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Research subject: In recent years, several studies have been performed
for improving the adhesion properties of polyurethane and acrylic pres-
sure-sensitive adhesives (PSAs). Generally, polyurethane PSAs are of
higher shear strength, while acrylic PSAs have higher tack. This research
is a feasibility study of exploiting the properties of both of these adhe-
sives through a simple blending method, and the adhesion properties
were evaluated.

Research approach: First, acrylic copolymer (Ac) consisting of 82
vol. % butyl acrylate and 18 vol. % methyl methacrylate was solution
polymerized. On the other hand, a thermoplastic polyurethane (TPU)
containing 17.5 wt. % hard segment was prepared by bulk polymeriza-
tion. Blending of these two polymers was performed by solution mixing.
Solutions of the pure polymers and their blends at different contents
were cast on polyethylene terephthalate backing and dried at room tem-
perature. Fourier transform infrared spectroscopy, gel permeation chro-
matography, and differential scanning calorimetry were used to identify
TPU and Ac. Loop tack, static shear strength, dynamic mechanical be-
havior, contact angle of sessile drop, morphology, and haze of the PSAs
were evaluated.

Main results: Tack of the acrylic PSA was higher than TPU PSA. Tack
of the blend PSAs containing 20, 40, and 60 wt. % TPU was higher than
the pure components and that of the blend containing 40 wt. % TPU
was maximum. This blend demonstrated the lowest water contact angle
compared to the other blends and the shortest relaxation time compared
to the pure polymers, which resulted in better wetting and higher tack.
The shear strength of the PSAs increased with increase in the content of
TPU to higher than 40 wt. % in the blends compared to the acrylic PSA;
so that the pure TPU showed the highest modulus at various frequencies
and hence exhibited high-shear PSA characteristics in the Chang’s vis-
coelastic window and the highest adhesion strength. The immiscibility
of the blends was confirmed by measuring the haze and calculating the
Hansen solubility parameter.

*To whom correspondence should be addressed:

ghasemirad@modares.ac.ir
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Table 1. Formulation for synthesis of acrylic copolymer

Content (g)

Ingredient

43.79
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10.15
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Table 2. Number and weight-average molecular weights and dispersity of Ac and TPU

Sample M (g/mol) M  (g/mol) b
Ac 63173 136090 2.154
TPU 80999 218950 2.703
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Table 3. Contact angle of water on PSA films

Sample

Contact angle (°)

Ac

90.67+1.84

TPU-20Ac

110.22+0.75

TPU-40Ac

105.64+1.55

TPU-60Ac

110.99+1.10

TPU-80Ac

111.10£1.12

TPU

95.01+2.79
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Fig. 5. FESEM images of (a,b) TPU20-Ac, (c,d) TPU40-Ac, (e,f) TPU60-Ac, and (gh) TPU80-Ac. The magnification of a,
¢, e, and g images, and b, d, f, and h images are 50k and 100k, respectively. The arrow in Fig. (f) shows a typical coarse

domains size.
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Table 4. Coarse domains size and width of the cracks formed at the surface of the PSAs obtained by analyzing the
FESEM images

Sample TPU-20Ac TPU-40Ac TPU-60Ac TPU-80Ac
Coarse domains size (nm) | 61.40+10.47 | 65.78+12.80 | 68.62+11.83 47.72+10.65
Crack width (nm) 18.39+4.26 | 17.56+3.81 16.55+3.98 23.3+3.76
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Fig. 6. Storage and loss modulus of the PSAs versus frequency
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Table 5. Storage modulus of the PSAs at 0.1 and 100 Hz and the Chu’s criterion

Sample G', ., (KPa) G',oon, (KP) G oo/ G o1ms £ occover (HZ)
Ac 4.55 351 77.14 0.969
TPU-40Ac 9.74 435 46.66 1.292
TPU 256 2280 8.90 0.055
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Table 6. Hansen solubility parameter of Ac, TPU, and their comprising components

Sample 8, (J'/?/cm*7%) 8, (J/cm®?) 8, (J"*/cm*7?) 8 (JV*/cm*7?)
PMMA [39] 17.46 5.95 9.24 20.64
PBA [39] 17.14 4.26 7.81 19.31
Ac 17.20 4,57 8.07 19.55
MDI,BD [40,41] 18.20 8.20 13.80 24.30
PPG 11.46 3.61 5.20 13.10
TPU 12.47 4.30 6.49 14.77
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