition temperature [15]. DSC measurements in 
our lab show a glass transition at 155°C. 

Sample Preparation 

Samples with different proportions of copolymer and oligomer resins 
were prepared by solution blending in toluene at 10 wt% solids with 
1-part antioxidant (IRGANOX@ 1010) per hundred parts solids. 
For the TEM, SAXS, DSC, and original DMA tests, solutions were 
transferred to 90 x 50 mm evaporating dishes for solvent evaporation 
in open air at room temperature for a week. Remaining trace solvent 
was removed in a vacuum oven at  40°C for 3 days. The drying of the 
sample was finished in the vacuum oven at elevated temperature by 
gradually raising the oven temperature up to 120"C, and then an- 
nealing at 120°C for 24 hr. 

Samples for later DMA tests with lower concentrations ( < 3 wt%) 
of PPO were solution blended at the higher concentration of 20 wt% 
solids. PPO and antioxidant solutions (5 and 0.2 g/dL in toluene) were 
prepared first. These two solutions were combined in desired amounts 
in brown glass bottles and the SIS added next and dissolved with 
shaking. The W95 was added last and this solution was allowed to 
sit overnight before solution casting. Three and a half mL of each 
blended solution was placed on a Teflon watch glass (for easy remov- 
al of the dried sample) and these were placed in a vacuum oven at 
room temperature with a small beaker of toluene and a low purge 
(0.1 SLPM) of nitrogen gas. Vacuum was not applied. The beaker of 
toluene was removed after one day, and the low purge of nitrogen 
continued for three more days. Then the purge was ended and vacuum 
applied for two days. Finally, the temperature was raised to ap- 
proximately 110°C and allowed to return to room temperature, all 
under vacuum. The controlled, gradual evaporation procedures were 
followed to insure samples of uniform composition, with no residual 
toluene. 

Samples for peel and holding power tests were prepared by rod 
coating from a 20wt% solution on 50pm polyester film followed by 
air drying overnight in a laminar flow hood. Dried adhesive layer 
thickness on the film was 25 f. 3 pm. For such thin samples, this less 
complex drying procedure was judged sufficient. 
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BLOCK COPOLYMER BASED PSAs 69 

Size Exclusion Chromatography 

Size exclusion chromatography (Waters, 150-CALC/GPC) was used 
to determine the molecular weight of the copolymer. Columns with 
pore sizes of 50, 100 and 1,000nm (Polymer Laboratories) were used, 
and calibrated with standard polystyrene homopolymers. The solvent 
medium was tetrahydrofuran, and sample solution was injected at a 
flow rate of 1 mL/min. 

Differential Scanning Calorimetry 

Five to fifteen mg samples were loaded in sealed aluminum pans and 
tested in a differential scanning calorimeter (Perkin Elmer DSC-7). 
The instrument was calibrated with high purity standards of indium. 
Scans from 20°C to 200°C at 40"C/min were run with an ice bath as 
the heat sink. 

Dynamic Mechanical Analysis 

Initial DMA tests for temperatures ranging from - 100°C to 150°C 
were performed using a Rheometrics Mechanical Spectrometer RMS- 
800 with IOmm diameter serrated plates, sample thickness of 2 to 
3mm, and operated at 1 radian/s with shear strains 5 5%, where the 
rheological response is within the linear viscoelastic region. Tempera- 
ture scans were conducted at a heating rate of 3"C/min under a ni- 
trogen atmosphere. Later DMA tests with the lower concentrations 
( < 3 wt%) of PPO were conducted with a Rheometric Scientific 
ARES rheometer with nitrogen convection oven using 25 mm parallel 
plates for all temperature scans; however, from - 100°C to 40"C, the 
sample was drawn down to a diameter and length of approximately 
5mm each, enabling the ratio of G" to G' in the stiff sample to be 
accurately measured, with some uncertainty in magnitude of the 
moduli owing to the approximate diameter and shape. The plates were 
then closed on the sample to a regular nominal gap of 1 mm for the 
temperature range of 20 to > 200"C, enabling accurate measurement 
of moduli especially in the temperature region 20 to 100°C. Moduli 
data from the low temperature scan were then shifted to this accurate 
baseline in the overlap region (20 to 40°C). Changes in sample shape, 
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70 R.-M. HO et al. 

either drawing down to a smaller diameter or squeezing back to  a 
regular thin disk, were done at 160 to 170°C. 

Small Angle X-ray Scattering 

Small-angle X-ray scattering (SAXS) measurements were conducted 
on a small-angle beamline constructed at the University of Minnesota. 
Cu K, X-rays were generated by a Rigaku RU-2OOBVH rotating 
anode X-ray machine equipped with a 0.2 x 2mm microfocus 
cathode and Franks mirror optics. Solution-cast samples were placed 
inside the evacuated sample chamber and maintained at the appro- 
priate temperature by a pair of heaters mounted on a water-cooled 
brass block (temperature range 5-260"C, stability =k O.l°C). Two- 
dimensional diffraction images were collected with a multiwire area 
detector (HI-STAR, Siemens Analytical X-ray Instruments) at differ- 
ent temperatures and corrected for detector response characteristics 
prior to analysis. Integration times were 5min after samples were 
equilibrated at temperature for 20min. Images were converted to a 
one-dimensional format by integrating azimuthally along an arc 
f 40" from the horizontal axis. The interdomain distances were 
determined based on these one-dimensional profiles. Characteristic 
microdomain spacings, d = 27r/q*, were extracted from these SAXS 
patterns where q* represents the principal (i.e., first-order) peak 
position. 

Transmission Electron Microscopy 

Ultra-thin films (50-60 nm) of solution cast samples were obtained by 
ultra cryomicrotomy using a Reichert Ultracut microtome (equipped 
with a Reichert FCS cryo-chamber and a diamond knife) and oper- 
ated at - 1 10°C. Polyisoprene (majority component) domains were 
preferentially stained by exposure to the vapor of a 4% aqueous 
Os04 solution for 4hr  and appear dark in the micrographs; poly- 
styrene (minority component) domains appear relatively light. Bright 
field images were obtained by mass-thickness contrast on a JEOL 
JEM- 12 10 transmission electron microscopy, at an accelerating volt- 
age of 120 kV. 
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BLOCK COPOLYMER BASED PSAs 71 

RESULTS AND DISCUSSION 

DMA Miscibility Studies 

The selective miscibility of oligomer resin additives with the different 
phases in block copolymers is key to the modification of micro- 
structure. DMA was used to determine how the glass transitions of 
the blocks change as a function of the concentration of the blend 
components. These changes indicate the miscibility of the resin ad- 
ditives in the separate blocks of the copolymer. The glass transitions 
of the polystyrene (PS) and the polyisoprene (PI) phases are evident 
in the DMA loss modulus spectra (C") of the solution-cast blends 
(Figs. 1 and 2). 

In Figure I ,  the loss modulus, C", spectra of the W95jSIS mixtures 
show only a slight initial shift in the Tg of PS (l0SoC) and then this 
Tg is independent of W95 addition, while the Tg of PI (-65°C) 
steadily increases and broadens with increasing W 9 5  content. This 
indicates solubility of W 9 5  in the PI domains. The W95 also lowers 
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FIGURE I 
the solution-cast SIS and SISiW95 mixtures, at 1 rad/s and 3"C/min. 

DMA (a) loss modulus and (b) storage modulus versus temperature for 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
1
1
 
2
2
 
J
a
n
u
a
r
y
 
2
0
1
1



D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
1
1
 
2
2
 
J
a
n
u
a
r
y
 
2
0
1
1



BLOCK COPOLYMER BASED PSAs 1 3  

10' 
a 

1 o8 

1 o7 

b lo6  

1 o5 

h 

(d a 
v 

i n 4  

70 % PPO 

I \  
I W  

-80 -40 0 40 80 120 160 200 

Temperature ("C) 

1 o9 
L 

lo8 ; 

.-. 10' f 

lo6 r 

lo5 ; 

(d 

!L. 
k 

FIGURE 2 DMA (a) loss modulus and (b) storage modulus versus temperature for the 
solution-cast SIS and SISjPPO mixtures, at 1 radjs and 3"C/min. 

accompanied by huge increases in the rubbery plateau modulus (G'). 
As we will subsequently show, if the PPO addition is kept small 
enough a spherical microstructure is maintained and the rubbery 
plateau modulus is then unaffected. 
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14 R.-M. HO el al. 

Microstructure 

The micrograph of solution-cast SIS (Fig. 3) shows a typical body- 
centered cubic (BCC) structure; both 110 and 100 projections of BCC 
structure can be identified. In W95/SIS mixtures, uniform copolymer 
microstructures were observed for all blend compositions examined: 
macrophase separation was not apparent. Regular BCC microstruc- 
tures were found for the 30 wt% (Fig. 4a) and 50 wt% (Fig. 4b) W95 
blends. The degree of long-range order, as measured by the average 
grain size, appears to improve with increasing W95. A progressive 
decrease in PS (light, microphase-separated areas) domain size can 
also be observed in Figures 3, 4a and 4b (O%, 30% and 50% W 9 5 ,  
respectively). Meanwhile, the d-spacing, as measured by SAXS, is 
almost unchanged in these blend compositions: Figure 5 shows the 
one-dimensional SAXS profiles. The d-spacings, extracted from these 
profiles as d=  27r/q*, where q* represents the principal ( i e . ,  first-order) 
peak position, are 30.5 nm, 30.4 nm and 3 1 .O nm for neat SIS, 30 wt% 

FIGURE 3 Microstucture of solution-cast neat SIS: body-centered cubic (with 110 
and 100 projections visible). The polyisoprene matrix phase is stained dark and the 
polystyrene spherical domains appear light. 
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BLOCK COPOLYMER BASED PSAs 

F I G U R E  4 Microstructures 01' solution-cast SlS/ 1495 blends containing W 9 S  con- 
centrations ol' (a)  30wt"/', (b)  50wtU4, (c) 7 o W l % 1 .  Tlic polystyrcne phase is stained 
dark. 
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FIGURE 4 (Continued). 

I 

50 wt% W95 

30 wt% w95 

0 wt% w95 

FIGURE 5 SAXS patterns from S l S / W 5  mixtures showing that the principal peak 
position remains unchanged as the W95 concentration increases to 50wt%. The peak 
position is found using a Gaussian fit. The domain spacing is d =  2 ~ / 4 ' ,  where 4* is the 
principal peak position. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
1
1
 
2
2
 
J
a
n
u
a
r
y
 
2
0
1
1



BLOCK COPOLYMER BASED PSAs I1 

W95 and 50 wt% W95, respectively. Since the introduction of W95 
swells the PI matrix phase, the only way to keep a fixed d-spacing in 
the increased volume of PI matrix phase is to increase commensurate- 
ly the number of microphase-separated PS domains. This, in turn, 
can only be accomplished by decreasing the average number of PS 
chains in each domain, as observed in the decreasing domain size seen 
in the micrographs. When the W95 content is further increased, the 
cubic morphology begins to transform to a disorder-like morphol- 
ogy (Fig. 4c); however, a signature of the BCC pattern can still be 
identified from SAXS. This suggests a short range ordered cubic 
microstructure still exists. 

When 10 wt% of PPO is introduced into the SIS, the cubic mor- 
phology of SIS transforms to a hexagonal cylinder morphology 
(Fig. 6a). Upon increasing PPO further, a typical lamellar morphol- 
ogy (Fig. 6b) appears, with no sign of macrophase separation. The 
transformation is similar to that obtained for diblock copolymer 
blended with polystyrene homopolymer [16]. When the PPO content 
is increased to 40 wt%, macrophase separation occurs as shown in 

FIGURE 6 Microstructures of solution cast SISjPPO blends containing PPO concen- 
trations of (a) 10 wt%, (b) 30wt%, (c) 40wt%. The polystyrene phase is stained dark. 
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FIGURE 6 (Continued). 
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BLOCK COPOLYMER BASED PSAs 19 

Figure 6c. PPO forms macrodomains with domain size ranging from 
submicron to micron in the continuous SIS phase. The population and 
domain size of the dispersed PPO phase increases with increasing PPO 
content while the SIS microdomain structure still exhibits a lamellar 
morphology. At a PPO loading of 70 wt%, PPO is still the dispersed 
phase in a continuous SIS matrix, but the microdomain structure dis- 
appears and a disordered morphology emerges. SAXS results show an 
increase in the d-spacing from 30.3 nm in SIS (cubic) to 37.8 nm with 
10 wt% PPO (cylinder), then to 50.8 nm with 30 wt% PPO (lamellae) 
and, finally, to 56.0 nm with 50 wt% PPO (lamellae). This suggests the 
PS microdomains are significantly swollen by the PPO and that the 
PPO eventually separates out due to a limitation of the swelling. 

Mixtures of SIS, W 9 5  and PPO were prepared in order to study the 
morphology of SIS in the presence of both midblock and endblock 
associating resins. The various mixtures are designated as .x/y/z where 
x stands for the percentage of SIS, y for the percentage of W95 resin, 
and z for the percentage of PPO resin. Distinct micfostructures were 
identified when the concentration of SIS was above 40 wt% in the mix- 
tures. Macrophase separation occurred for mixtures containing higher 
concentration of PPO and lower concentration of SIS. A simplistic 
ternary phase diagram for the SIS/ W95/PPO system was constructed 
from these observations (Fig. 7). For simplicity, we treat SIS, W95 and 
PPO as single, chemically-homogeneous components. 

The phase diagram and DMA results show that when the micro- 
structure changes from spherical BCC to hexagonal cylinders and 
then to lamellar, the modulus increases. These microstructure transfor- 
mations are effected by increasing the ratio of the polystyrene phase 
to the polyisoprene phase; in this case, by increasing the amount of 
PPO relative to W95.  The increase in modulus with this micro- 
structure change is not advantageous to meeting the Dahlquist cri- 
terion for tack (modulus < 3 x 105Pa). To keep the modulus low, it 
is probably best to keep to the spherical microstructure and certainly 
necessary to avoid the lamellar microstructure. 

Property Tests 

Since relatively modest amounts of PPO ( < 5 wt%) were observed to 
effect a significant increase in the PS phase glass transition, we focused 
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80 R.-M. HO el al. 

SIS 

PPO w95 

FIGURE 7 Simplistic ternary phase diagram for SIS/W95/PPO system, where 0 
indicates body-center cubic, V indicates hexagonal cylindrical, = indicates lamellar, and 
x indicates disordered microstructure. For simplicity, SIS is treated as  a single, 
chemically-homogeneous component, and the line demarking the “one phase” and “two 
phase” regions indicates where PPO phase separates out of the polystyrene domains. 

on formulations where the SIS was constant at 50wt%, the W95 
component was added to approximately 50 wt% to lower the modu- 
lus below the Dahlquist criterion, and PPO was added in small 
amounts to raise the PS phase glass transition. These blends were 
in the ratio 50/50/0, 50/48.5/1.5 and 50147.512.5 for SIS/ W951PPO. 
Room temperature peel and elevated temperature lap shear tests 
were conducted. The results of standard (PSTC-1, 12 incheslmin (30.5 
cm/min), 1 inch (2.5 cm) wide) peel tests (Fig. 8) show that the addi- 
tion of these low quantities of PPO had no significant effect on peel 
strength. Standard lap shear tests (PSTC-7, with 1,OOOg weight) at 
room temperature and at  50°C were not discriminating, as all samples 
held longer than a week. Tests at  75°C were successful in distinguish- 
ing the blends: Figure 9 shows the results where holding times at 
75°C increased exponentially with PPO content, showing the practical 
application of this PPO for increasing the service temperature range 
of these PSAs. 

Results for G’ and G” are shown in Figures 10a and lob. The 
addition of the PPO has a small initial effect on the glass transition of 
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BLOCK COPOLYMER BASED PSAs 81 

I 1 I 
0 0  1 .o 2.0 3.0 

Yo PPO 

FIGURE 8 Room temperature peel force tests (PSTC-I, 12inimin (30.5cm/min), 
1 inch (2.54cm) width) versus PPO content. All formulations have 50wt% SIS and 
50 wt% additives (W95  plus PPO). 

Oh PPO 

FIGURE 9 Elevated temperature (75°C) holding power tests, holding time versus PPO 
content (lap shear tests based on PSTC-7 with a 1,000 g weight). Formulations are all 
50 wt% SIS and 50 wt% additives (W5 plus PPO). 

the polyisoprene phase in these formulations. The level of the stor- 
age modulus, G’, remains unchanged from very low temperatures up 
through the normal use range ( < 70°C). However, the effects of PPO 
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1 0 ' ~  a 

10- 50-48.5-1.5 \ 

0 50 100 150 200 

Temperature ("C) 

1 o9 
b 
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FIGURE 10 DMA (a) storage modulus and (b) loss modulus versus temperature for 
solution-cast SIS/W95/PPO mixtures at 1 rad/s and 3"C/min. SIS concentration is con- 
stant at 50 wt%. 

are significant on the polystyrene phase glass transition, which is 
raised approximately 10°C in the 2.5 wt% PPO formulation (as meas- 
ured from the peak in the G" curve). At higher temperatures, the G' 
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curve shows a distinct change of slope that has been identified (and 
confirmed with SAXS) by us and by others [I71 to be a signature of 
the order-disorder transition in block copolymers. Figure 11 sum- 
marizes the changes in the PS phase glass transition, and in the order- 
disorder transition, with increasing PPO addition. 

Adding PPO raises the PS phase glass transition temperature; the 
rise in the ODT temperature is even greater. Even so, it is the glass 
transition that is expected to limit the upper use temperature, since the 
thermoplastic elastomer flows much more easily above this tempera- 
ture. The ODT might be expected to influence the processing window, 
e.g. ,  the ranges of temperature, coating rates, and other processing 
parameters that allow uniform coatings. Direct manipulation of the 
ODT temperature is relatively unexplored in terms of influencing the 
properties of adhesives, or structure -processing - property relation- 
ships. Higher ODT’s might increase the rate and quality of micro- 
structure development following melt processing (in turn affecting 
properties), but studying this remains for future work. 

The increase in the ODT and in the polystyrene glass transition is 
significant with modest PPO addition. This is related to the relatively 
small amount of polystyrene present in the D 1 107 block copolymer 
(15wt%). The increase in the glass transition follows the Fox 

200 

180 

- 
?, 160 
9? 
I 
3 
c 

140 - 
E 
I- 

120 100 + 
0.0 0.5 1 .o 1.5 2.0 2.5 

% PPO 

FIGURE 1 1  Effect of PPO addition on transition temperatures (Tg and ODT) of the 
solution-cast SIS/ W95/PPO mixtures. 
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equation. As has been noted [15], block copolymers with greater pro- 
portions of polystyrene used to be thought better for PPO blends. 
The rationale was that the increased weight fraction of polystyrene 
would provide a larger reservoir for PPO, allowing more to be added, 
resulting in a greater increase in the polystyrene glass transition and, 
thus, in the service temperature. This is not necessarily so, as the in- 
crease in the glass transition will only follow the proportion of PPO 
to polystyrene. The same increase in glass transition will result with 
smaller weight fractions of PPO for lower weight fractions of poly- 
styrene in the block copolymer. 

CONCLUSIONS 

The requirements of low modulus for tack and higher service tem- 
peratures are met with small additions of PPO ( < 3 wtY0) to SIS/ 
W95/PPO blends. These additions left the rubbery plateau modulus 
unaffected. In our work, as long as the microstructure remains 
spherical, the rubbery modulus is essentially unaffected by PPO ad- 
dition. The modulus was lowered to meet the Dahlquist criterion 
for tack with addition of approximately 50wty0 W95. In formulating 
this model adhesive, DMA studies were effective in determining the 
miscibility of resin additives in the different blocks of the copolymer. 
DMA simultaneously showed the level of the rubbery modulus in the 
use region (criterion for tack) and changes in the glass transition and 
ODT temperatures. The increases observed in the polystyrene phase 
glass transitions were key to the higher service temperature holding 
power performance. 
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