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Adhesion to Polyolefins Using Novel Miscibility Technology

Yoshihiko SHIRAKI

Polyolefins, such as polyethylene and polypropylene, are globally the most consumed plastics. Therefore,

polyolefins are considered to be essential materials. Because they lack polar groups, polyethylene and polypropylene

are poor adhesiveness, which poses serious industrial challenges. Here, we describe a novel adhesion system

involving a polyurethane and an untreated polyolefins. These polymers inter-diffuse by heat-treatment and tightly

bound at the interface. When the heat-treatment is carried out above the temperature of melting point of polyolefins,

needle-like polyolefin crystals form at adhesive interface, in which the interface is bound by the generated needle-

like crystals in the same way that nails adhere to wood. Moreover, the fracture mechanism associated with “nailing

adhesion” revealed by directly observing using transmission electron microscopy with modified copper-grid

technique. While the temperature is below the melting point of polyethylene, polyurethane penetrates an amorphous

part of polyethylene and these polymers form a mixing layer at the adhesive interface. As a result, the polymers

bound tightly at the interface via entanglement. Polyurethanes with optimally balanced non-polar and polar blocks

exhibit superior adhesion due to their polyolefin compatibilities.
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Table 1 HHPIP PU properties’
PU Equivalent ratio Non-polar block M, X10? My X10° Tq
HHPIP 3M15PD MDI content (wt%) (g-mol™?* (g-mol™)?* (°C)
HHPIP PU (89%)  1.00 0.00 0.95 89 4.2 73 —49
HHPIP PU (80%) 0.49 0.51 0.95 80 4.7 56 —50
HHPIPPU (70%)  0.27 0.73 0.95 70 6.9 75 =50
HHPIP PU (60%)  0.16 0.84 0.95 60 4.4 41 —49

2 The number- and weight-average molecular weights (M, and My) of each PU were determined by

SEC using polystyrene standards.

Table 2 Properties of PUs with varying non-polar block structure™

9,11

PU Equivalent ratio  Non-polar block  M,X10? My X10? Tq
Polyol MDI content (Wt%) (g'mol™?* (g'mol®)?* (°C)
HHPBD PU (87%) 1.00 0.85 87 4.6 18 -39
1,6-PCD PU 1.00 0.90 89 9.8 29 —-29
HPIP PU 1.00 1.02 89 7.7 100 —52

2The My and My of each PU were determined by SEC using polystyrene standards.
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Fig.5 Peel adhesion data.’ (a) Peel strengths of HHPIP PU adhesives with varying amounts of non-polar blocks.
(b) Peel strengths of HHPIP PU (89%) adhesive with varying substrates. (c) Peel strengths of 1,6-PCD PU,
HPIP PU, and HHPBD PU (87%) adhesives. (c) Data acquired at various heat-treatment temperatures.
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50—-100 nm

Fig.6 TEM images of PU/PO interfaces.*!! (a) HHPIP PU (89%)/PE. (b) HHPIP PU (60%)/PE. (c) HHPBD PU (87%) /PE.
(d) HHPIP PU (89%)/PP. (¢) HHPIP PU (60%) /PP. (ff HHPBD PU (87%) /PP. Heat-treatment was carried out at

140 °C (PE) or 185°C (PP) for 10 min.
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Fig. 7 Directly observing the inter-diffusion process at the
PU/dPE interface by NR.? (a) HHPIP PU (89%) /dPE.
(b) HHPIP PU (60%) /dPE.
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/dPE interface.? (a) The initial HHPIP PU (89%)/dPE
layer interface is very sharp at 25 “C. (b) PU begins to
diffuse asymmetrically into the dPE layer at a
temperature below the T of dPE. (c) The dPE crystal
structure melts when heated above its 7m, which
further promotes PU diffusion. (d) Needle-like dPE
crystals are generated as the interfacial mixing layer,
which consists of dPE and PU cools, due to phase
segregation and dPE recrystallization. (e) The initial
HHPIP PU (60%)/dPE layer interface is sharp at 25 °C.
(f) PU hardly diffuses into the dPE layer because
HHPIP PU (60%) and dPE are poorly compatible.

(g) Diffusion proceeds slightly when heated above the
Tw of dPE. (h) Needle-like dPE crystals are generated
in the interfacial mixing layer, which consists of dPE
and PU, during cooling. Much shorter needles than
those observed for HHPIP PU (89%) are formed due to
the thinner interfacial mixing layer.

Fig. 9 Directly observing of the fractured cross-sections of
HHPIP PU (89 %) /PO adhesive interfaces by TEM.
(a) PU/PE. (b) PU/PP.
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Fig.10 Schematic of the fracture mechanisms at the HHPIP PU (89 %) /PO adhesive interface.' (a) PU/PE, (b) PU/PP interfaces.
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Fig.12 Relationships between peel strength and the Mw
for various HHPBD PUs (87 %).1* (a) Peel adhesion
data. (b) N 1s XPS spectra of fracture surfaces on
the PE substrate following peel testing. The peaks
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