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Abstract: In this paper, experimental method and statistical data analysis were demonstrated to evaluate peeling property
of polyisoprene-based pressure sensitive adhesive. The peeling properties (peel strength/energy) of the polyisoprene-
based pressure sensitive adhesive on the three different substrates (stainless steel, carbon steel, powder coating) were
examined with varying peel velocity (25~1500 mm/min), peel test (90°, 180°), and the type of pressure sensitive adhesive
(duct tape, clear tape). While little influence of relative humidity on the peel strength was found, the effect of roughness
of the substrate was significant, revealing that the peel strength is inversely proportional to the roughness of the substrate.
The highest peel strength was measured on the substrate of stainless steel, and the peel strength increased with increasing
peel velocity and peel angle. The prediction of the peel strength as a function of peel angle and velocity was provided
through a statistical data modeling with a 95% confidence interval.

Keywords: pressure sensitive adhesive, polyisoprene, peel strength, peel energy, roughness.
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Figure 1. Commercial advertisement posters attached to electric
apparatus: (a), (b) samples; (c) percent diagram for polyisoprene-
based pressure sensitive adhesive used to attached posters.
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Table 1. Pyrolysis-Gas Chromatography/Mass Spectrometry
(Pyrolysis-GC/MS) Test Results of Polyisoprene-based Pressure
Sensitive Adhesive (PSA)

PSA Weight of Chemical Molecular
type PSA composition structure®
Isoprene : >
(CsHy) -
Duct 4} 8> mg/em?  Limonene —.
tape —J —ayd
(CioHie) ! 1 of
ol +
Calcium o B
carbonate C—0-
(CaCo0s)
@
Isoprene . i
(CsHy) o
A
Clear )
tape 2.16mg/cm
Limonene >
(CioHie) 4 R
—d
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Figure 2. Automatic peel test (red arrows (a) and (b) denote the direction of force): (a) Mode I: 90° peel test; (b) Mode II: 180° peel test;

(c) force range taken from the measurement data.
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Table 2. Peel Test Results for Duct and Clear Tapes on Stainless Steel (STS), Carbon Steel (CS) and Powder Coating (PC) at

300 mm/min

Mean force (N)

Peel strength (N/cm) Peel energy (50 mm, J)

PSA type Substrate type 90° 180° 90° 180° 90° 180°
STS 17.5032 21.2462 3.6465 4.4263 0.8387 1.0204
Duct tape CS 8.1355 11.2790 1.6949 2.3498 0.3938 0.5606
PC 11.9011 13.7947 2.4794 2.8739 0.5950 0.6853
STS 9.6749 10.5974 2.0156 2.0278 0.4737 0.4765
Clear tape CS 6.4064 6.9398 1.3343 1.4458 0.3176 0.3411
PC 10.1203 11.4562 2.1084 2.3867 0.4933 0.5609
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Figure 3. Schematic of the peel test and the force decomposition:
(a) Mode I: 90° peel test; (b) Mode II: 180° peel test; (c) force
decomposition of (a); (d) force decomposition of (b).
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Figure 5. Peel strength (N/cm) measured using (a) duct tape; (b) clear tape: (al) STS; (a2) CS; (a3) PC; (bl) STS; (b2) CS; (b3) PC.
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Table 3. Summary of Fitting Parameters For Peel Strength and Peel Energy

Fitting function (y = ax”)

Substrate type PSA type Peel angle Peel strength (N/cm) Peel energy (J)
a b R a b R
90° 0.6908 0.2721 0.9746 0.1664 0.2638 0.9639
Duct tape
. 180° 0.7175 0.3348 0.9905 0.1581 0.3412 0.9792
Stainless steel
90° 0.3143 0.3237 0.9854 0.0739 0.3237 0.9854
Clear tape
180° 0.2591 0.3603 0.9991 0.0608 0.3604 0.9991
90° 02314 0.3351 0.9927 0.0595 0.3250 0.9922
Duct tape
180° 0.4969 0.2778 0.9905 0.1016 0.3022 0.9819
Carbon steel
90° 0.2606 0.2883 0.9939 0.0600 0.2940 0.9980
Clear tape
180° 0.1686 0.3746 0.9991 0.0378 0.3858 0.9990
90° 0.7912 0.2061 0.9107 0.1690 0.2227 0.9249
Duct tape
) 180° 0.5616 0.2785 0.9972 0.1215 0.2952 0.9880
Powder coating
90° 0.5181 0.2461 0.9998 0.1224 0.2444 0.9983
Clear tape
180° 0.5087 0.2630 0.9872 0.1383 0.2430 0.9980
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Figure 6. Peel energy (J) measured using (a) duct tape; (b) clear tape: (al) STS; (a2) CS; (a3) PC; (b1) STS; (b2) CS; (b3) PC.
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