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ABSTRACT : A previous stud-pull test was modified to measure the bond strength of polyurethane foam to carbon
steel substrate. This test was appropriate in that the specimen foamed on Zn phosphated steel (0.95 kN) was broken at
higher load than that of smooth galvanizing treated steel (0.38 kN). Among the samples foamed on the substrate at
various preheating temperatures, the polyurethane foam to the steel held over 60 “C exhibited very high bond strength.
The samples were exposed at water vapor absorption, and, then, their bond strengths were measured. The adhesion was
significantly reduced in the samples foamed on the steel at temperatures below 40 C and above 70 C. For the
polyurethane foams formulated with two blowing gases, the adhesion was higher by 0.03 kN in the samples with
HCFC-141b than that with HFC-245fa. When the these samples were exposed at water vapor soaking, the reduction of
the bond strength for the HFC-245fa blown sample was negligible due to smaller area fraction of void area filled with
gas at interfacial area. Consequently, it was found that adhesion of polyurethane foam to metal substrate was
determined by variation of microstructural features with substrate preheating, surface treatment, type of blowing agent.

Keywords ' polyurethane foam, surface treated carbon steel, void area, stud-pull test, water vapor absorption.
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Table 1. Sample Description Used in This Study

sample  substrate surface substrate blowing agent %2 fraction of
name treatment temperature (°C) B2 yoid area (%)
A Zinc phosphated steel 268 HCFC-141b 212125
B Zinc phosphated steel 268 HFC-245fa 138+21
C Galvanized steel 2638 HFC-245% 198+23
D Galvanized steel 374 HFC-245fa 07%35
E Galvanized steel 492 HFC-245fa 346734
F Galvanized steel 60.7 HFC-245fa 187130
G Galvanized steel 704 HEC-45fa 200£27
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Figure 1. Description of stud pull test to measure breaking load
of polymer foam/steel bonds using an Instron (a) cap-covered stud
with string and (b) the stud with the dimension shown in (c) was
pulled both upward and downward directions in (a).
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Figure 2. Apparatus used to expose specimens to water vapor
absorption. For fully water vapor soaking, the specimens were put
onto the rack inside the chamber closed.
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Figure 3. Comparison of breaking loads of polyurethane foams
faced to zinc phosphated and galvanized steel.
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Figure 4. Fractographs from sample B foamed at zinc phos-
phated steel at 27 C. Breaking load is (a) 88.1 N, (b) 102.3 N,
and (c) 61.4 N.
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Figure 5. Fractographs from sample C foamed at galvanized
steel at 27 C. Breaking load is (a) 28.6 N, (b) 38.8 N, (c) 42.6 N,
and (d) 44.8 N.
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Figure 6. The effect of steel substrate temperature on variation
of breaking load of water vapor soaked-samples.
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Figure 7. Breaking loads of the polyurethane foams adhered to
two substrate materials, exposed to the water vapor absorption.
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