Experimental Study on the Effect of Pentanediol as a
Chain Extender on the Mechanical Properties of MDI
Polyurethane Foams

Iman Nateghi-Boroujeni, Gholamhossein Liaghat*, and Hamed Ahmadi

Faculty of Mechanical Engineering, Tarbiat Modares University, P.O. Box 14115-146, Tehran, Iran

Received: 18 November 2018, accepted: 4 September 2019

ABSTRACT

l lypothesis: Energy-absorbing materials and structures have many uses,

especially in protecting human lives. As a result, interest in discovering the

applied new materials have increased. Polyurethane foams are used in a
variety of energy absorbers. In this study, the mechanical properties of a pentanediol-
reinforced methylene diphenyl diiscocyanate (MDI) polyurethane foam have been
investigated.
Methods: Foams were prepared by direct mixing of the reactants. Standard samples
have been developed to study the compressive and tensile properties. The specimens
were made by adding 5 and 10% pentanediol to a same polyurethane compound.
Quasi-static strength and compression tests have been performed and the results have
been reported. The microstructure of the foam has been investigated using scanning
electron microscopy (SEM).
Keywords: Findings: Comparison of the results showed that, despite the strengthening of the
compressive strength of the polyurethane foams by adding some other chain-extenders,
the compressive properties of polyurethane foams, including the strength and absorbed
energy with the pentanediol as an additive, are not significantly altered, but the elastic
modulus and plateau modulus increased significantly. The specific absorbed energy of
foam is also increased by adding 5 and 10 percent pentanediol to 11.7% and 12.6%,
respectively. The results of tensile tests also showed a high sensitivity to the addition
of pentanediol. With addition of 10% pentanediol, strength, fracture strain and foam
toughness increased by 37.9%, 57.1% and 137.5%, respectively. The elastic modulus
of the tensile samples was also increased by 6.9% in adding 10% pentanediol. Also,
the results showed that the substance exhibited smaller cells and a more uniform
structure by adding 1,5-pentane diol.
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Fig.1. Foam production steps.
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Fig. 2. Compression test steps.

‘”Y\ WA GLT = juo € o)losds 093 9w Jwirosls (5J9)9is5 9 pole (ol alxo

Ladisad J&o 5 S5 b -) U

Table 1. Name, composition and density of specimens.

Specimen | Isocyanate | Polyol PD Density
name (wt %) Wt %) | (wt%) (kg/m?)
7030 70 30 0 1274+5%

703005 66.65 28.55 4.8 113+£3%
703010 63.6 273 9.1 1204+3%
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Fig. 3. (a) Tension test and (b) tension specimen.
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Fig. 5. Compression tests results: (a) special stress-strain and (b) stress-strain.
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Table 2. Compression tests results.
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Specimen Strength Elastic moduli Plateau moduli Densification Absorbed Specific absorbed
name (kPa) (MPa) (MPa) strain energy (J) energy (J.m*/kg)
7030 1525+6% 34.4+5% 0.38+3% 0.44+5% 44.4+4% 0.349+3%
703005 1475+4% 52.9+4% 0.76£1% 0.42+2% 44.6+£3% 0.390+2%
703010 1535+5% 61.9+4% 1.08+£1% 0.40+3% 47.2+3% 0.393+£3%
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Fig. 6. Tensile tests results: (a) special stress-strain and (b) stress-strain.

Table 3. Tensile tests results.
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Specimen name | Elastic moduli (MPa) Strength (kPa) Failure strain Toughness (J)
7030 23.2+£12% 1102+9% 0.056:9% 0.4£8%
703005 24.5£10% 1382+7% 0.078+6% 0.7£7%
703010 24.8+10% 1520+£7% 0.088+8% 0.95+8%
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Fig. 6. SEM images of PU foams: (a) 7030 and (b) 703005.
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