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Abstract. This study presents effects of foam density and vermiculite content of puncture resistance and cushion properties of PU/vermiculite foam composite for resisting against sharp objects and impact load. Results show that puncture resistance property improves significantly with foam density and slightly with increase of vermiculites. Cushion property becomes worse lower after vermiculite addition. With improvement of foam density, cushion property shows an uncertain trend. Besides, comparing with different contents of vermiculites, PU/vermiculite foam composite containing 5 wt% vermiculite has the lowest cushion property because vermiculite bonds with polar group among polar group among PU molecular.
Introduction
PU foam composite has excellent light weight, thermal stability and dimensional stability, and simultaneously possesses sound absorbing, thermal insulation property [1]. Therefore, it has usually used in building fields for saving energy and meanwhile improving living environment. Comparing with other polymer composites, it needs fewer volume fractions of filler. Vermiculite, a kind of mineral material, has characteristics such as positive-ion exchange capacity, layer expansion ability, adsorption capacity and heat preservation property [2]. Vermiculites/polymer has been by many researchers for improving tensile, flexural, and thermal stability properties etc [2]. In our previous study [3], vermiculite was added into PU foam to improve sound absorption coefficient of PU foam composite in low-medium frequency. As promote of protective consciousness, protection function has been also considered in building material respectively in compartment and inner wall of building, such as cushion property to protect human from impact and puncture resistance to resist against puncture penetration by sharp tools. Therefore, in this study, we focus on puncture resistance and cushion property of PU/vermiculite foam composite by changes of foam density and vermiculite content. The resultant foam composite would be expected to use in kindergarten etc. 
Experimental
Experimental Materials
Fire-retardant PET fibers provided by Far Eastern New Century Corp., Taiwan, had fineness of 6 D, length of 64 mm, and LOI of 39. Two-agent PU foam agent composed of polyol and diphenylmethane diisocyanate (MDI) supplied from Zhongxing Chemical, Taiwan. Vermiculite in diameter of 1.4-4 mm consisting of 70 wt% silvery-white vermiculite (from Sinkiang) and 30 wt% yellowish-white vermiculite (from South Africa) was from Topcover Co., Taiwan.
PU/ Vermiculite Foam Composite Preparation
Fire-retardant PET fibers were firstly used to form 250 g/m2 PET nonwoven via needle-punching at 100 needles/min and to serve as flame retarding layer of PU foam composite. Polyol, MDI blended by 1:1 and vermiculites were formed PU/additive foam agent after stirring at 200 rpm for 30 s, and then injected into 300 mm × 300 mm × 30 mm mold prepared in advance with a layer of PET nonwoven on the bottom. Then other PET nonwoven was placed on the surface. After sealing mould for 60 min at room temperature, PU/vermiculite foam composite was prepared whose diagram was shown in Figure 1. The vermiculites content was varied from 0, 5, 10, 15 and 20 wt%. The foam density was 40, 50, 60, 70 and 80 kg/m3.
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Figure 1. Schematic diagram of PU/ Vermiculite foam composite.
Tests
Puncture resistance test Puncture resistance test was performed by Instron 5566 Universal Testing Machines (Instron, U.S.) according to ASTM F1342-05. Two different probes with diameter of 2 mm and 4.5 mm attached on cross head and then penetrated through samples at speed of 508 mm/min. Puncture force-displacement curve was recorded, and ultimately the maximum puncture force which evaluated puncture resistance property was determined. Each sample had size of 100 mm × 100 mm. Cushion test Cushion testing was conducted according to ASTM D4168-95 (2008) E1 for evaluating cushioning property of samples. The sample size was 100 mm ×100 mm. The impactor was dropped from 20-mm height on surface of samples to assess maximum impact absorption energy. The original impact load was set as 9000 N.
Results and Discussions
Effects of foam density and vermiculite content on Puncture Resistance against Finer Needles
Figure 2 shows effects of foam density and vermiculite content on puncture resistance against 2-mm diameter needles. It is found that pure PU foam composite, namely containing 0 wt% of vermiculites, possesses stronger puncture resistance. Moreover, with increase of foam density, puncture resistance of pure PU foam steadily enhances. Relatively, after adding vermiculites, puncture resistance against 2-mm diameter needle tends to be down. Meanwhile, as foam density increases, PU/ vermiculite foam composite also reinforces evidently. When vermiculites content becomes bigger, puncture resistance improves slightly. This is because when needle tip penetrated through skin layer, the probability contacting with vermiculite became higher with increase of vermiculite, thereby improving resistance to 2-mm diameter puncture probe.
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Figure 2. Effects of foam density and vermiculite content on puncture resistance of PU/vermiculite foam composites penetrated by 2-mm diameter needle.
Effects of foam density and vermiculite content on Puncture Resistance against Coarser Needles
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Figure 3. Effects of foam density and vermiculite content on puncture resistance of PU/vermiculite foam composites penetrated by 4.5-mm diameter needle.
Figure 3 shows effects of foam density and vermiculite content on puncture resistance against 4.5-mm diameter needles. When vermiculite content is 0 wt%, PU foam composite has greater puncture resistance property; moreover, as foam density increases, puncture resistances improve accordingly. Puncture resistance is mainly due to skin layer structure of foam composite and secondly results from cell size of core layer. When fire-retarding PET nonwoven was compounded with PU foam, foaming agent was immersed in PET nonwoven and then cured together with PET nonwoven. Therefore, slipping fiber could be kept in the original place and probe tip difficultly passed across the composites. In addition, increased foam density improves amount and density of foam agent contained in fire-retarding PET nonwoven, further increasing penetration resistance through skin layers of foam composite. Comparing with Figure 2, puncture resistance against 4.5-mm diameter needle generates higher than that against 2-mm diameter needle. This is because coarser needle (4.5-mm diameter) pushed more fibers aside and produced higher friction strength than finer needles (2-mm diameter) when penetrating through skin layer of foam composite.
Effects of foam density and vermiculite content on Cushion property
Figure 4 shows that foam density affects cushion property of pure PU foam composite insignificantly, but residual load slightly decreases with foam density for 20 wt% addition of vermiculites. This is because, foam agent released out more gas with increase of foam density and thus produced higher extrusion force to skin layer leading to high-density skin layer; meanwhile, impact energy transferred to skin layer and then dispersed into each cell more uniformly, hence improving absorption impact load of foam composite. When vermiculite content achieves to 5 wt%, residual load displays highest, indicating fewer absorption of impact energy. This is due to fact that SiO2 among vermiculite bonded to polar group among PU molecular, producing crisp and easy-collapsed cell when foam composite was subjected to impact energy [5].
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Figure 4. Effects of foam density and vermiculite content on residual load of PU/vermiculite foam composites.
Conclusion
In this study, effects of foam density and vermiculite content of puncture resistance and cushion properties of PU/vermiculite foam composite were discussed. With increase of foam density, puncture resistance property improves significantly, but cushion property shows an uncertain trend. Puncture resistance decreases after vermiculite was added in PU foam, and improves slightly with increase of vermiculites. Cushion property becomes worse lower after vermiculite addition. With 20 wt% of vermiculites, cushion property improves with foam density. Besides, comparing with different contents of vermiculites, PU/vermiculite foam composite containing 5 wt% vermiculite has the lowest cushion property.
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