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Peel Morphology of Acrylate 
Adhesive Polymers 
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Technology, 3-5-8, Saiwai-cho, Fuchu-shi, Tokyo 183, Japan 

(Received October 26, 1992; in final form August 3, 1993) 

The morphology of various acrylate adhesive polymers peeled from Pyrex@ glass was investigated. The 
composition ratios of acrylate polymers [poly(2-ethylhexyl acrylate-co-acrylic acid-co-vinyl acetate): 
P(2EHA-AA-VAc)] are 2EHA/AA/VAc = 100/0/0 (PEHA0000), 951510 (PEHA0500), 921810 (PEHA 
0800) and 85/5/10 (PEHA0510) (mol%). The peel pattern of PEHAOOOO exhibited a greatly elongated 
saw tooth, while PEHA0500 and PEHA0800 revealed the characteristic branched stringiness at the 
edge of the saw tooth. The peel morphology of PEHA0510 exhibited the regular saw tooth. The peel 
morphological pattern differences between the acrylate adhesive polymers were examined using dynamic 
mechanical thermal analysis, surface tension and the fluorescence probe technique. 

KEY WORDS poly(2-ethylhexyl acrylate-co-acrylic acid-co-vinyl acetate); peel morphology; dynamic 
mechanical properties; surface tension; fluorescence probe technique; relative mean rotational relax- 
ation time; adhesion; pressure sensitive adhesives. 

1. INTRODUCTION 

Acrylate polymers, such as poly(2-ethylhexylacrylate), poly(butylacry1ate) and 
poly(ethylacrylate), are used as the main components in pressure sensitive adhesives 
(PSA) because they have low glass transition temperatures (TgS - 20°C) and good 
flexibility. The PSA properties (tack, peel adhesion, holding power) are partially 
controlled by copolymerization of acrylic acid and vinyl acetate, tackification and 
crosslinking. In general, the PSA properties are elucidated using dynamic mechan- 
ical analysis, surface tension and surface m~rphology. ' -~ Peel adhesion has been 
studied by several researcher~.~-~l  It is well known that the theoretical equations of 
peel adhesion use various parameters such as viscoelasticity, thickness, peel angle 
and work of adhesion, WA, etc. Saito'* explained these theoretical equations simply. 
Recently, FurukawaI3 and Zhu14 defined new equations for peel adhesion. Urahama 
etal." observed the peel morphology with an optical technique, and found that the 
backing influenced the peel morphology. 

It is reported that the fluorescence probe method is an effective technique for 
studying chain mobility and dynamic behavior of macromolecules in solution.'6-20 
We thought that the study of the dynamic behavior of polymers was very important 
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in the field of adhesive  polymer^.^'-*^ In a previous study,22 the fluorescence depolar- 
ization of chromophores, such as rodamine 6G and fluorescein, was investigated in 
an acrylate adhesive polymer coated on poly(ethyleneterephtha1ate) (PET) film. 
The chromophore’s mean rotational relaxation time, p, depended on the thickness 
of the adhesive layer and the PET film. The maximum value of p was obtained with 
a 30 pm thick adhesive layer and a 38 pm thick PET film. We presumed that the 
orientation of the PET molecule may affect the p of a chromophore in the layer of 
acrylate adhesive polymer. The fluorescence depolarizations results of chromo- 
phores in acrylate polymer/toluene mixtures suggests that the extent of interaction 
between an acrylate polymer and a dissimilar polymer could be evaluated.” It was 
expected that the fluorescence probe technique could well be applied to analyze the 
chain motion of the acrylate polymer. 

In this study, the pressure sensitive adhesive (PSA) properties (peel adhesion, 
tack, holding power) and peel morphologies of four acrylate adhesive polymers 
(PEHAOOOO, PEHA0500, PEHA0800 and PEHAO510) were examined. The dy- 
namic mechanical properties of all of the acrylate adhesives were measured in the 
bulk state and the fluorescence depolarization was measured in solution (toluene). 
The surface tensions, ys, of the four acrylate polymers were calculated using the 
solubility parameter, 6. The peel morphology of the acrylate adhesives was corre- 
lated with the dynamic mechanical properties, surface tension and the mean rota- 
tional relaxation time, p, determined from the fluorescence depolarization. 

2. EXPERIMENTAL 

2.1 Materials 

The acrylate polymers (P(2EHA-AA-VAc)} were prepared by radical polymeriza- 
tion at 70°C for 8h using benzoyl peroxide as an initiator in a 9 5 / 5  mixture of ethyl 
acetate and acetone. The composition ratio, molecular weight and molecular weight 
distribution of P(2EHA-AA-VAc) are shown in Table I. The molecular weights 
were measured with a Toyo Soda HLC-802UR GPC at 40°C in THF. 

2.2 Measurements 

Measurements of PSA properties, such as peel adhesion, tack and holding power, 
were carried out according to JIS (Japanese Industrial Standard)-Z0237. The 
180” peel adhesion to stainless steel was measured with a Toyo Baldwin Co., Ltd. 
TENSIRON/UTM-4-100. The tack was measured using the J. Dow ball tackz4 test 
with a stainless steel ball at 23°C. Balls of various diameters were rolled onto 100 
mm sections of faceup adhesive tape, on a 30-degree incline, with a leading distance 
of 100 mm. Then, the diameter of the largest ball which stops within 10 cm on the 
adhesive tape is determined. If the diameter of the ball is (n/32) inch, the tack of 
the adhesive tape is evaluated as “ball number n.” The holding power was measured 
on stainless steel with a Nitto Rika Kogyo Co., Ltd. NDC-100s creep tester at 40°C. 
The adhesive test samples were prepared by knife coating a 20 wt% toluene solution 
onto a 50 pm poly(ethy1eneterephthalate) (PET) film. After the samples were dried 
at 90°C for 2 min, the acrylate polymer films were laminated with the release liner. 
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PROPERTIES OF ACRYLATE ADHESIVE POLYMERS 225 

TABLE I 
Characteristics of P(2EHA-AA-VAc)" 

Composition ratio (mol%) 

2-Ethyl hexyl Acrylic Vinyl 
Code acrylate acid acetate M" M J M ,  

0000 100 0 0 1 . 7 ~  10' 9.1 
0500 95 5 0 2.5 x lo5 4.6 
0510 85 5 10 3.0 x 10' 5.7 
0800 92 8 0 4.1 x 10' 5.6 

"Equivalent molecular weight to that of poly(styrene) by GPC. 

These samples were conditioned for 7 days before testing at 23 .t 3°C and 65 5 5% 
RH. The dry acrylate adhesive layer was 30 km thick. 

The peel morphology was observed with acrylate polymers coated onto PET film 
using a peeling behavior observation apparatus made by M i ~ a g i . * ~  The peeling angle 
was 90" and the peeling load was 40-400 (g/25 mm). The adherend was a Pyrex@ 
glass (thickness-2 mm). 

The dynamic mechanical properties of the acrylate polymers were investigated 
by a shearing method, using a Rheometrics Co. RDS-I1 instrument. The section 
area and thickness of the acrylate polymer samples were 50 mm2 and 6 mm, respec- 
tively. The frequency was 1 Hz and the dynamic mechanical properties, such as 
storage modulus G', loss modulus G", and dynamic loss tangent tan6, were mea- 
sured against temperature. 

The fluorescence depolarizations were measured with a fluorescence spectropho- 
tometer (Hitachi 650-40 type) equipped with a data processor (Hitachi 650-0178) 
and polarizing filters (Hitachi 650-0155). The fluorescence probes are small molec- 
ular chromophore (9-hydromethyl anthracene: HMA) and anthryl groups attached 
to terminal branches of poly(styrene) (APSA). The structures of the fluorescence 
probes used in this study are shown in Figure 1. The fluorescence probes were put 
into the P(2EHA-AA-VAc)/toluene mixtures at concentrations between 0.01 and 
0.1 (g/dl). The mean rotational relaxation time, p, of HMA and APSA was obtained 
by fluorescence depolarization. The degree of polymerization of poly(styrene) in 
APSA was 2600. 

CHPOH 
I 

9- Hydroxy met hyl-ant hracene (HM A) 

FIGURE 1 Structure of chromophores. 

APSA 
n=2600 
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TABLE I1 
Pressure sensitive adhesive properties of P(2EHA-AA-VAc) 

180" Peel adhesion" J. Dow Holding power 
Code (gf/25 mm) ball tack (set) 

oooo CF/65 
0500 CF/750 
0510 CF/ 1650 
0800 CFl2660 

CF/2 
CFl7 
CFl20 
CF I20 

"Dwell time, 24 hours. 
CF, Cohesive failure of adhesive. 

3. RESULTS AND DISCUSSION 

3.1 PSA Properties and Peel Morphology 

The PSA properties of the acrylate adhesive polymers are represented in Table 11. 
The 180" peel adhesion testing of all samples exhibits cohesive failure in the acrylate 
layer, and the peel adhesion increases with increasing acrylic acid content. The 180" 
peel adhesion of PEHA0510 is between PEHA0500 and PEHA0800. The value of 
the J.  Dow ball tack of PEHAOOOO is smaller than that of the other three acrylate 
adhesive polymers which all have the same value. In all the acrylate polymers, the 
holding power is unfavorable because they are non-curing. We consider that the 
PSA properties are influenced by the dynamic mechanical properties and the inter- 
facial interaction between adhesive and adherend. Particularly, since the 180" peel 
adhesion of these acrylate polymers to  stainless steel exhibits cohesive failure in the 
adhesive layer, it is presumed that the 180" peel adhesion was influenced by the 
dynamic mechanical properties of the polymers. 

The peel morphology of the polymers PEHA0000,0500,0510 and 0800 was inves- 
tigated. The peel patterns of these adhesives on Pyrex@ glass are shown in Figure 
2. These polymers exhibited interfacial failure between the acrylate layer and the 
glass. The stringiness of poly(2-ethylhexylacrylate) PEHAOOOO results in a markedly 
elongated saw tooth. In the polymers with acrylic acid content of 5 and 8 (mol%), 
PEHA05OO and 0800, a characteristic branched stringiness on the edge of the saw 
tooth appears. When the vinyl acetate unit is added into the PEHA polymer, the 
stringy peel morphology pattern shows a regular saw tooth form. The peel width 
and pitch of the acrylate polymers is shown in Table 111. As the stringiness pattern 
changes according to the acrylate polymer composition, and the peels of all acrylate 
polymers to Pyrex@ glass show interfacial failure, it is predicted that the peel mor- 
phology is influenced by the mechanical properties of the bulk polymer and the 
interfacial interaction between the acrylate polymer and the Pyrex@ glass. Urahama 
et al. 26 observed the peel morphology of rubber/terpene tackifier resin blend adhe- 
sives and found that the stringiness pattern was changed by blending tackifier resin 
into the rubber. In general, they found that the dynamic mechanical properties, 
such as storage modulus G', loss modulus G and glass transition temperature T,, 
depended on the tackifier resin content. Thus, we thought it important to measure 
the dynamic mechanical properties of the four acrylate adhesive polymers. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
2
8
 
2
2
 
J
a
n
u
a
r
y
 
2
0
1
1



PROPERTIES OF ACRYLATE ADHESIVE POLYMERS 227 

- 
0. sr 

FIGURE 2 Peeling morphology of acrylate polymers. Code: A) 0000, B) 0510, C) 0800, D) 0500. 
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TABLE 111 
Peel width and pitch of P(2EHA-AA-VAc) 

Code Width (mm) Pitch (mm) 

0000 0.7 0.25 
0500 0.7 - 

0510 0.25 0.35 
0800 1.25 - 

3.2 Dynamic Mechanical Properties 

The temperature dependence of G’ for the acrylate polymers is shown in Fig- 
ure 3. The values of G’ for PEHAOOOO are smaller than for the other acrylate 
polymers. Urahama2’ studied the peel morphology of a non-cured type acrylic 
pressure sensitive adhesive (PSA) to a glass plate and reported that the peel mor- 
phology exhibited a greatly-elongated peel pattern. The peel pattern of PEHAOOOO 
is similar to that of the non-cured type PSA. Thus, we think that the greatly- 
elongated peel pattern is related to the lower G‘ value (the G’ of PEHAOOOO is 
3 . 8 ~  lo5 (dyn/cm2) at room temperature). On the other hand, in the acrylate 
polymers containing acrylic acid and vinyl acetate, the magnitude of G’ increases 

lO’O 

-60 -20 20 60 1 
1 oh 
-100 

Temperature (“C) 
10 

FIGURE 3 Temperatre dependence of G‘ for acrylate polymers. Acrylate polymer code: 0 0510, 
0 0800, V 0500, V OOOO. 
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in the order: PEHA0500<0510<0800. It is presumed that the regular saw tooth 
pattern (PEHA0510) and the characteristic branched stringiness on the edge of the 
saw tooth peel morphology is observed around G' = 6.0 x 1OS-1.4 x 10' (dyn/cm2) 
at room temperature. Figure 4 shows the temperature dependence of loss modu- 
lus G" for the acrylate polymers. The curves of G" vs. temperature are similar to 
those of G' vs. temperature and the magnitude of G" also increases in the or- 
der: PEHA0000<0500<0510<0800. The maximum value of G" may appear in the 
lower temperature region (< - 60°C). The temperature dependence of the dynamic 
loss tangent, tan6, for the acrylate polymers is shown in Figure 5.  The maximum 
of tan 6 (TDmax) for the polymers (PEHA) shifts towards higher temperatures in the 
order: PEHA0000<0500<0510<0800. In the PEHA polymers, the ordering of 
the TDmax values is the same as that of the G' and G" values. The TDmax  relates to the 
glass transition temperature, T,. The dynamic mechanical properties (G', G") at 
23°C and TDmax for the acrylate polymers are shown in Table IV. The order of 180" 
peel adhesion values also corresponds to that of the dynamic mechanical properties 
for the four acrylate adhesive polymers. It is, therefore, presumed that the 180" 
peel adhesion of PEHA polymers is influenced by the bulk properties (dynamic 
mechanical properties) of the polymers. The values of G', G" and T D m a x  for 
PEHAOOOO is smaller than those of the other acrylate polymers. In the peel 
morphology of PEHAOOOO, it is considered that the markedly-elongated saw tooth 
depends on the lower G', G" and TDmax of this polymer. On the other hand, it is 
suggested that the characteristic branched stringiness on the edge of the saw tooth 

I 1 1 1 1 1 I 1 I 

-60 -20 20 60 100 
lb.' 
-100 

Temperat ure ('C ) 

FIGURE 4 Temperature dependence of G" for acrylate polymers. Acrylate polymer code: 0 0510, 
0 0800, V 0500, V oo00. 
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vvv 
v v  

t 
0.1 I I 1 I I I 1 I I I 

-100 -60 -20 20 60 too 
Temperature ("C) 

FIGURE 5 Temperature dependence of tan S for acrylate polymers. Acrylate polymer code: 0 0510, 
0 0800, v 0500, v 0000. 

TABLE IV 
Dynamic mechanical properties at 23°C and TDmax of acrylate polymers 

Code G' (dyn/cm2) G" (dyn /cm2) T ~ ) m a x  ("C) 

0 0 0  3.82 x 10' 3 . 1 9 ~  10' -42.6 
0500 6.02 X lo5 4.04 x 10' - 21.3 
0510 1.27 X 10' 9 . 7 0 ~  10' - 20.0 
0800 1 . 3 8 ~  lo6 1.61 x 106 - 11.1 

and the regular saw tooth forms of peel morphology for the other acrylate polymers 
is related to the higher G', G" and TDmax. Figure 6 shows the heightened scale of 
peeling morphology (the characteristic branched stringiness on the edge of the saw 
tooth form) of the acrylate polymers with acrylic acid content of 5 and 8 (mol%) 
(PEHA0500, 0800). In the acrylate polymer containing 5 (mol%) acrylic acid 
(PEHA0500), the branched stringiness observed on  the edge of the saw tooth 
exhibits the twigged peel morphology. The peel pattern of PEHA0800 also shows 
the twigged peel morphology; however, the peel features of PEHA0800 are very 
complicated. When the acrylic acid is copolymerized with 2-ethylhexyl acrylate, G' , 
G and T, increase with increasing acrylic acid content because of hydrogen bonding 
and the higher T, of acrylic acid. In the copolymer of 2-ethylhexyl acrylate and 
acrylic acid, it is thought that the feature of twigged peel morphology is influenced 
by the mechanical properties, such as modulus and T,, of the bulk acrylate polymer. 

The G ' ,  G" and TDmax of PEHA0510 lie between those of PEHA0500 and 0800, 
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- 
0 0 25mm 

FIGURE 6 Peeling morphology of acrylate polymers. Code: A) 0800, B) 0500. 

while the pattern of peel morphology of 0510 differed from the peel morphologies 
of 0500 and 0800. We took note of the values of dynamic mechanical properties and 
peel morphology (regular saw tooth) for PEHAO510. I t  is supposed that the pattern 
of peel morphology is affected by the dynamic mechanical properties of the acrylate 
adhesive polymers and other factors, i e . ,  the interfacial interaction between the 
adhesives and the adherend and the surface tension of the adhesives. 
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3.3 Surface Tension 

In general, pressure sensitive adhesive properties, such as tack and 180" peel adhe- 
sion, depend on the surface tension. For example, Toyama et dZ8 found that tack 
and peel adhesion were influenced by the difference between the surface tensions 
of the adhesive polymer and adherend. The pattern of peel morphology may, there- 
fore, also be related to the difference between the surface tensions of the acrylate 
polymers. 

In this study, the surface tensions, ys, of the acrylate polymers were estimated 
using the solubility parameter, 6, and the following equations: 

ys = 0.07 1 47.62*V"3 

6 = 4. 1(ys/V1'3)0.43 

ys = 0.062-62*V1'3 (313' 

where V is the molar volume. The 6 is calculated from the molar attraction 
constants, Fi, using Hoy's table.32 

S = 2  (Fi/V) (4) 

As the acrylate polymers are composed of 2-ethylhexyl acrylate (2EHA), acrylic 
acid (AA) and vinyl acetate (VAc), the codes a ,  b and c are expressed as the 
monomer ratios of 2EHA, A A  and VAc, respectively. Thus, 6 is obtained with the 
monomer ratios a, b and c as follows: 

The ys calculated by equations 1, 2, 3 and literature values of ys, for acrylate poly- 
mers are shown in Table V. The ys obtained by the four methods are different from 
each other (27-34 (dynlcm)); however, the ys are unchanged in these acrylate 
polymers. This result suggests, therefore, that the ys do not, in fact, affect the 
pattern of peel morphology. 

TABLE V 
Surface tensions of acrylate polymers (dydcrn) 

m 31.2 33.3 
0500 31.5 33.9 
0510 31.5 33.8 
0800 31.7 34.1 

27.1 27.4" 
27.3 28.0" 
27.3 28.3b 
27.5 28. 6a 

"T. Kasemura, M. Inagaki and T. Hata, Kobunshi Ronbunshu 44, 131 (1987). 
Kano, K.  Ishikura, S. Kawahara and S .  Akiyama, Polyrn. J .  24, 135 (1992) 
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We think that the difference between the peel patterns of the acrylate polymers 
(PEHA0500, 0800 and 0510) is related to the vinyl acetate unit. In the previous 
paper,21 we investigated the fluorescence depolarization of chromophores in acry- 
late polymer/toluene mixtures based on the fluorescence probe technique. We 
found that this technique is an effective method for evaluating the interaction be- 
tween an acrylate adhesive polymer and a dissimilar polymer. To  examine the effect 
of the vinyl acetate unit on the difference between the peel patterns for the acrylate 
polymers, the fluorescence probe technique in solutions (acrylate polymer/toluene 
mixtures) was employed. The mean rotational relaxation time, p, of chromophores 
in acrylate polymer/toluene mixtures was measured by means of a fluorescence 
depolarization method. 

3.4 Fluorescence Depolarization 

The emission anisotropy, y, relates to the mean rotational relaxation time, p.  By 
assuming the rigid sphere approximation, the relationship between y and p is 
expressed as follows: 

where ' T ~  is the excited single lifetime of the chromophore, ytr the emission anisot- 
ropy in rigid solution, q the viscosity, V the apparent rotational volume of the 
chromophore, K the Boltzmann constant and T the absolute temperature. Thus, the 
ratio P/'T~) can be calculated by following equation: 

where IF and I: are the fluorescence intensities at various polymer concentrations, 
F, and 0% polymer concentration, respectively. Therefore, p is calculated from the 
emission anisotropy which is measured by the fluorescence depolarization. 

To investigate the interaction between the acrylate polymer and a dissimilar 
polymer [poly(styrene)], the relative mean rotational relaxation time, p, of HMA 
and APSA was evaluated by fluorescence depolarization. Figure 7 shows the depen- 
dence of p, for the chromophores APSA and HMA, versus q / T  for various acrylate 
polymer/toluene mixtures. The viscosity, q, at 25°C of different PEHA/toluene 
mixtures as a function of acrylate polymer concentration in the various polymers 
was reported in the previous paper." In the acrylate polymer codes, 0000,0500 and 
0800, the change of the apparent mean rotational relaxation time of APSA against 
q / T  is little. On the other hand, the apparent mean rotational relaxation time of 
APSA in PEHA0510/toluene mixtures increases with increasing q/T, monotoni- 
cally. It is expected that the interaction between PEHAO510 and APSA is stronger 
than those between the other acrylate polymers and APSA. Using HMA as the 
chromophore, polymers 0510,0800 and 0500 show an increase in the apparent mean 
rotational relaxation time with increasing q /T ,  whereas the mean rotational relax- 
ation time does not change with q / T  for PEHA0000. 
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P 
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1.5 
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0.5 

0 
0.1 
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0.5 1 5 10 

'2/ T x  lo3 ( W m  .sec.K) 

50 

01 I 1 I I I 

0.1 0.5 1 5 10 50 

FIGURE 7 Relationship between relative mean rotational relaxation time of chromophores and q/T 
for various acrylate polymer/toluene mixtures. Chromophore: a) APSA, b) HMA. Acrylate polymer 
code: 0 0510, 0 0800, V 0500, V 0000. 
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10 

9\" 
< 1 -  
\ 

0.1 

When the interaction between the acrylate polymers and a dissimilar polymer is 
evaluated, the ratio of mean rotational relaxation time in each chromophore, pP/ps,  
is expressed as follows: 

(8) 

~~ 

- 

0 

I I I 1 1 

where subscripts P and s denote the chromophore attached to the terminal branches 
of poly(styrene) (APSA) and the small molecule chromophore (HMA), respec- 
tively. As Yop=Yos and ' T ~ ~ = ' T ~ ~ ,  pp/ps can be calculated with the following equation 

(9) IFp~I':s/I~p.IFs) [ys (y 0s - YP)l P d P S  = 
[ Y P  (Yos - Ys)l 

where the yo' value of HMA is 7.8." 
In order to clarify the interaction between the acrylate adhesive polymer and the 

dissimilar polymer, the relationship between pP/ps and q/T is plotted as shown in 
Figure 8. From Eq. 7, the ratio of apparent rotational volume (Vp/Vs) can be 
expressed by: 

P P / P s = v P f v s  

FIGURE 8 
mer code: 0 0510, 0 0800, V 0500, V 0000. 

Plots of pp/ps against 7 /T  for various acrylate polymer/toluene mixtures. Acrylate poly- 
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As shown in Figure 8, the increasing ratio of pp/ps to q / T  in the PEHAOSlO/toluene 
mixtures is larger than those in the mixtures of the other acrylate polymers with 
toluene. Thus, the increasing ratio of Vp/Vs in PEHA0510/toluene mixtures is 
larger than that in PEHAOOOO, 0500 and 0800/toluene mixtures. It is presumed 
that interaction between PEHA0510 and the dissimilar polymer [poly(styrene)] is 
stronger than those between the other acrylate polymers and the dissimilar poly- 
mer in toluene. The PEHAO510 contains the vinyl acetate unit, whereas the other 
acrylate polymers, PEHAOOOO, 0500 and 0800 do not contain vinyl acetate. We, 
expect that adding vinyl acetate units to the acrylate polymer enhances the interac- 
tion with a dissimilar polymer, because the vinyl acetate can reduce the hydrogen 
bonding force of the acrylic acid group and easily entangle with another polymer 
[poly(styrene)]. 

From the results of the fluorescence depolarization technique, the change in the 
mean rotational relaxation time ratio, pp/ps, versus q / T  in PEHA0510/toluene 
mixtures was very large. If the interaction between PEHA0510 and poly(styrene) 
in solution is equivalent to that between PEHA0510 and Pyrex@ glass in the solid 
state, we may expect that the regular saw tooth form of peel morphology for 
PEHAO510 is related to the effects of vinyl acetate (reducing hydrogen bonding 
force, advancing entanglement to another polymer). On the other hand, the pp/ps 
ratio of the chromophore in the PEHAOOOO, 0500 and 0800/toluene mixtures does 
not change against q /T .  It is considered that the patterns of peel morphology for 
PEHAOOOO, 0500 and 0800 (the markedly-elongated saw tooth, characteristic 
branched stringiness on the edge of the saw tooth) are affected by the dynamic 
mechanical properties of the acrylate polymers. 

In this study, the peel patterns of the four kinds of acrylate adhesives were 
compared with the results of the fluorescence depolarization experiments in the 
solution state to examine the interfacial interaction between the adhesive polymers 
and the adherend (Pyrex@ glass). However, it is supposed that the pp/ps ratio of the 
chromophores in acrylate adhesive polymer/toluene solutions may be influenced by 
the degree of polymerization of the poly(styI;ene) in the APSA and the polarity of 
the liquid (because of the solution state). The effect of the vinyl acetate unit may 
be different in the solution state (fluorescence depolarization technique) from what 
it is in the solid state (peel morphology). In the future, we would like to investigate 
the effect of these parameters on the peel pattern and on the pp/ps of chromophores 
in the adhesive polymer (solid state) on PET film. 

4. CONCLUSIONS 

In the four acrylate adhesive polymers [PEHAOOOO, 0500,0800 and 05101, the peel 
morphology was examined with the peel behavior observation apparatus. The peel 
pattern of PEHAOOOO exhibited a greatly-elongated saw tooth, whereas those of 
PEHA0500 and PEHA0800 exhibited a characteristic branched stringiness on the 
edge of the saw tooth. The pattern of peel morphology of PEHA0510 revealed a 
regular saw tooth. The difference of peel morphology for the four acrylate adhesive 
polymers was investigated by comparing their dynamic mechanical properties, their 
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surface tension, ys (bulk state), and their mean rotational relaxation time, p, based 
on the fluorescence depolarization technique (solution state). The ys did not change 
in these acrylate polymers. It is, therefore, presumed that the difference of peel 
patterns for PEHA0000,0500 and 0800 was influenced by the dynamic mechanical 
properties, such as G' ,  G" and TDmax. On the other hand, the peel pattern (regular 
saw tooth) for PEHAO510 was related to the vinyl acetate unit (the decreasing hy- 
drogen bonding force and the increasing entanglement effect), because the increase 
in the ratio pp/ps with increasing q/T for PEHAO510 was much larger than for the 
other polymers. 
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